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With the high-amplitude sucking procedure, newborns were presented with two lists of phonetically
varied Japanese words differing in pitch contour. Discrimination of the lists was found, thus indicating
that newborns are able to extract pitch contour information at the word level.

infant speech perception pitch neonates

From the acoustical point of view, prosody usu-
ally refers to dimensions such as the duration,
fundamental frequency or pitch contour, and
intensity of the elements that constitute the
speech wave. The close, although not perfect,
correspondence between prosody and structural
syntactic properties has prompted the proposal
of a theoretical framework, called the prosodic
bootstrapping hypothesis (Gleitman & Wan-
ner, 1982; Morgan & Demuth, 1996). This
hypothesis states that processing of prosodic
information facilitates the acquisition of some
structural properties of the language.

The proposal of the prosodic bootstrapping
hypothesis has enhanced interest in the study

of young infants’ sensitivity to prosodic prop-
erties. For example, regarding prosodic infor-
mation at the level of utterances and
sentences, Fernald & Kuhl (1987) showed that
intonational and rhythmic information deter-
mines young infants’ preference for infant-
directed speech over adult-directed speech. In
addition, Nazzi, Bertoncini & Mehler (1998)
found that rhythmic properties might play a
crucial role in newborns’ ability to discrimi-
nate between languages.

Infants’ sensitivity to prosodic information
at the word level has also been investigated.
Infants discriminated two words whose final
vowels differed either in duration (Eilers, Bull,
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Oller & Lewis, 1984), amplitude (Bull, Eilers
& Oller, 1984), mean fundamental frequency
(Bull, Eilers & Oller, 1985) and fundamental
frequency contour (Karzon & Nicholas,
1989). Infants’ processing of prosodic infor-
mation may also interact with their processing
of other linguistic dimensions. For example,
two-month-old infants discriminated a conso-
nant contrast in both stressed and unstressed
syllables of bisyllabic words (Jusczyk &
Thompson, 1978), but discriminated a similar
consonant contrast only if it appeared in the
stressed syllable of trisyllabic words (Karzon,
1985). All of the above experiments establish
infants’ sensitivity to prosodic characteristics
at the word level. However, these results,
obtained in simple discrimination tasks
involving the presentation of only two con-
trasting stimuli, leave open the possibility that
infants have only been reacting to very low-
level acoustic differences.

Is it then the case that infants are able to
extract from varied sets of speech stimuli
those prosodic characteristics to which they
are sensitive? One way to address this ques-
tion is to study infants’ ability to discriminate
between two lists of phonetically varied stim-
uli, each list exemplifying a different facet of
the property investigated. Given infants’ abil-
ity to discriminate phonetic contrasts (see Jus-
czyk, 1997, for a review), discrimination in
this paradigm is assumed to indicate two
things: First, infants have extracted, across the
phonetic variability, the property shared by the
stimuli within a list; second, they used this
stored information to contrast the two lists
(see Bijeljac-Babic, Bertoncini & Mehler,
1993, for a discussion of this assumption).
Using a similar procedure, Sansavini, Berton-
cini & Giovanelli (1997) established that Ital-
ian newborns extract the accentual pattern of
Italian words.

In the present study, we investigate whether
newborns are sensitive to the pitch contour of
words and whether they can extract this infor-
mation from lists of words. Specifically, we
tested French-born newborns’ ability to dis-
criminate two lists of Japanese phonetically

varied bisyllabic words that differ in pitch
contour (descending versus ascending). Japa-
nese was chosen because pitch contour is lexi-
cally-specified in this language, resulting from
the succession of the high- and low-pitched
morae' which constitute the words. Japanese
also allowed for a perfect control of the pho-
netic inventory of the two lists in providing
pairs of words made up of the same phonemes
but different pitch contours (and meanings).
Discrimination of the lists would suggest that
newborns can extract the pitch contour charac-
teristics of words, and use this information to
compare lists of words.

A total of 121 healthy, full-term newborns
were tested at the Baudelocque Maternity
Hospital (Paris, France). Forty infants (15
girls and 25 boys) completed the experiment.
When test took place, their mean age was 68 h
(SD = 24). Eighty-one infants were excluded
for the following reasons: falling asleep (34),
rejecting the pacifier or crying (15), irregular
or insufficient sucking (17), failing to achieve
the familiarization criterion within 18 min
(15).2

Two lists of 24 bisyllabic (bimoraic) Japa-
nese words were recorded by a female native
speaker and stored in a digital form on the
computer running the experiment. One list
consisted of High-Low (H-L) words and the
other of phonetically identical Low-High (L-
H) words. The words used were: /ame/, /eki/,
/huri/, /hashi/, /iki/, /ishi/, /jiku/, /joshi/,
/kaki/, /kame/, /kami/, /kiji/, /mane/, /nari/,
/momi/, /oki/, /rokw/, /tashi/, /toki/, /toshi/,
fumi/, furi/, fwaki/, /yuki/.

Mean duration, fundamental frequency
and energy (root mean square) of the first and
second syllables were calculated for the two
lists of words (see Table 1). These analyses
show significant differences in pitch contours
between the two types of words. They also
show that the decrease in energy between the
two syllables, found for both types of words,
is more pronounced for the H-L words than
for the L-H words.

Infants were placed in a reclining seat
located in a sound-attenuated room. They
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TasLE 1
Acoustic analysis of the stimuli

High-Low words

Low-High words

Sy”. 7 syII.Z HLdiff Sy//. 1 syII.Z LHdiff LHd‘-ﬂ - HLdiff

FO (H2) M 199.8 141.0 -58.7 155.2 1944 39.2 97.9%>*

SD 11.8 13.4 13.8 6.1 8.0 10.5 19.3
duration (ms) M 176.9 2584 81.5 179.6  265.9 86.3 4.9

SD 53.4 42.2 78.8 52.6 40.1 80.9 43.8
energy (RMS) M 60.2 50.7 -9.5 57.9 54.0 -3.9 5.6%**

SD 3.9 8.1 6.8 33 7.2 6.6 2.3
*** p<.001

were given a pacifier, held by a mechanical
arm, which was connected to a computer via a
pressure transducer and an analog-to-digital
board. The computer detected each suck, sav-
ing its amplitude and time of occurrence.
Sucks above a specified amplitude, whose
value was the same for all subjects and corre-
sponded to about 80% of all sucks, were con-
sidered of high-amplitude (HA). Even though
the computer entirely controlled the experi-
ment, additional precautions were taken to
avoid bias from the experimenter. The experi-
menter sat out of sight and reach of the infants,
and could only intervene to readjust the paci-
fier before the last 5 min of familiarization
(their data being otherwise discarded).

The experiment started with a 2-min base-
line during which the infants’ sucking rates in
silence were registered. The familiarization
period then began, during which stimuli were
randomly picked out of one of the lists and
delivered contingently upon HA sucks via a
stereo amplifier and two loudspeakers. How-
ever, if the infant sucked continuously, the
maximal rate of stimulus presentation was of
one stimulus every 1200 ms. The familiariza-
tion period lasted at least 5 min, ending when
a 25% decrement in sucking rate over 2 con-
secutive minutes compared to the rate of the
immediately preceding minute was reached.
The list of stimuli was then changed for the
infants in the experimental group, while

infants in the control group continued to be
presented with the same list. The test period
lasted 4 min.

Ten subjects were randomly assigned to
each of the 4 sub-groups resulting from the
crossing of the factors Condition (control vs.
experimental) and Order (L-H words first vs.
H-L words first): HL-HL, LH-LH, HL-LH,
LH-HL.

The average sucking rates of the experi-
mental and control groups (collapsed across
Order) are displayed in Figure 1. Several anal-
yses of variance (ANOVAs) with the main fac-
tors of Condition and Order were conducted to
verify that these factors did not affect infants’
behavior before the switch. Neither factor
affected the mean duration of the familiariza-
tion phase [F(1, 36) < 1 for both factors] and
the HA sucking rates during baseline and the
last 5 and 2 preshift minutes [Condition: F(1,
36) = 1.23, p = .27 for the baseline; F(1, 36) <
1 for the other 2 periods; Order: F(1, 36) < 1
for all periods].

To evaluate the effect of the change of
stimuli, the last 2 preshift minutes were com-
pared with the first 2 postshift minutes. These
comparisons revealed a significant increase in
sucking rates in the experimental group [F(1,
19) = 9.87, p = .005], and no difference in the
control group [F(1, 19) < 1]. The significant
interaction between Shift (2 last preshift min
vs. 2 first postshift min) and Condition [F(1,
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FiGure 1
Sucking-rate averages during baseline (BL), last 5 min of familiarization (-5 to =1), and 4 min of test
{+1 to +4) for the experimental and control groups.The bars above and below each point indicate

the standard error of the mean.

38) = 5.15, p = .03] indicated that sucking
recovery was significantly larger in the experi-
mental group than in the control group.? More-
over, the interaction between Condition, Shift
and Order did not reach significance [F(1, 36)
< 1], indicating that Order had not signifi-
cantly influenced the way infants had reacted
to the stimulus change.

This experiment shows that newborns can
discriminate lists of bisyllabic Japanese words
that differ in pitch contour, extending to new-
borns the earlier findings by Bull et al. (1985)
and Karzon and Nicholas (1989). Moreover,
given that infants were presented with phonet-
ically varied word lists, discrimination is
assumed here to reflect that newborns
extracted the common pitch contour dimen-
sion of the words in each list. It is also
assumed that their response was based on the
comparison between stored information about
the pitch contour of the familiarized list of

words and that of the incoming words of the
test phase.

Second, the fact that the subjects were born
from French-speaking families suggests that
this pitch sensitivity does not result from pre-
natal or brief postnatal exposure to speech, as
the pitch dimension does not differentiate lexi-
cal entries in French (although similar but
unsystematic variations can occur). We sug-
gest that this sensitivity is part of the universal
repertory of infants’ innate abilities.

Finally, future research will have to address
issues raised by our finding regarding early
lexical acquisition and lexical processing by
adults. First, if the existence of a correlation
between ascending pitch contours and word
boundaries in Japanese (suggested by an
inspection of the data of Kuribayashi, 1996) is
confirmed, do Japanese-learning infants ini-
tially use this regularity to extract words from
fluent speech, similarly to the way English-
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learning infants use the lexical stress pattern
regularities of English in early word segmen-
tation (see Jusczyk, 1997, for a review)? Sec-
ond, does the evolution of pitch sensitivity
differ according to whether the language
acquired uses pitch to contrast lexical entries,
or does not? Such a phenomenon has been
found for the sensitivity to another prosodic
dimension: accentuation (Dupoux, Pallier,
Sebastian & Mehler, 1997).

In conclusion, this study shows that new-
borns can discriminate lists of phonetically
varied Japanese words that differ by their pitch
contour. These results, together with those of
Sansavini et al. (1997), suggest that newborns
can extract and store prosodic information
about the accentuation pattern and pitch con-
tour of words.
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NOTES

Thierry Nazzi is now at University of California at
Berkeley; Caroline Floccia is now at Université
de Franche-Comté, Besancon; Josiane Berton-
cini is now at Laboratoire Cognition et Dével-
oppement, CNRS-Paris V.

1. The mora is the rhythmic unit of spoken Japa-
nese and the written unit of Japanese kana
orthographic system. Many morae correspond to
syllables (V, CV), but there are 3 types of sub-
syllabic morae: vowel lengthening (as in CV-V),
post-vocalic nasals (as in CV-N) and geminate
consonant (as in CV-Q).

2. High attrition rates are common with the HA
sucking procedure, due to newborns’ unstable
states of awakening. For example, to include 40
infants in the final analyses, 108 (van QOoijen et
al., 1997), 91 and 92 (Nazzi et al., 1998, Exp. 1
and 2) newborns were tested.
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3. ANOVAs including the third and fourth minutes
of test showed non-significant interactions
between Shift and Condition, a usual result in
this procedure which indicates that the infants’
reaction to the change of stimuli is transient.
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