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Abstract

 

We propose that infants may learn about the relative order of heads and complements in their language before they know many
words, on the basis of prosodic information (relative prominence within phonological phrases). We present experimental evidence
that 6–12-week-old infants can discriminate two languages that differ in their head direction and its prosodic correlate, but have
otherwise similar phonological properties (i.e. French and Turkish). This result supports the hypothesis that infants may use
this kind of prosodic information to bootstrap their acquisition of word order.

 

Introduction

 

Word order is one of the language-specific properties
that has to be acquired by young language learners. For
example, while in French the typical order for a sentence
is ‘J’ai écrit le livre’ (‘I wrote the book’), in Turkish it is
reversed: ‘KitabI yazdim’ (the book-acc wrote-1sg, ‘(I)
the book wrote’). This paper discusses the problem of
how infants may learn this property of their mother
tongue. We propose a 

 

prosodic bootstrapping

 

 hypothesis,
whereby infants rely on the prosodic characteristics
of their mother tongue to infer some of its syntactic
properties (Gleitman & Wanner, 1982; Mazuka, 1996;
Morgan & Demuth, 1996).

In order to account for the universal properties of
phrasal structure, linguists have proposed the existence
of one basic configuration shared by all human languages:
the X-bar structure (Chomsky, 1981). This structure
features a head, X, its complements and specifiers. X can
be one of several syntactic categories such as N (noun),
V (verb) or P (preposition). Languages divide into two
categories: either complements follow their head, as in
English and French, or vice versa, as in Turkish and
Japanese. This variation in word order across languages
is captured by the head-direction parameter which takes
one of two values, ‘head-complement’ or ‘complement-
head’. In some languages, such as German or Dutch, the

relative order of head and complements differs accord-
ing to the phrase type. Even in such languages, however,
the great majority of phrases have one order, on the
basis of which the relative order of main and subord-
inate clauses is also defined. We would like to note, in
addition, that the learning problem does not depend on
the linguistic formalism or on the specific theory chosen
to account for surface word order variation across lan-
guages. Infants have to eventually acquire the surface
word order of their mother tongue (in order to correctly
interpret sentences and produce them). Thus, even in a
theory in which the underlying word order is supposed
to be universally Subject Verb Object (Kayne, 1994), the
fact that surface word order varies across languages has
to be accounted for through language-specific movement
operations: in this case, children have to learn about
these movement operations, a problem which is equival-
ent to learning about underlying word order when it is
assumed to vary across languages.

How do babies learn about the (surface) word order
of their language? Until fairly recently the implicit
assumption in the literature has been that babies have
to parse at least one sentence correctly (e.g. ‘close the
door!’, see Radford, 1990). However, as pointed out by
Mazuka (1996), ‘parsing a few sentences’ is far from
easy, and requires a lot of sophisticated processing:
infants have to be able to segment the sentence into
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words, to understand the meaning of each of the indi-
vidual words, know their syntactic category, and to extract
the meaning of the sentence from the situation. None of
these problems is trivial to solve, especially since they
have to be solved in the absence of knowledge about
language-specific syntactic properties. For instance, find-
ing out the meaning of individual words solely from
observing real-life situations is extremely difficult, as has
been convincingly shown by Lila Gleitman and her col-
leagues (Gillette, Gleitman, Gleitman & Lederer, 1999;
Gleitman, 1990; Gleitman & Gleitman, 1997). The main
reason for this is that in any given situation many differ-
ent sentences can be uttered (which makes it very hard
to guess which particular meaning is intended). Espe-
cially for verbs, Gleitman showed that learning was
significantly improved when the set of syntactic structures
in which a verb may appear was available (for instance,
‘thought’ verbs can take phrasal complements or no
complement at all; communication verbs can typically
take three NP complements, corresponding to subject,
object and recipient; and these correspondences hold
universally). By contrast, knowing which nouns co-
occurred with the target verb triggered a much smaller
improvement in learning. It thus seems that those ele-
ments which are needed to acquire language-specific
syntactic structures are rather hard to acquire in the
absence of language-specific syntactic structure, which
leads to a vicious circle, or 

 

bootstrapping problem

 

. Which
comes first? In this paper, we suggest a way in which word
order may be acquired using prosodic information, which
would be available early in the learning process and would
not depend on the prior learning of any word.

Available empirical evidence suggests that the head-
direction parameter is set very early. Children do not
seem to make mistakes on word order when they start
combining words (Bloom, 1970; Brown, 1973; Pinker,
1994). Earlier than that, one-word stage children (age 17
months) appear to use knowledge about word order in a
comprehension task: Hirsh-Pasek and Golinkoff (1996)
had babies watch two video screens while listening to
spoken sentences. They found that babies looked longer
at the scene which corresponded to the meaning of the
spoken sentence (e.g. ‘Cookie Monster is tickling Big
Bird’) than to the one which did not match the spoken
sentence (e.g. a scene showing Big Bird tickling Cookie
Monster).

To summarize the argument, the task of acquiring a
language would be facilitated if  babies knew about the
relative order of heads and complements at a time when
they start learning about the meanings of words, before
they start combining words themselves. In this paper,
we wish to examine how babies may learn about the
word order of their native language before they are able

to parse sentences, and even before they know words.
Following Mazuka (1996), we propose that babies may
use prosodic information to this end. While Mazuka
argued that the relevant prosodic cues are those that
distinguish main from subordinate clauses, we suggest that
the relevant prosodic information is included in small
chunks of utterances. Finally, we substantiate our pro-
sodic bootstrapping hypothesis with empirical evidence
obtained with infants.

 

The prosodic bootstrapping hypothesis

 

Our hypothesis rests on the fact that the head-direction
parameter has a prosodic correlate: within phonological
phrases, prominence systematically falls on the right for
head-initial languages such as English, French or Greek,
and on the left for head-final languages such as Turkish,
Japanese or Bengali (see Nespor & Vogel, 1986).

 

1

 

 Per-
ceiving prominence within phonological phrases may
thus allow babies to decide the relative order of heads
and complements in their native language (Christophe,
Guasti, Nespor, Dupoux & van Ooyen, 1997; Nespor,
Guasti & Christophe, 1996). For the more complex
cases, as e.g. German or Dutch, the additional assump-
tion must be made that infants are able to find out about
the prominence pattern of the great majority of phono-
logical phrases, and that phrases exhibiting the minority
pattern (which always occur at the right edge of an into-
national contour) are processed later in the learning
process (see Nespor 

 

et al.

 

, 1996, for a fuller discussion
of this point).

For this hypothesis to be plausible, one has to show
that infants are able to perceive boundaries between
phonological phrases and prominence within phonolo-
gical phrases.

 

2

 

 Before turning to the presentation of an
experiment designed to test this hypothesis, we wish to
briefly review the relevant evidence from the literature,
which suggests that: (1) phonological phrase boundaries
are signaled in the speech stream, (2) adults perceive the
corresponding acoustic information and are able to
exploit it to find phonological phrase boundaries (there-
fore it is perceivable by the human speech perception

 

1

 

This correlation is widely accepted in the literature; see among
others Hayes (1989), Hayes and Lahiri (1991), Frota (2000).

 

2

 

Note that not every single phonological phrase bears the head-direction
information: whenever there is only one word in a phonological phrase,
there is no way of deciding whether prominence is initial or final.
Phonological phrases which contain only one word do not constitute
the majority, however. It is in fact rather hard to build up sentences
which contain only one-word phonological phrases (such as: ‘[yesterday]
[Jonathan] [arrived]’). Most utterances are therefore likely to contain
information about prominence within phonological phrases.
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system) and (3) infants from the age of 9 months also
perceive phonological phrase boundaries. Regarding
point 1, Wightman, Shattuck-Hufnagel, Ostendorf and
Price (1992) observed significant lengthening in the
vicinity of prosodic phrase boundaries (see also Gussen-
hoven & Rietveld, 1992, among others). In addition,
Morgan (1996) fed a number of prosodic measurements
of individual phonemes (duration, pitch and energy)
into a neural network and showed that this network was
quite good at finding phonological phrase boundaries in
the absence of explicit coaching, by generalizing from
the signals found at utterance boundaries, which are
clearly audible since they are also marked by pauses.
This suggests that phonological phrase boundaries are
reliably marked in the speech signal. Regarding point 2,
de Pijper and Sanderman (1994) showed that Dutch
adults can perceive phonological phrase boundaries in
their language, even in the absence of lexical informa-
tion. They had adults rate the relative depth of all
boundaries between the words of sentences, and found
similar ratings whether subjects could understand the
sentences or not (speech was rendered unintelligible
through a manipulation involving resynthesis with fixed
formant values, which preserved only the prosody of the
original sentences). Finally, with respect to point 3,
Gerken, Jusczyk and Mandel (1994) showed that Amer-
ican 9-month-olds reacted to the disruption of phono-
logical phrases in their language (see also Jusczyk,
Kemler Nelson, Hirsh-Pasek, Kennedy, Woodward,
Piwoz 

 

et al.

 

, 1992). In addition, Gout, Christophe and
Morgan (submitted) observed that American 10- and
13-month-old infants were able to rely on phonological
phrase boundaries in order to constrain lexical access.
Namely, when trained to turned their heads for the tar-
get word ‘paper’, infants responded to sentences which
did contain the word ‘paper’, but not to sentences which
contained both syllables of this word, separated by a
phonological phrase boundary, as in ‘the butler with the
least 

 

pay # per

 

formed the best’.
The experimental evidence just presented makes it

reasonable to assume that infants may have access to
phonological phrase boundary information sometime
during the first year of life. However, just knowing about
phonological phrase boundaries is not enough, and one
would like to know whether infants can perceive where
prominence falls within a phonological phrase. Experi-
mental evidence on this aspect is lacking; however, there
is some evidence that young infants are sensitive to the
relative prominence of syllables, within strings contain-
ing two or three syllables. Sansavini, Bertoncini and
Giovanelli (1997) showed that newborn Italian infants
reacted to a change from a list of bisyllabic items
accented on the first syllable (such as MAma), to a list

of items accented on the last syllable (such as maMA,
see also Jusczyk & Thompson, 1978; Kuhl, 1983; Morse,
1972). Even though one cannot infer from these findings
that infants are able to discover the most prominent
syllable within a phonological phrase in continuous
speech (in order to decide whether it falls more towards
the left or towards the right end of the phonological
phrase) these results do provide evidence for a crucial
prerequisite, namely the ability to perceive acoustic
prominence (at least within short and repetitive strings
of syllables).

 

Prominence within phonological phrases 
as a cue to the relative order of heads and 
complements: experimental evidence

 

The results reviewed above suggest that infants may
be able to perceive prominence within phonological
phrases. However, this evidence is not conclusive, and
therefore a direct empirical test is needed. Such a test
could take a number of forms: for instance, one could
study the acoustic correlates of prominence within pho-
nological phrases and examine whether infants can per-
ceive these acoustic correlates, using carefully controlled
synthetic speech. Alternatively, one could use normal,
continuous speech, and test whether infants can perceive
the difference between naturally produced sentences
from languages that differ in head direction. We selected
the second possibility.

To draw conclusions on whether infants are sensitive
to the relative prominence in phonological phrases, a
pair of languages must be selected that differ in head
direction but have otherwise similar prosodic structures.
We selected French and Turkish for our experimental
test, because they are matched on all factors which are
thought to influence language prosody (namely, word
stress, syllabic structure and vowel reduction): both lan-
guages have word-final stress, a similar syllabic structure
(with between-words resyllabification), and no vowel
reduction. But while French is head-initial, Turkish is
head-final: the phonological phrase prominence is thus
final in French and initial in Turkish. We constructed
pairs of sentences that were perfectly matched as to the
number of syllables, the position of word boundaries,
word stresses, phonological phrase and intonational
phrase boundaries. Thus the sentences in the two lan-
guages did not differ in any respect other than the prom-
inence within the phonological phrases (e.g. they did not
differ in number of syllables per word or phonological
phrase, etc.). An example of a pair of such sentences is
displayed in Figure 1. Square brackets show the position
of phonological phrase boundaries, prominence within
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words is marked with one stress and prominence within
phonological phrases with two stresses. It may be seen,
in these examples, that of the three phonological proper-
ties indicated, only the phonological phrase prominence
distinguishes the two sentences, in that it is final in
French and initial in Turkish.

It is crucial to our hypothesis that infants can discrim-
inate between French and Turkish sentences on the basis
of their prosody and not on the basis of other differ-
ences, such as the phonemic repertoire. To control for
this, the sentences were first pronounced naturally by
native speakers of  French and Turkish; then, in order
to eliminate phonetic content while preserving prosodic
structure, the sentences were resynthesized through
diphone synthesis using an algorithm developed at IPO
in Eindhoven, The Netherlands.

 

3

 

 After resynthesis, all
sentences were pronounced by the same voice (which

recorded the diphones), and they all contained the same
Dutch phonemes. All vowels were mapped to schwa, and
consonants were mapped by manner of articulation
(stops to /p/, fricatives to /s/, nasals to /m/, liquids to /l/
and semi-vowels to /j/; see Figure 1).

As a first step, we presented the resulting sentences to
French adults in a categorization task, in order to check
that the prosodic difference between French and Turkish
sentences is perceivable by the human processing sys-
tem (if  adults can perceive this prosodic difference, it
becomes more plausible that infants may do so, too).
Participants were five native speakers of French; the
modifications applied to the sentences were explained
to them, and they had to learn to categorize the resyn-
thesized French and Turkish sentences. In the training
phase they heard half  the sentences (20 in each lan-
guage) and the computer gave them feedback as to the
correctness of their response (the training phase was
repeated up to three times unless participants reached a
level of more than 75% correct during the first or second

Figure 1 An example of a pair of matched French and Turkish sentences: identical number of syllables, same word and 
phonological phrase (square brackets) boundaries, same word stresses (see first level of stresses). Only the phonological phrase 
stresses (second level of stresses) differentiate the two sentences. Below the same sentences are represented when resynthesized. 
(The French sentence means: ‘The big orang-outang was nervous’; the Turkish sentence means: ‘(S/he) wants to buy my new book’).

 

3

 

Many thanks to René Collier and Jan Roelof de Pijper for allowing
us to use facilities at IPO, Eindhoven, The Netherlands.
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training phase, in which case they were immediately
switched to the test phase). In the test phase, they had
to generalize what they had learned to the second half of
the sentences. We observed that all subjects but one per-
formed better than chance (65% correct) during the test
phase (see Figure 2). These results show that adult native
speakers of French can learn to categorize French and
Turkish sentences on the basis of the limited information
preserved in the resynthesized sentences (prosodic
information). Therefore we can conclude that there is
some perceivable difference between the resynthesized
French and Turkish sentences. Of primary interest to us is
to investigate whether this difference is available to infants.

In order to test infants’ sensitivity to the difference
between French and Turkish sentence prosody, we used
the modified version of the non-nutritive sucking pro-
cedure described by Hesketh, Christophe and Dehaene-
Lambertz (1997). In this procedure, the presentation of
sentences is made contingent upon the infants’ high-
amplitude sucking. Each baby was tested on two
changes in stimulation, one experimental (change of lan-

guage, from Turkish to French or vice versa) and one
control (from one set of sentences to another within the
same language). It is assumed that discrimination takes
place whenever infants increase their sucking (and there-
fore the number of sentences triggered) more for the
experimental change than for the control change.

 

Method

 

Material

 

The stimuli consisted of 40 matched pairs of French and
Turkish sentences such as those shown in Figure 1. They
were between 10 and 23 syllables long. They were
recorded by one male native speaker of French and one
male native speaker of Turkish whose voices were
matched in pitch (range 100 Hz to 210 Hz, mean 150 Hz,
for both speakers), since pitch is the only property of
the voice that is preserved in the resynthesis process.
Speakers were naïve as to the aim of the experiment and

Figure 2 Results of a categorization experiment with 5 French adults listening to resynthesized French and Turkish sentences. 
Each group of bars represents the percentage of correct responses from one participant; light bars represent responses in the Training 
phases with feedback (repeated up to three times, until each participant reached 75% correct), and dark bars represent responses 
in the Test phase (with sentences never heard before and without feedback). The dotted line represents better-than-chance 
performance (65% correct on one phase of the experiment).
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were instructed to speak as naturally as possible.

 

4

 

 Each
sentence was digitized at 16 kHz and stored in the com-
puter. Sentences were hand-labeled so that the beginning
of each phoneme was marked. For each sentence, the
original string of phonemes was translated using the grid
mentioned above (vowels to schwa, consonants by man-
ner of articulation); the resulting string of phonemes was
used to diphone-synthesize a new sentence; the duration
and pitch of each phoneme from the original sentence
was copied onto the synthetic sentences by means of the
PSOLA algorithm (Mouline & Charpentier, 1990). As a
result, the synthetic sentences replicated the prosody
of the original sentences, but contained only Dutch
phonemes. This procedure was performed through a
software program developed at IPO, Eindhoven. The
sentences were split into two blocks matched for syllabic
length (mean 15.5 syllables, range 10 to 23 syllables) and
duration (mean 2.7 seconds, range 1.6 to 4.1 seconds).

French and Turkish are matched on a number of pro-
sodic characteristics; in addition, we constructed pairs of
sentences which were matched for the position of word,
phonological phrase and intonational phrase boundaries
(so that characteristics like the mean number of syllables
per word, phonological phrase or intonational phrase
were identical between French and Turkish, in our cor-
pus). The only aspects which were not exactly matched
between sentences of a pair were the syllabic structure
and phonemic content. For these aspects, we computed
statistics on our corpus (see Table 1). French and Turk-
ish have similar syllabic repertoires, including V, CV,
CCV, VC, CVC, CCVC, VCC, CVCC, CCVCC, for both
languages, and some rare CCC onsets in French only.

We observed that the frequency with which these syllabic
types occurred was also similar in French and Turkish in
our corpus; CV and CVC accounted for more than 75%
of syllables in both languages. Regarding consonantal
types (by manner of articulation, since this is the only
information which was preserved in the resynthesis pro-
cess), we also observed similar distributions, the only
small difference being slightly more liquids and less
stops in French relative to Turkish.

 

Apparatus and procedure

 

Subjects were tested individually at the Maternité Port-
Royal, Paris. They were seated in a relax chair placed in
a sound-proof room and offered a standard (heat steril-
ized) pacifier. One experimenter, out of view of the baby
and deaf to the stimuli (listening to masking noise over
sound-proof headphones

 

5

 

), checked that the pacifier
stayed in the baby’s mouth throughout the experiment.
A second experimenter monitored the experiment on the
computer which recorded the pressure of the infant’s
sucks via an analogue-digital card (Data Translation),
detected the sucking responses on the basis of speed of
increase and decrease in sucking and an amplitude
threshold and delivered the sentences through an OROS
sound board according to the reinforcement schedule
(see below). The computer also saved both the moment
and amplitude of each suck as well as the stimuli trig-
gered by the sucks. Hesketh 

 

et al.

 

 (1997) reported that
the number of sentences triggered was a cleaner measure
than the number of sucking responses. Only this meas-
ure will be reported here.

The experiment started with a short baseline during
which the baby sucked on the pacifier but heard no sen-
tences (about 30 s). Next, the first phase of the experi-
ment began, during which infants heard sentences in
either Turkish or French (depending on the condition)
contingently upon their high-amplitude (HA) sucks.
During baseline and the first minute of the experiment,
the experimenter adjusted the sensitivity of the sucking
detection apparatus to ensure a correct rate of HA
sucks. After a short shaping phase, three HA sucks were
required to trigger each sentence (such that there was
less than one second between consecutive sucks). There
was an inter-stimulus interval (ISI) of at least 600 ms
between consecutive sentences. For each phase of the
experiment, the order of presentation of the sentences
was quasi-random and different for each baby (i.e. all
sentences were presented once in random order, then

 

4

 

Note that the stimuli are adult-directed speech: given the highly con-
strained nature of the stimuli, it would have been impossible to obtain
a set of well-matched sentences with naturally produced infant-directed
speech. However, many successful language discrimination experiments
were performed with adult-directed speech (e.g. Nazzi, Bertoncini &
Mehler, 1998), and there is therefore no reason to think that very young
infants fail to pay attention to the prosody of adult-directed speech.

Table 1 Frequency of occurrence of different syllabic types
and consonantal types in the French and Turkish sentences
from our corpus

 

Syllabic types: CV CVC CCV V VC CCVC Other syllabic 
types

French 52% 23% 9% 6% 4% 4% <1%
Turkish 57% 29% 3% 4% 5% 2% <1%

Consonantal types: liquids stops nasals fricatives semi-vowels

French 26% 31% 16% 21% 6%
Turkish 17% 37% 20% 19% 7%

 

5

 

The masking noise was made using several superimposed streams of
continuous speech (‘babble noise’). It sounds like cocktail party noise,
and is very efficient in masking speech stimuli.
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reshuffled and presented once more, and so on to the
end of the phase).

Each infant received two changes in stimulation, one
experimental (language) change, and one control change
(change of  sentences within the same language). Half
the infants received the experimental change first and the
control change second and the other half  received the
control change first and the experimental change second.
In addition, the order of presentation of languages was
counterbalanced across subjects. This yielded the following
four conditions: 1. French, Turkish, Turkish; 2. Turkish,
French, French; 3. French, French, Turkish; 4. Turkish,
Turkish, French.

A switch in stimulation occurred as soon as a pre-
defined habituation criterion had been met. For two con-
secutive minutes the infant’s HA sucking rate had to be
less than 80% of the maximum number of HA sucks per
minute, counting from the beginning of the experiment
but excluding the very first minute of stimulation. In
addition, the first switch of stimulation could not occur
until the baby had shown a sufficient level of activity (at
least 20 HA sucks in at least one minute). Finally, at
least one sentence had to be triggered during the last
minute before a switch in stimulation, to avoid having a
silent period between two phases. Each phase of the
experiment lasted at least 5 full minutes.

 

Subjects

 

Sixteen infants aged between 6 and 12 weeks (mean age:
62.5 days) successfully completed the experiment (4 in
each subcondition). In addition, 23 infants were tested
but their data were excluded from the final analysis for
the following reasons: completed one switch only (6);
cried (13); sucked at low amplitude or not at all (2); fell
asleep (2). Subjects were randomly assigned to one of
the four conditions prior to testing. All infants had a
monolingual French background.

 

Results

 

The number of sentences triggered per minute was ana-
lyzed. To assess the effect of the experimental manipula-
tion, we compared the increase in response rate for the
Experimental switch (i.e. change in language) to the in-
crease in response rate for the Control switch (i.e. change
of sentences within the same language). This comparison
was within-subject. Two dishabituation scores were com-
puted for each baby: the Experimental dishabituation score
was the mean response rate for two minutes after the
Experimental switch minus the mean response rate for
two minutes before this switch; the Control dishabituation

score was the same measure for the Control switch. Fig-
ure 3 shows mean Experimental and Control dishabituation
scores.

An ANOVA was performed, using as dependent
measure the Experimental and Control dishabituation
scores. The main Experimental factor was within-subject
(Experimental vs. Control switch) and there were also
two between-subject counterbalancing factors, Order
(Experimental switch first, versus Control switch first)
and Language (French first vs. Turkish first). The analysis
showed a significant effect of the Experimental factor
(

 

F

 

(1, 12) = 7.4, 

 

p

 

 < .02), indicating that infants increased
their response rate more in the Experimental than in the
Control switch. The counterbalancing factors showed
no significant main effect, nor did they interact with the
Experimental factor. In addition, a non-parametric test
was also performed on the same data, since the number
of infants is relatively small: a discrimination index was
computed for each infant, as the difference between the
Experimental and the Control dishabituation scores; a
non-parametric Wilcoxon signed rank test showed that
the median of the discrimination indices was signific-
antly above 0 (

 

Z

 

 = 2.2, 

 

p

 

 < .03), indicating that most
infants dishabituated to the Language switch more than
to the Control switch.

These results show that French infants aged between
6 and 12 weeks hear a difference between French and

Figure 3 Results of a non-nutritive sucking experiment with 
16 2-month-old French infants. Each infant listens to two 
switches of stimulation: one Experimental (language change) 
and one Control (change of sentences within the same 
language). For each switch of stimulation, a dishabituation 
score is computed: the difference between the mean number 
of sentences triggered 2 minutes after and 2 minutes before the 
switch. The graph represents mean Experimental and Control 
dishabituation scores (each error bar represents one standard 
error of the mean above and below the mean).
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Turkish sentences that were resynthesized in order to
remove phonemic information. Recall, in fact, that all
phonemes from the original French and Turkish sen-
tences were replaced by Dutch phonemes. We thus know
that infants did not react to a difference in phonemes.
We carefully selected French and Turkish for our experi-
mental test, because they are matched on all factors which
are thought to influence language prosody (namely, word
stress, vowel reduction, syllabic structure). In addition,
the sentences in French and Turkish were matched on
word, phonological phrase and intonational phrase
boundaries, so that characteristics like the number of
syllables per word or per phonological phrase were
identical in our French and Turkish sentences. Even the
frequencies of syllabic and phonemic types (which were
not exactly matched in our sentence pairs) were similar
in our corpus. The most likely interpretation of the
present experiment is therefore that infants discriminated
between sentences in French and in Turkish on the basis
of the prosodic difference linked to prominence within
phonological phrases. This in turn lends plausibility to
the hypothesis that infants may rely on prosodic informa-
tion in order to decide whether their language is head-
initial or head-final. This prosodic information is available
to young infants before the end of the first year of life,
and might therefore be used in the acquisition of the
syntax of their native language.

 

Conclusion

 

In this paper, we presented a prosodic bootstrapping
hypothesis for setting the head-direction parameter: if
infants can perceive prominence within phonological
phrases, they may decide whether their maternal lan-
guage is head-final or head-initial on the basis of pro-
sodic information only. We presented an experiment that
suggests that infants may be sensitive to precisely that
prosodic information before the end of the first year of
life: 2- to 3-month-old infants were able to distinguish
between sentences in French (head-initial) and Turkish
(head-final), even though these sentences had been re-
synthesized to take phonemic information away, leaving
solely prosodic information.

The experiment presented in this paper shows that a
first prediction of our hypothesis was borne out: we have
observed that both infants and adults can distinguish
between sentences from French and Turkish, presumably
on the basis of some prosodic difference resulting from
the fact that French is head-initial while Turkish is head-
final. This experimental result makes our hypothesis
more plausible: it could indeed be the case that infants
decide about the relative order of heads and comple-

ments in their native language on the basis of its prosody,
sometime during the first year of life. However, the pre-
sent result is not a proof that infants actually decide about
their language’s word order by listening to its prosody.

To further confirm the plausibility of our hypothesis
we can carry out a detailed study of  the acoustic
correlates of prominence within phonological phrases
across languages. Indeed, for our proposal to be valid,
we have to assume that prominence is detectable by
infants from a relatively uninformed analysis of whole
sentences. This would be impossible if, for instance,
prominence was marked in a different way in each lan-
guage. Instead, we have to assume that across the lan-
guages of the world, there exist only a limited number of
ways to mark prominence. Once features which typically
mark prominence are established, then one may conduct
some experimental studies to check whether infants
are sensitive to them. In fact, one study of the acoustic
correlates of prominence is in progress, and results so far
suggest that prominence may be marked mainly through
raised pitch in head-final languages while it would be
marked mainly through increased duration in head-
initial languages (Avesani, Donati & Nespor, in prepara-
tion; Pierrehumbert, personal communication).

Finally, the idea that one part of syntax is available
through prosodic information contained in the signal
may become more plausible if  it does not constitute an
isolated case. The question we want to ask is thus
whether only the relative order of heads and comple-
ments is signaled through prosody, or other main syn-
tactic properties of languages could also be so signaled.
Nespor (2002) has put forward another such hypothesis,
namely, that the location of the main prominence within
intonational phrases (IP) may signal other word order
properties of languages. It is proposed that the location
of IP main prominence may give some information
about the relative freedom of occurrence of phrases
within a sentence. In languages with free word order, IP
main prominence is always final, while prominence in
other locations indicates that the language has strict
word order. The specific location of this prominence (e.g.
at IP left edges or in the middle of IP) would indicate in
which portion of the sentence different orders are allowed.
A relatively free word order may in turn give some infor-
mation about the obligatoriness of specific complements
(see also Donati & Nespor, in press). While the location
of  prominence within the phonological phrase may
cue the relative order of the constituents of a syntactic
phrase, the location of prominence within the intona-
tional phrase may cue the relative order of syntactic
phrases within a sentence.

An important aspect of the present prosodic boot-
strapping proposal is that the head-direction parameter
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could be set prelexically, without any knowledge of the
lexicon. This implies that as soon as infants comprehend
some words (around the age of 12 months, see Oviatt,
1980, or even before) they may start working on the
meaning of whole sentences. That is, knowing the basic
word order of  their language of  exposure and the
meaning of some words may allow them to understand
the meaning of at least some sentences and to start work-
ing on more complex ones.
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