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Abstract

 

The nature and origin of the human capacity for acquiring language is not yet fully understood. Here we uncover early roots of
this capacity by demonstrating that humans are born with a preference for listening to speech. Human neonates adjusted their
high amplitude sucking to preferentially listen to speech, compared with complex non-speech analogues that controlled for critical
spectral and temporal parameters of speech. These results support the hypothesis that human infants begin language acquisition
with a bias for listening to speech. The implications of these results for language and communication development are discussed.

 

Introduction

 

Learning how to communicate depends crucially on the
ability to select meaningful signals from the environment.
For human infants, this requires selectively attending to
those auditory (or visual) units that carry communicative
content, a problem made complex by the richness of the
infant’s world. Many animals filter their rich acoustic
world through a general predisposition for the vocali-
zations of  conspecifics (members of  the same species),
a selectivity which, in some cases, is evident even at birth
(e.g. Marler, 1990). Do humans show a similar early bias
for listening to speech? A bias for listening to speech would
provide a potential sieve through which newborns could
glean the acoustic signals important for communication.

At birth, infants already have a remarkable facility for
discriminating and categorizing many aspects of human
language. For example, newborns are sensitive to word
boundaries (Christophe, Dupoux, Bertoncini & Mehler,
1994), distinguish between rhythmically dissimilar languages
(Mehler, Jusczyk, Lambertz, Halsted, Bertoncini & Amiel-
Tison, 1988; Nazzi, Bertoncini & Mehler, 1998; Ramus,
Hauser, Miller, Morris & Mehler, 2000), distinguish
between stress patterns of multisyllabic words (Sansavini,
Bertoncini & Giovanelli, 1997), categorically discriminate
lexical versus grammatical words (Shi, Werker & Morgan,
1999), and differentiate between good and poor syllable

forms (Bertoncini & Mehler, 1981). Moreover, infants
respond differentially to speech and non-speech. Neonates
are able to discriminate languages from different rhythmical
classes when the speech is played forwards, but not when
it is played backwards (Ramus 

 

et al

 

., 2000), suggesting that
this ability is based on particular properties of speech, and
not applicable to just any patterned complex sound.
Although at least some of these perceptual abilities may
not be unique to humans; for example, both rats (Toro,
Trobalon & Sebastián-Gallés, 2005) and tamarin monkeys
(Ramus 

 

et al

 

., 2000) can discriminate languages from
rhythmical classes in forward but not backwards speech,
only humans learn language, suggesting that some aspect(s)
of  the acquisition process must be unique to humans
(for candidates see Pinker & Jackendoff, 2005; Werker &
Vouloumanos, 2000). Moreover, speech and non-speech are
represented in different areas of the brain in humans:
Neuroimaging studies demonstrate that listening to forward
speech activates different areas of the infant brain than does
backwards speech, in both neonates (Peña, Maki, Kovacic,
Dehaene-Lambertz, Koizumi, Bouquet & Mehler, 2003) and
3-month-old infants (Dehaene-Lambertz, Dehaene & Hertz-
Pannier, 2002), though the areas of differential activation
differ in these two studies, suggesting that the neonatal brain
already discriminates between speech and non-speech sounds.

Despite evidence for differential processing for speech
and non-speech, a behavioural preference for the speech
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signal itself  has yet to be demonstrated in the neonatal
period. As Doupe and Kuhl (1999) note: ‘In humans, there
is no convincing experimental evidence that infants have an
innate description of speech’. In an often-cited methodo-
logical study, neonates favoured a stimulus that included a
speech component (folk music) over a non-speech condition
deliberately made unappealing (broadband white noise – the
unmodulated sound of radio static) (Butterfield & Siperstein,
1970). On the basis of this study, it was widely reported that
neonates prefer speech. However, the differences in spectral
and temporal parameters between speech and white noise
(modulated vs. invariant signals) (Eisenberg, 1976), and
the choice of a ‘speech’ condition that includes both vocal
and musical components, leave this question unanswered.

To investigate whether neonates demonstrate a bias for
speech, we presented infants with isolated syllables of
human speech contrasted with non-speech stimuli crafted to
control for infants’ sensitivity to critical spectral and tem-
poral parameters of speech. These stimuli had been used
in previous studies investigating listening preferences in
infancy, in which we demonstrated that infants as young
as 2 months old prefer listening to speech (Vouloumanos &
Werker, 2004). The speech signal is composed of concen-
trations of energy at multiple frequencies that change over
time (Figure 1C). Non-speech counterparts were modelled
on sine-wave analogues of speech (Remez, Rubin, Pisoni
& Carrell, 1981), and consisted of time-varying sinusoidal
waves that track the resonant centre frequencies (formants)
of natural speech to reproduce the changes in these fre-
quency peaks across time (Figure 1B). In reproducing the
main spectral and temporal changes in natural speech,
these complex non-speech analogues contrast sharply
with single-frequency tones (Figure 1A) and white noise
(Figure 1D), two types of  stimuli commonly used as
non-speech conditions (e.g. Butterfield & Siperstein,
1970; Eisenberg, 1976). In the present study, we investigate
whether human neonates show a bias for listening to speech
by comparing neonates’ contingent sucking responses in
eliciting speech and complex non-speech sounds.

 

Method

 

Participants

 

Twenty-two neonates (1–4 days old, 

 

M

 

 

 

=

 

 45.1 hr) were
recruited from a local hospital and tested in a high ampli-
tude sucking (HAS) procedure (Cooper & Aslin, 1990;
Eimas, Siqueland, Jusczyk & Vigorito, 1971). An additional
24 infants were not included for the following reasons:
falling asleep (1), failing to meet the sucking criterion
(8; see below), equipment failure (1), experimenter
interference (5), crying or fussing (2), rejection of pacifier

(3), sucking weakly (2) and hospital fire alarm ringing
during the experiment (2).

 

Stimuli

 

Speech stimuli

 

Speech stimuli consisted of four tokens of a monosyllabic
nonsense word (‘lif ’) spoken by a female native English
speaker. Tokens varied in intonational contour (average
minimum and maximum pitches 

 

=

 

 203 Hz, 325 Hz), and
in duration (average 

 

=

 

 665 ms). The limited variation in
phonetic information minimized differences between the
speech and non-speech stimulus sets.

 

Complex non-speech analogues

 

Non-speech stimuli consisted of time varying sinusoidal
waves tracking the main regions of significant energy, namely
the fundamental frequency and the first three formants
of  speech (stimulus creation has been reported in
Vouloumanos, Kiehl, Werker & Liddle, 2001; Vouloumanos
& Werker, 2004). Non-speech analogues retained the
duration, pitch contour, amplitude envelope, relative
formant amplitude, and relative intensity of their speech
counterparts. The two stimulus types differed in voice
quality (non-speech analogues have none), in naturalness
or biological quality (non-speech analogues are artifacts),
and in the characteristics of the source (speech has one
source, the vocal tract, while non-speech analogues have
four, one per sinusoidal tone). However, and crucially for
the question asked in the current study, the non-speech
analogues track changes across time for the peak fre-
quencies of their speech counterparts, and in so doing,
follow very closely the spectral and timing changes of
natural speech. The signals were further equated for
infant ears by retaining the fundamental frequency that
carries information about pitch contour of the speech
counterparts, because pitch contour contributes impor-
tantly to infants’ preference for infant-directed speech
(Fernald & Kuhl, 1987), and discrimination of their
native language (Nazzi, Floccia & Bertoncini, 1998).

 

1

 

Design and procedure

 

Approximately 2 hours after feeding, neonates were pre-
sented with a sterilized pacifier coupled to a pressure

 

1

 

 The addition of the fundamental frequency is detrimental to the
perception of traditional sine-wave analogues (Remez & Rubin, 1993).
However, omitting this pitch information from the non-speech
analogues would render the comparison trivial for infants, since this
dimension alone would predispose the infants towards speech.
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Figure 1 Comparison of acoustic properties of speech and non-speech stimuli. Wide-band spectrograms (left) depict the change 
in frequency across time, and waveform diagrams (right) illustrate the amplitude changes across time in pressure units; (A) single 
frequency tones, (B) sample token of complex non-speech used in this study, (C) sample speech token used in this study, and 
(D) white noise. The changes in frequency across time of the speech signal can also be observed in the complex non-speech 
sounds whereas this time-varying property is absent from the other sounds.
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transducer. Following one silent baseline minute, during
which each individual infant’s sucking amplitude range was
established, neonates were presented with a sound stimulus
every time they delivered suction in the upper 80% of their
sucking amplitude range. The presentation of speech and
non-speech stimuli alternated every minute, and the 8
minutes post-baseline were submitted to analysis.

To ensure that infants had enough exposure to hear
the different sounds and learn the contingency, it was
necessary to implement criteria for an acceptable mini-
mum number of HA sucks. First, infants were excluded
from the analysis if  they had any experimental minutes
in which they delivered 0 HA sucks. This ensured that
newborns whose data were analyzed would hear at least
one sound in each experimental minute. Second, in order
to ensure that enough sounds were heard at the beginning
of the study for the infants to demonstrate a potential
preference, we excluded infants who delivered fewer than
10 HA sucks in each of the first four experimental minutes
(Floccia, Nazzi & Bertoncini, 2000).

 

Results

 

Based on previous studies with neonates using this
HAS procedure in which differences emerged in the latter
part of the experiment (Floccia 

 

et al

 

., 2000; Sansavini 

 

et al

 

.,
1997), the experimental phase was examined as two blocks.
A 2 (sound type: speech vs. non-speech) 

 

×

 

 2 (stimulus block:
first 4-min block vs. second 4-min block) 

 

×

 

 2 (order: speech
first vs. non-speech first) mixed analysis of variance
(ANOVA) indicated no main effect of sound type and no
main effect of order. A main effect of block (

 

F

 

(1, 20) 

 

=

 

4.70, 

 

p

 

 

 

=

 

 .042) revealed a higher number of sucks in the
first block (

 

M

 

 

 

=

 

 74.4, 

 

SE

 

 

 

=

 

 4.52) than the second block
(

 

M

 

 

 

=

 

 68.2, 

 

SE

 

 

 

=

 

 3.51) overall. There was no main effect
of sound type; however, there was a significant interaction
between sound type and experimental block (

 

F

 

(1, 20) 

 

=

 

6.68, 

 

p

 

 

 

=

 

 .018); planned comparisons on sucking rates in
each of the two blocks showed that neonates sucked sig-
nificantly more to listen to speech (

 

M

 

 

 

=

 

 73.0, 

 

SE

 

 

 

=

 

 3.49)
than to complex non-speech analogues (

 

M

 

 

 

=

 

 63.5, 

 

SE

 

 

 

=

 

4.31) in the second experimental block (

 

t

 

(21) 

 

=

 

 2.84,

 

p

 

 

 

=

 

 .010) (Figure 2). Means in the first block were not
significantly different from each other (

 

t

 

(21) 

 

=

 

 1.18, 

 

ns

 

).
The emergence of the effect of interest within the second
block is consistent with other HAS studies.

 

Discussion

 

This study provides the first demonstration that human
neonates are biased to listen to speech. This bias is

consistent with initial proclivities, widespread in the animal
kingdom, that direct animals towards particular types of
auditory and visual information (e.g. Gould & Marler,
1987; Johnson, Bolhuis & Horn, 1992; Lorenz, 1965;
Marler, 1990; Ryan, Phelps & Rand, 2001). Previous
research had shown that infants process speech differently
than non-speech; for example, they are better able to dis-
criminate languages when speech is played forwards rather
than backwards (Mehler 

 

et al

 

., 1988; Ramus 

 

et al

 

., 2000)
even when the speech is low pass filtered (Mehler 

 

et al

 

.,
1988; Nazzi 

 

et al.

 

, 1998), or when every syllable is replaced
with the consonant-vowel sequence /sa/ (Ramus, 2002), and
they recruit differential neural resources for speech and
non-speech processing (Dehaene-Lambertz 

 

et al

 

., 2002;
Peña 

 

et al

 

., 2003). The present research focuses on a different
aspect of speech and non-speech processing: whether infants
show a behavioural bias for listening to speech. We compare
neonates’ listening preferences for speech to complex
non-speech stimuli, and find a bias for listening to speech.
This bias may confer an adaptive advantage by tuning
humans to the communication signal of their conspecifics,
and hence facilitate more in-depth processing and rapid
learning of the specific attributes of the native language.

More than simply conferring an advantage, there is some
evidence that a bias for speech in infancy may be essential
for developing normal language abilities, as recent studies
demonstrate that children with autism spectrum disorder
(ASD) fail to show a preference for speech when it is com-
pared with either an unresolvable stimulus composed of
superimposed voices (Klin, 1991) or a complex non-speech
stimulus composed of three sine-waves, similar to the non-
speech counterpart of the current study (Klin, 1991; Kuhl,
Coffey-Corina, Padden & Dawson, 2005). Instead, children

Figure 2 Neonates’ HAS for speech and complex non-speech 
sounds. Neonates sucked significantly more to listen to speech than 
to complex non-speech analogues in the second experimental block.
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with ASD seem to show a preference for non-speech, the
degree of which correlates significantly with ASD sympto-
mology, especially with respect to expressive language
abilities (Kuhl 

 

et al

 

., 2005). Although this evidence is neces-
sarily correlational, it is suggestive of the important role
a bias for speech may play in normal language development.

The discovery of a neonatal bias for speech suggests
several important questions. First, whence originates this
neonatal bias for speech: is the bias rooted in prenatal
experience with speech, or is it experience-independent?
Previous studies have revealed neonatal preferences that
are clearly experience-based, such as an attraction to the
mother’s voice (DeCasper & Fifer, 1980) and to the native
language (Mehler, Bertoncini & Barriere, 1978; Moon,
Cooper & Fifer, 1993). Though these specific preferences
are unequivocally experience-based, a more general bias
for speech, in its potential human universality, may not be.
Indeed, evidence for innate conspecific preferences in other
species suggests that a bias for speech might be a tantaliz-
ing candidate for an experience-independent human bias.

Second, what aspect of  speech is the bias based on?
In the case of duckling preference for conspecific calls,
specific spectral and temporal aspects of the duck call
are crucial. When conspecific calls are contrasted with a
heterospecific foil similar in repetition rate and funda-
mental frequency, ducklings show no preference (Gottlieb,
1997). The neonatal speech preference could be based on
a number of dimensions, ranging from low-level acoustic
properties to higher-level abstract properties. For example,
the sheer complexity of an acoustic stimulus can drive
newborn and foetal physiological arousal for sounds;
stimuli rich in spectral characteristics or patterned in
temporal properties elicit greater changes in EMG (Hutt,
Hutt, Lenard, van Bernuth & Muntjewerff, 1968), EEG
(Lenard, von Bernuth & Hutt, 1969), and heart rate
(Clarkson & Berg, 1983; Groome, Mooney, Holland,
Smith, Atterbury & Dykman, 2000). Like other biologic-
ally special stimuli, such as faces or biological motion,
attempts to create non-biological analogues must by
necessity eliminate at least some of  the characteristics
of the original stimulus. Questions always remain as to
whether the particular characteristics that were elimin-
ated were the most important to maintain, or whether
in mimicking the biological signal, one particular cue
was highlighted over others. Though our complex non-
speech stimuli preserve many of the spectral and temporal
aspects of speech, they were composed of narrow fre-
quency bands and thus necessarily lacked the broadband
frequency information of speech. The relative acoustic
complexity of speech may thus contribute to the neonatal
preference observed in the current study. However, a
preference for speech might stem from higher-level aspects
of the speech stimulus, such as its human source, its bio-

logical origin or its intention to communicate. Studies
are under way to investigate these possibilities.

Despite these remaining questions, a neonatal bias for
speech is one important tool available at birth for learning
language. Initial biases may be elaborated by experience
to refine the perceptual preferences of developing organ-
isms (e.g. Gottlieb, 1997; Werker & Tees, 1992). Indeed,
the attraction to speech persists into the first few months
of life (Vouloumanos & Werker, 2004) and may include
communicative gestures in other modalities such as signed
language (Krentz & Corina, in press). A speech bias, com-
bined with established experience-based preferences for the
mother’s voice and native language, could provide human
neonates with powerful tools for selecting and learning
about communication signals from their rich environment.
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Constructing adequate non-speech analogues: what 

 

is

 

 special 
about speech anyway?

 

Stuart Rosen and Paul Iverson

 

Department of Phonetics and Linguistics, UCL, London, UK 

 

This is a commentary on Vouloumanos and Werker (2007).

 

Abstract

 

Vouloumanos and Werker (2007) claim that human neonates have a (possibly innate) bias to listen to speech based on a
preference for natural speech utterances over sine-wave analogues. We argue that this bias more likely arises from the strikingly
different saliency of voice melody in the two kinds of sounds, a bias that has already been shown to be learned pre-natally.
Possible avenues of research to address this crucial issue are proposed, based on a consideration of the distinctive acoustic
properties of speech.

 

There has been long-standing interest in the notion that
speech sounds have a privileged position in human
audition, and in the extent to which auditory process-
ing is common or distinct for speech and non-speech
sounds. Much work comparing the processing of speech
and non-speech has involved the construction of non-
speech analogues (e.g. see Mody, Studdert-Kennedy &
Brady, 1997). What has become strikingly clear, particu-
larly in investigations of functional neuro-imaging (e.g.
Scott, Blank, Rosen & Wise, 2000) is that the conclusions
that can be drawn from any particular such study depend
crucially on the properties of the comparison non-speech
analogues. Strictly speaking then, only one claim can be
supported by the results of Vouloumanos and Werker
(2007) – that human neonates prefer to listen to full-blown
speech sounds in comparison to sine-wave analogues.
Their much more profound claim ‘that human neonates
are biased to listen to speech’ can only be upheld to the
degree to which their non-speech analogues are seen to
be adequate. In fact, we believe them to be poor con-
trols, because the original speech stimuli convey a strong
and salient percept of voice melody that is very nearly
absent in the non-speech analogues.

Three of the speech sounds used by V&W, and their
non-speech analogues, are available in the online supple-
mentary material (Figure S1). Even casual listening to
the speech reveals the strikingly salient voice pitch of the

talker, whose exaggerated melodic contours seem more
appropriately aimed at a child than an adult. The non-
speech analogues, on the other hand, sound much more
similar to one another, with little or no sense of a
melodic contour. V&W did include the voice pitch con-
tour of the talker as a separate sinusoidal component (a
departure from the standard means of constructing sine-
wave speech), but only careful and analytic listening will
reveal its presence. This is hardly surprising given the
differences between the two sets of stimuli in the way in
which voice pitch is signalled. As the spectrograms in
Figure 1 show, the speech signal contains many harmonics
through the entire frequency range of  the speech, at
multiples of the fundamental frequency (the crucial
determinant of the percept of voice pitch). However, the
representation of voice pitch in the non-speech analogue
is only through a single component. Moreover, this com-
ponent is in a low-frequency region that is relatively
unimportant for speech intelligibility, and where human
hearing is less sensitive compared to higher frequencies.
Remez and Rubin (1984) have already noted that sine-
wave sentences are perceived to have a weird intonation
determined by the tone representing the first formant,
even with the presence of an extra component at the
fundamental frequency.

Given this crucial difference between the non-speech
analogues and the speech, we might just as well claim,
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then, that ‘human neonates are biased to listen to sounds
with a strong voice melody’. Once this possibility is
acknowledged, then the suggestion that the bias may be
innate is easily refuted. Previous work has suggested
that the intonation and rhythm of a mother’s voice are
learned in the womb, such that newborns prefer their
mother’s voice over other mothers’ voices (Decasper &
Fifer, 1980) and prefer speech spoken in their mother’s
language to speech spoken in a language from a different
rhythmic class (Moon, Cooper & Fifer, 1993; see also
Mehler, Jusczyk, Lambertz, Halsted, Bertoncini &
Amiel-Tison, 1988; Nazzi, Bertoncini & Mehler, 1998).

A claim that there is an innate bias to listen to speech
must thus provide a better control for learning of pitch
and rhythm.

So what kinds of comparisons might prove useful in
establishing whether or not infants have a bias for
speech? One possible approach, based on the 

 

source-filter

 

theory of speech production, is to identify what is evolu-
tionarily innovative in the acoustics of human speech
different to animal vocalizations. It is perhaps not too
much to claim that the main communicative aspects of
animal vocalizations concern variations in the 

 

source

 

 of
sound production, that is, the patterning of periodic and
aperiodic sounds, and the fundamental frequency when
the sound is periodic. Source variations are also primarily
(but not wholly) responsible for the amplitude modulations
in speech. On the other hand, there is little or no evidence
for the communicative use in animals of the spectral
dynamics that arise from the variations in the filtering
exacted by the moving vocal tract. (This is not to say
that animals cannot be sensitive to filter-based aspects
of  spectral shape which may be indicative of  size or
identity, but these cues are static – see Fitch, 2000, for a
review). Sensitivity to spectral dynamics can be readily
argued to be the 

 

sine qua non

 

 of  human speech percep-
tion, both necessary (Rosen, 1992) and sufficient (Shan-
non, Zeng, Kamath, Wygonski & Ekelid, 1995),
although certainly not complete.

It might therefore be interesting to assess the preference
of  infants for various sounds which manipulate the
presence or absence of various acoustic features. Algo-
rithms based on sine-wave speech prove to be particularly
manipulable in this regard (e.g. Scott, Rosen & Wise,
2005). Replacing the formant-tracking sine waves with
bands of noise leads to sounds that cohere more readily,
and hence, are more intelligible than sine-wave speech
itself  (and presumably, are better analogues to speech).
We could then ask, for example, whether infants, in the
absence of a periodic source, prefer sounds with dynamic
formant variation to steady-state formants, even in the
presence of natural amplitude variations. Or whether they
prefer such sounds based on real sentences (hence intellig-
ible to an adult listener), or ones which combine the formant
tracks from one sentence with the amplitude variations of
another, leading to speech-like, but unintelligible, sounds
(Figure 2, with audio examples in the online supplementary
Figure S2). Or whether sounds with amplitude variation
are preferred to those with spectral modulations. One could
also pit the ‘attractiveness’ of melodic pitch variations
against amplitude and spectral envelope modulations, by
exciting the formant-like spectral prominences in these
sounds with a natural source of periodic and aperiodic
sounds (see Figures S3 and S4 in the online supplementary
material for audio examples).

Figure 1 Examples of the sounds used by V&W in their study, 
along with the fundamental frequency (Fo) contour extracted 
directly from the speech sound. The top two panels are 
narrow-band spectrograms. Note the multitude of harmonics 
representing the fundamental frequency in the speech sound. 
To listen to these sounds, go to Figure S1 in the online 
supplementary material.
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In our view, any reasonable approach to unravelling
the nature of infants’ auditory preferences must take
account, at least, of the role of modulations in these three
essential features of speech: fundamental frequency,
amplitude and spectral shape. It seems likely that, insofar
as they are evolutionarily earlier, features associated
with fundamental frequency/voice pitch and amplitude
modulations are likely to be attended to first, even though
apprehension of spectral modulations is essential for
language acquisition. Sensitivity to voice pitch and
amplitude are also essential in providing auditory feed-
back to the developing infant, so as to develop efficient
and strong vocal fold vibration, the framework upon
which speech production is built (Fourcin, 1978).
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Figure S3.

 

 Manipulations of ‘pitchiness’ in simple two-
formant versions of speech.

 

Figure S4.

 

 Various combinations of source and filter
properties in two-formant versions of speech.
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(This link will take you to the article abstract).
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Why voice melody alone cannot explain neonates’ preference 
for speech
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This is a response to the commentary on Vouloumanos and Werker (2007) by Rosen and Iverson (2007). 

 

Are humans born with a bias for listening to the vocal-
izations of their species? In Vouloumanos and Werker
(2007, this issue), we present data demonstrating that
from birth, the human infant prefers listening to speech,
compared with non-speech sounds that mimic spectral
and temporal properties of speech. Rosen and Iverson
(2007, this issue) criticize this interpretation, first argu-
ing that the preference we have shown is based on voice
melody rather than speech 

 

per se

 

; second, they argue
that such a voice melody preference likely stems from
prenatal learning, rather than from an innate bias – a
claim we didn’t make in Vouloumanos and Werker, but
that is addressed by new data we present here.

Turning to Rosen and Iverson’s first point, although
we agree that a voice melody account of  newborns’
preference for speech is not altogether impossible, we
find it implausible. Voice melody, or pitch, is the subjective
highness or lowness of a sound as perceived by the
human ear. Although pitch extraction is not fully under-
stood (e.g. Patel & Balaban, 2001), in natural speech,
pitch is generally perceived as the fundamental fre-
quency (F0) of an utterance, which is the frequency with
which a particular speaker’s vocal folds vibrate (typically
around 200 Hz for a woman’s voice). Because of reson-
ance properties of sound, F0 is reflected in ‘harmonics’
at integer multiples of F0 (e.g. an F0 of 150Hz (itself  the
first harmonic), will have harmonics at 300 Hz, 450 Hz,
600 Hz, etc.), which contribute to the perception of pitch
if, for example, F0 is missing. Research on infant pitch
perception is limited, but has shown that 7-month-old
infants demonstrate some adult-like characteristics in
their perception of pitch (Montgomery & Clarkson, 1997).
Even at this age, however, there is considerable variation
in individual infants’ abilities to recover pitch when F0
is missing (Clarkson, 1992). Pitch extraction in younger

infants is currently poorly understood but is believed to
differ from adult pitch perception (Bundy, Colombo &
Singer, 1982; Clarkson, 1992). Though neonates are
sensitive to pitch contours, discriminating, for example,
high-low pitch from low-high pitch in bimoraic stimuli
(Nazzi, Floccia & Bertoncini, 1998), the mechanism of
pitch extraction in neonates has not been investigated.

To examine neonates’ preference for speech, the non-
speech sounds we used were a variant on sine-wave
analogues (SWA) of speech (Remez, Rubin, Pisoni &
Carrell, 1981). SWA consist of time-varying sinusoidal
waves, or sine waves, that track the centre frequencies of
the energy bands (formants) of natural speech to reproduce
the changes in these frequency peaks across time. SWA
are typically composed of three sinusoidal waves that
reproduce the changes in the first three formants of speech
so adroitly that under the right circumstances, adult
listeners perceive SWA as intelligible (if  weird) speech
(Remez 

 

et al

 

., 1981). At stake here is which component
of our SWA conveyed the perception of pitch. Rosen
and Iverson suggest that because the first formant (F1)
is usually heard as conveying pitch in SWA, even with
the addition of F0 (Remez & Rubin, 1984), F1 is likely
to convey perceived pitch in our stimuli as well, and
thus, the voice melody perceived in our SWA is less salient
compared to that in the speech set. We would argue
that the F0 component in our SWA was salient, and that
it, rather than F1, accounted for the perceived pitch. The
key lies in the construction of  the stimuli by Sonya
Bird and Guy Carden, of the University of Victoria, and
the University of British Columbia, respectively. While
creating the SWA, they found that the first three formants
(F1, F2, and F3) were virtually identical across the
multiple natural speech tokens. For this reason, they
selected 

 

one

 

 representative set of the first three formants
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from 

 

one

 

 token, and created the F1-F2-F3 sine-wave
complex from this one token. The four different SWA used
in the study were then created by superimposing a sine wave
tracking the F0 of the four natural infant-directed speech
tokens onto this 

 

single

 

 F1-F2-F3 complex. Inasmuch as
the listener can hear any difference between the different
SWA tokens, this difference is specified 

 

entirely

 

 by F0,
because it is the only component that differs between the
tokens. Even the most casual listener presented with the
different non-speech tokens nonetheless hears them as
distinct (non-speech tokens can be heard at http://www.
phon.ucl.ac.uk/reports/DevScience2006/). The pitch
contour that conveys voice melody in the sine-wave
analogues can be heard readily, requiring neither careful
nor analytic listening. A preference for speech is thus
unlikely to be captured entirely by a preference for the
voice melody of speech.

Second, independent of whether the non-speech stimuli
capture voice melody to the same extent that natural
speech tokens do, the prenatal environment is unlikely to
provide the kind of information that Rosen and Iverson
claim it does with respect to voice melody in these two
sets of sounds. While we made no claim about innateness
in Vouloumanos and Werker (2007), we more carefully
address the kind of information available prenatally in a
follow-up (unreported) experiment. In this experiment,
we low pass filtered (LPF) the speech and SWA sounds
with a 400-Hz filter to emulate what a foetus would be
likely to hear (Abrams & Gerhardt, 2000). This frequency
range is sufficient to convey information about the
mother’s voice (Spence & Freeman, 1996) and about the
native language (Mehler, Jusczyk, Lambertz, Halsted,
Bertoncini & Amiel-Tison, 1988), and is consistent with
human post-natal preferences (DeCasper & Fifer, 1980;
Moon, Cooper & Fifer, 1993). We tested whether neonates
could discriminate between LPF speech and LPF non-
speech using the Cowan method (Cowan, Suomi & Morse,
1982), which compares infants’ habituation slopes for
different types of stimuli (Floccia, Nazzi & Bertoncini,
2000). When discriminable stimuli are presented in altern-
ating minutes, newborns will maintain their high amplitude
sucking rate, whereas when stimuli are non-discriminable,
they are treated as a single repeating stimulus, and new-
borns’ sucking rates decrease significantly. If  newborns
treat LPF speech and LPF SWA as discriminable stimuli,
they should maintain their sucking rate. If, however,
LPF speech and LPF SWA are not discriminable,
newborns should show a significant decrease in their
sucking rate. Pilot data are clear: When we present these
two alternating sets of LPF sounds to newborns, their
high amplitude sucking rate decreases significantly,
suggesting that neonates cannot discriminate between
LPF speech and LPF SWA. This suggests that the

information required to discriminate between SWA and
bona fide speech is contained in higher frequencies
which are severely attenuated, if  available at all, in the
prenatal environment. In short, whatever aspect of voice
melody infants are familiar with prenatally is not likely
to be sufficient to discriminate between our speech and
SWA tokens, and thus prenatal familiarity with voice melody

 

per se

 

 is unlikely to account for neonates’ preference for
speech.

In addition to confirming that voice melody available
prenatally is indistinguishable between speech and our
sine-wave stimuli, and thus is unlikely to account for
post-natal preferences, these new data reduce the range
of plausible roles for human prenatal listening experience
in the preference for speech over sine-wave analogues
reported in Vouloumanos and Werker (2007). This
suggests the intriguing possibility that human neonates’
preference for speech could be innate.
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