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Human neonates prefer listening to speech compared to many nonspeech sounds, suggesting that humans
are born with a bias for speech. However, neonates” preference may derive from properties of speech that are
not unique but instead are shared with the vocalizations of other species. To test this, thirty neonates and
sixteen 3-month-olds were presented with nonsense speech and rhesus monkey vocalizations. Neonates
showed no preference for speech over rhesus vocalizations but showed a preference for both these sounds
over synthetic sounds. In contrast, 3-month-olds preferred speech to rhesus vocalizations. Neonates’ initial
biases minimally include speech and monkey vocalizations. These listening preferences are sharpened over
3 months, yielding a species-specific preference for speech, paralleling findings on infant face perception.

How do initial perceptual biases and learning from
specific experience interact to prepare infants to
adapt optimally to their world? Across perceptual
domains, infants use early biases to organize the
world. For example, young infants are able to
discriminate non-native speech sounds that are
unfamiliar to them (Kuhl, Williams, Lacerda, Ste-
vens, & Lindblom, 1992; Werker & Tees, 1984) and
identify individual faces of species they have never
encountered before (Pascalis, de Haan, & Nelson,
2002). By the end of the 1st year of life, these
biases become attuned to sounds and visual infor-
mation in the infant’s environment, such that
infants no longer readily discriminate non-native
speech sounds (Kuhl et al.,, 1992; Werker & Tees,
1984) nor do they identify unfamiliar species’ faces
(Pascalis et al., 2002). Initial biases, and rapid
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attunement, may constitute conserved and funda-
mental principles that underwrite the development
of perceptual systems across the animal kingdom.
In this article, we explore the ontogeny of the
specificity of the neonatal preference for human
speech.

Many species are endowed with an innate pref-
erence to attend to the visual and auditory cues of
their conspecifics (Gottlieb, 1997; Johnson, Bolhuis,
& Horn, 1985; Marler & Peters, 1977). For example,
precocial birds preferentially approach the calls of
conspecifics, whereas the young fledglings of song
learning birds will selectively acquire their species-
specific song if they are exposed to it during a sen-
sitive period (Gottlieb, 1997; Marler & Peters, 1977).
A common perspective in studies of language
acquisition is that humans are similarly endowed
with a preference for conspecific vocalizations and,
more specifically, that speech is special for humans
(Liberman & Whalen, 2000; Pinker & Jackendoff,
2005), perceived in unique ways from the earliest
stages of development (Vouloumanos & Werker,
2007). Support for this hypothesis comes from stud-
ies showing that neonates exhibit a preference for
speech over filtered (Spence & DeCasper, 1987) and
reversed speech (Pefa et al., 2003), as well as syn-
thesized signals such as complex synthetic sounds
(Vouloumanos & Werker, 2007) and white noise
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(Butterfield & Siperstein, 1970). Such a preference
for speech suggests that infants are prepared to
attend to auditory stimuli in their environment that
are relevant for language, thus facilitating language
acquisition (Kuhl, Coffey-Corina, Padden, & Daw-
son, 2005).

Although previous studies support the hypothe-
sis that speech is a privileged sound for infants,
they leave open the possibility that neonates’ lis-
tening preference is based on properties of speech
that are not unique to speech but instead are
shared with the vocalizations of related species.
Speech and nonhuman primate vocalizations share
some acoustic properties and are coded similarly
in the human auditory system (Altmann,
Doehrmann, & Kaiser, 2007; Smith & Lewicki,
2006). We selected rhesus monkey calls for com-
parison because, although acoustically distinct
from human speech, they are similarly spectrally
rich. In particular, rhesus have a broad vocal rep-
ertoire spanning a wide range of activities, includ-
ing calls produced during the discovery of food
sources (e.g., coos, warbles) and affiliative social
behavior (e.g., girneys; Hauser, 2000). Like human
speech, some rhesus monkey calls are produced
by oscillations of the larynx (phonation) and fil-
tered by the supralaryngeal vocal tract, which
dampens or amplifies different frequencies (Fitch
& Hauser, 1995; Hauser, Evans, & Marler, 1993;
Rendall, Owren, & Rodman, 1998; see Figure 1).
This filtering of frequencies generated by the lar-
yngeal oscillations produces discrete formants, or
concentrations of energy, whose distribution and
fluctuations across time generate a wide range of
speech sounds. As a result of constraints on the
movements of rhesus articulators, however, the
““phonetic” repertoire of rhesus monkeys is limited
by comparison with that of humans (Belin, 2006;
Fitch, 2000) and the frequency spectrum of calls is
broader and higher so that, perceptually, rhesus
calls present a broader distribution of spectral

energy and a higher pitch than human speech
(Fitch, 1997, Owren & Rendall, 2003). Although
some rhesus calls have an acoustic resemblance to
human affective vocalizations, adult human listen-
ers do not perceive rhesus calls as being generated
by humans (see ratings in the Method section that
follows), nor do they explicitly distinguish these
calls based on their affective valence (Belin et al.,
2008). Testing a preference for speech against the
vocalizations of a closely related primate provides
a strong test for an early specialization for speech
in humans.

Using a contingency procedure in which infant
participants could control the presentation of differ-
ent sounds, we tested neonates on their preference
for speech compared to the vocalizations of another
primate—the rhesus macaque (Macaca mulatta).
There are three possible outcomes. First, if neonates
prefer speech to rhesus calls, then this supports ear-
lier reports that speech is privileged for human
neonates, distinct from the vocalizations of another
related species. The neonatal preference for speech
would then be based on properties that are not
shared with rhesus calls. Second, if neonates prefer
rhesus calls to speech, then the task is most likely
picking up on a novelty preference. Although this
would be a surprising outcome as previous studies
showed a neonatal preference for speech over many
other novel sounds, previous studies never evalu-
ated the preference for human speech against the
calls of a related species. Finally, if neonates show
equal interest in speech and rhesus calls, with no
preference for one sound over the other, then this
suggests that the initial bias for speech may derive
from properties shared by speech and nonhuman
primate vocalizations. In this case, to ensure that
the lack of preference was not simply the result of a
methodological failure, it would be important to
show—as in earlier work on the neonatal speech
preference—that neonates also prefer rhesus
vocalizations to other acoustic signals. Finally, we
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Figure 1. Spectrogram (top) and waveform (bottom) of a rhesus monkey vocalization (coo; on the left), a human speech token (“ploo”’;

in the middle), and a synthetic nonspeech sound (on the right).
Note. Horizontal lines denote frequency increments of 2000 Hz.



examine the listening preferences of 3-month-old
infants.

Experiment 1

We tested human neonates on their preference for
speech compared to rhesus calls using an infant-
controlled high-amplitude (HA) sucking method
(e.g., Butterfield & Siperstein, 1970; DeCasper & Fif-
er, 1980; Moon, Cooper, & Fifer, 1993; Vouloum-
anos & Werker, 2007). In this procedure, neonates
sucked on a sterilized non-nutritive pacifier to con-
trol the presentation of sounds. We presented non-
sense speech using English-like speech syllables
and rhesus monkey calls in alternating trials, and
measured the number of neonates’” HA sucks for
each of the two types of vocalizations.

Method
Participants

Thirty full-term (minimum of 37.5 weeks gesta-
tional age) human neonates (M =47 hr, range =
18-120 hr; 12 females and 18 males) completed the
study. An additional 44 neonates were excluded for
noncompliant behavior, such as fussing or falling
asleep (24), parental interference (1), or failing to
meet established experimental criteria (Floccia,
Nazzi, & Bertoncini, 2000; Vouloumanos & Werker,
2007) of a minimum of 10 HA sucks in the first
4 min and at least 1 suck in every subsequent
experimental minute (19). Neonates were tested at
a birthing Hospital in Vancouver, British Columbia.
Reflecting the diversity of the local community, the
languages spoken in neonates’ home environment
varied, with the percentage of English spoken
between 0% and 100%. We did not collect addi-
tional demographic information about family eth-
nicity. Parents gave informed consent on behalf of
their infants. All procedures were approved by the
university’s Research Ethics Board.

Stimuli

In selecting specific monkey and human stimuli,
it was important to control for factors that in and of
themselves might bias infants toward one or the
other group of sounds. As neonates listen less to
angry and sad voices than they do to happy or neu-
tral voices (Aldridge, 1994, as cited in Walker-
Andrews, 1997), we excluded rhesus calls produced
during aggressive behaviors (e.g., screams, barks,
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and copulatory screams). Instead, we selected calls
produced during positive social contexts such as
affiliative interactions (girneys, coos) and the dis-
covery of food (coos, warbles; Hauser, 2000) consid-
ered to be of positive affect in previous studies
(Belin et al., 2008; Nicastro & Owren, 2003).

Speech. Ten nonsense speech sounds were pro-
duced in infant-directed speech by three native
English female speakers (Speaker 1: “Pploo,”
“keev,” “yut,” “boola,” “nahod,” “kraw’’; Speaker
2: “trom,” ““fi”’; Speaker 3: “dup,” “makalak’’) with
average pitch of 283 Hz, and average duration of
468 ms.

Monkey calls. Ten rhesus monkey calls were
recorded on Cayo Santiago, Puerto Rico, from three
female rhesus monkeys (Caller 1: 3 coos [social or
food related], 3 girneys [affiliative]; Caller 2: 1 coo,
1 warble [food related]; Caller 3: 1 coo, 1 girney)
with average pitch of 346 Hz and average duration
of 531 ms. Calls were recorded with a highly
directional shotgun microphone at a distance of
1-3 m. The calls were selected such that there was
a high signal-to-noise ratio, only one concurrent
vocalization, and no interference from other biotic
sounds. Stimulus duration did not differ, £(18) < 1,
ns, but rhesus calls naturally exhibit a slightly
higher pitch, #(17) = 2.3, p < .05. (For description of
acoustic morphology and context, see Hauser, 1992,
1996; Hauser & Fowler, 1992; Hauser & Marler,
1993.)

Adult ratings of vocalizations. Thirty undergradu-
ates rated the 20 primate vocalizations described
on a 5-point scale for how likely they were to have
been produced by a human. The 10 monkey calls
were rated as significantly less human-like than
the 10 human nonsense speech (M =297, SE =
0.924 for monkey vocalizations; M = 4.63, SE =
0.122 for human nonsense speech), #(18) =5.61,
p < .001.

Apparatus and Procedure

Neonatal listening preferences were quantified
by means of a HA sucking procedure (Eimas,
Siqueland, Jusczyk, & Vigorito, 1971) in which the
presentation of different sounds was contingent on
the newborn delivering an HA suck (Vouloumanos
& Werker, 2007). Approximately 2 hr after feeding,
neonates were brought to a sound-attenuated room
and placed supine in a bassinette. During the
experiment, a parent was seated behind and out of
reach of the bassinette. An experimenter wearing
headphones playing music presented neonates with
a sterilized pacifier coupled to a Gould P23
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pressure transducer, which was connected to an
IBM-PC-compatible computer. After presenting the
pacifier to the neonate, the experimenter only inter-
acted with the newborn to reinsert the pacifier if it
had been released. If the pacifier could not be rein-
serted immediately, the neonate’s data were dis-
carded from the sample. The computer registered
air pressure changes caused by infant sucks.

Each individual infant’s sucking amplitude
range was measured during a silent baseline min-
ute. The mean baseline HA sucking rate was 33.7
HA sucks/min (SE = 2.93). Following the calcula-
tion of their baseline sucking amplitude, neonates
were presented with a sound stimulus whenever
they applied suction in the upper 80% of their suck-
ing amplitude range. The stimulus onset asyn-
chrony (from the start of one stimulus to that of the
next) was set at 1500 ms to accommodate the lon-
gest sound duration. The presentation rate was
thus one stimulus per 1.5 s. All sounds were pre-
sented at 70 dB (x4 dB). The presentation of speech
and rhesus calls was alternated every minute, with
order counterbalanced across participants, and the
8 min postbaseline submitted to analysis. The HA
sucking software implements the minute-by-minute
change independently of the baby’s sucking behav-
ior as in many HA sucking experiments (Bertoncini,
Bijeljac-Babic, Blumstein, & Mehler, 1987; Berton-
cini, Bijeljac-Babic, Jusczyk, Kennedy, & Mehler,
1988; Floccia et al., 2000; Mehler et al., 1988; Nazzi,
Floccia, & Bertoncini, 1998). To ensure that new-
borns heard sounds during every minute, we
excluded newborns that produced fewer than 10
sucks in the first four experimental minutes or 0
sucks during any of the 8 min. Within each minute,
tokens were presented randomly with replacement
allowing repetitions of a given token. Earlier appli-
cations of this procedure have been successful in
showing that newborns prefer speech over complex
synthetic sounds (Vouloumanos & Werker, 2007).

Results and Discussion

As there were no significant effects of infant sex
or sound order on listening preferences (F < 1, ns),
we collapsed across these factors for all analyses.
As sampling over blocks can yield more stable mea-
surements and has successfully revealed neonatal
preferences in previous studies (Vouloumanos &
Werker, 2007), we analyzed HA sucks in two obser-
vation blocks (first 4-min block vs. second 4-min
block) in a repeated measures analysis of variance
(ANOVA). Results indicated no main effects and
no interactions (all ns). Neonates sucked equiva-

lently for speech (M = 33.3 HA sucks, SE = 2.4) and
for rhesus calls (M = 33.8 HA sucks, SE = 2.7), F(1,
29) <1, ns. An additional ANOVA analyzing
preference for speech and monkey calls for each
experimental minute also revealed no main effects
and no interactions (all ns). Next, we examined
whether neonates’” HA sucking changed over the
two observation blocks for speech or for rhesus
calls and found no statistically significant effect
(using Bonferroni corrections for multiple compari-
sons) for either speech, #(29) = 2.12, ns, or rhesus
calls t(29) = 1.02, ns (see Table 1). Thirteen of 30
neonates exhibited a preference for speech (see Fig-
ure 2). To examine whether the amount of English
exposure in the neonates’ home environment had
an effect on neonates’ listening preferences, we ran
an ANOVA with sound type (speech, rhesus) and
percentage of English exposure (as estimated by
parental report at the time of consent) as a covariate
and found no main effect of English exposure, F(1,
28) <1, ns, and no modulatory effect of English
exposure on neonates’ listening preference for
speech and rhesus calls, F(1,28) = 1.19, ns.

Table 1

High-Amplitude (HA) Sucking Across the Three Studies: (a) Speech
Versus Rhesus Monkey Calls, (b) Rhesus Monkey Calls Versus Syn-
thetic Sounds, and (c) Speech Versus Synthetic Sounds (Reported in
Vouloumanos & Werker, 2007)

Relative
HA HA change
Sound Sucking Sucking in HA
comparison n Sound Block 1 Block 2  sucking
Speech versus 30 Speech 71.20 61.73 4.4
monkey calls Monkey calls  69.90 64.83
Monkey calls 16 Monkey 68.75 60.50 12.3*
versus calls
synthetic Synthetic 74.50 54.00*
sounds sounds
Speech versus 22 Speech 7191 73.00 14.5*
synthetic Synthetic 76.91 63.45*
sounds® sounds

“Previously reported in Vouloumanos and Werker (2007).

Note. Neonates” HA sucking decreases significantly across blocks
for the synthetic sounds; no significant decrease across blocks is
observed for either speech or rhesus monkey calls. The relative
change in HA sucking in the speech versus rhesus call
comparison is significantly different both from the monkey call
versus synthetic sound comparison, and from the speech versus
synthetic sound comparison. The relative change in HA sucking
for monkey over synthetic sounds is equal to that for speech
over synthetic sounds. See the Results section for more details.
*p < .05.
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Note. For Experiment 1, we plot as positive the relative change
for speech over monkey calls; for Experiment 2, we plot as
positive the relative change for monkey calls over synthetic
sounds; and for Vouloumanos and Werker (2007), we plot as
positive the relative change for speech over synthetic sounds.

Although earlier work showed that neonates pre-
ferred speech to artificial sounds and manipulated
speech sounds (Butterfield & Siperstein, 1970; Pefia
et al., 2003; Spence & DeCasper, 1987; Vouloum-
anos & Werker, 2007), this study demonstrates that
neonates have no preference for speech over rhesus
calls, responding equivalently to both.

Experiment 2

To ensure that the equivalent interest in speech and
rhesus calls reflects a legitimate preference for lis-
tening to these two types of vocalizations, as
opposed to a null result, we ran an additional con-
dition. In a previous study, neonates preferred
speech to complex synthetic sounds (Vouloumanos
& Werker, 2007). These complex synthetic sounds
were composed of four sinusoidal waves that emu-
lated the frequency changes of speech and thus
contained a similar pitch contour and some of its
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spectral features (Vouloumanos & Werker, 2004,
2007); in some contexts, adult listeners can even
perceive these types of complex synthetic sounds
as speech-like (Remez, Rubin, Pisoni, & Carrell,
1981). In this previous study, neonates manifested a
preference for speech by adjusting their sucking
rate over the course of the experiment so as to lis-
ten to speech more than to the complex synthetic
sounds. Over the two observation blocks, neonates
in this previous study maintained their HA sucking
rate for speech, t(21) = 0.315, ns, but significantly
decreased their sucking for the complex synthetic
sounds, #(21) = 2.92, p < .02 (Vouloumanos & Wer-
ker, 2007). To test whether human neonates show a
similar sustained interest in listening to rhesus
monkey calls, we presented rhesus monkey calls
and complex synthetic sounds to 16 neonates. If
both speech and rhesus calls are preferred vocaliza-
tions for human neonates, then neonates” HA suck-
ing in this experiment should show differential
arousal to rhesus monkey calls over complex syn-
thetic sounds.

Method
Participants

Sixteen full-term (minimum of 37.5 weeks gesta-
tional age) human neonates (M = 46 h, range = 20—
97 hr; 7 females and 9 males) completed the study.
An additional 21 neonates were excluded for fuss-
ing or falling asleep (10), parental interference (1),
or not meeting the established experimental criteria
(10). Neonates were tested at a birthing hospital in
Vancouver, British Columbia. As in Experiment 1,
the percentage of English spoken in neonates” home
environment varied between 0% and 100%, and
additional ethnographic information was not col-
lected. Parents gave informed consent on behalf of
their infants. All procedures were approved by the
university’s Research Ethics Board.

Stimuli

Monkey calls. These were identical to those used
in Experiment 1. As there were four different com-
plex synthetic tokens in total, we randomly selected
a different subset of 4 monkey tokens from the full
set of 10 tokens for presentation for each neonate.

Synthetic sounds. Synthetic sounds consisted of
time-varying sinusoidal waves tracking the main
regions of significant energy, namely, the funda-
mental frequency and the first three formants of a
nonsense speech token. By tracking changes across
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time for the peak frequencies of their speech coun-
terparts, these synthetic sounds follow very closely
the spectral and timing changes of speech. The
average pitch of the synthetic sounds was 227 Hz,
and the average duration was 589 ms. Stimulus
pitch did not differ between sound types, #(8) = 2.2,
ns, but synthetic sounds were significantly longer
than rhesus monkey calls, #(8) = 4.1, p < .01 (for a
complete description of the stimuli, please see Vou-
loumanos & Werker, 2004). Consistent with previ-
ous studies with similar synthetic sounds (Remez &
Rubin, 1993), adults in pilot studies did not report
perceiving these synthetic sounds as speech.

Apparatus and Procedure

These were identical to Experiment 1. The pre-
sentation of rhesus calls and synthetic tokens was
alternated every minute, with order counterbal-
anced across participants, and the 8 min postbase-
line submitted to analysis. Within each minute,
tokens were presented randomly with replacement.

Results and Discussion

Neonates preferentially listened to rhesus mon-
key calls, maintaining their HA sucking for rhesus
calls, t(15) = 2.01, ns, while decreasing their HA
sucking for complex synthetic sounds, #(15) = 2.64,
p = .038, over the two observation blocks. Eleven of
the 16 neonates exhibited a preference for rhesus
monkey calls (see Figure 2). As a final direct test of
listening preferences, we compared the relative
change in HA sucking across the three studies:
Speech versus rhesus calls (Experiment 1), speech
versus complex synthetic sounds (Vouloumanos &
Werker, 2007), and rhesus calls versus complex
synthetic sounds (Experiment 2). In planned com-
parisons, we found that the HA sucking pattern of
neonates’ privileging rhesus calls over complex
synthetic calls was similar to that of neonates privi-
leging speech over complex synthetic calls (one-
tailed, ns), and different from neonates that listened
to speech and monkey calls equivalently (one-
tailed, p < .05; see Table 1).

Neonates responded preferentially to speech
and to rhesus calls over complex synthetic
sounds but showed no preference for speech over
rhesus calls. Together, these studies suggest that
neonates privilege both speech and calls of rhesus
monkeys. The auditory biases of human neonates
appear more broadly tuned to properties that
are shared by the vocalizations of nonhuman
primates.

Experiment 3

To examine whether infants’ listening preferences
change during early development, we tested
3-month-olds on their preference for speech over
rhesus calls. Three-month-old infants were pre-
sented with nonsense speech sounds and rhesus
monkey calls in alternating trials using an infant-
controlled sequential looking preference procedure
(Cooper & Aslin, 1990; Vouloumanos & Werker,
2004) in which infants could use their looking
behavior to control the presentation of sounds. We
measured infants’ average looking times for the
two types of vocalizations.

Method
Participants

Sixteen 3-month-old infants (M = 100 days, age
range = 87-111 days) completed the study. An
additional 20 infants were excluded as a result of
fussing or crying (6), inattention to the screen (5),
difficulty seeing infants’ eyes (2), failure to look
away from the screen to end the trial before the
maximum trial length of 60 s had been reached for
three or more of the test trials (2), or experimenter
error (5). Parents gave informed consent on behalf
of their infants. All procedures had been approved
by the university’s Research Ethics Board.

Stimuli

The auditory stimuli were the same 10 human
nonsense speech tokens and 10 rhesus monkey
calls that were used in Experiment 1.

Materials and Procedure

Infants were tested using an infant-controlled
sequential looking preference procedure (Cooper &
Aslin, 1990; Vouloumanos & Werker, 2004) in
which infants controlled trial onset and offset by
looking at or away from a monitor displaying a fix-
ation checkerboard. Testing was conducted in a
sound-attenuated room where infants were seated
on a parent’s lap in front of a computer monitor.
Parents wore headphones playing music to mask
the presentation of the experimental sounds.
Sounds were played with an average amplitude of
60 dB (+5 dB) from speakers placed below the
monitor. Following a musical pretest, infants heard
speech and rhesus calls in alternating trials, with
order counterbalanced across participants, for a
total of eight trials, four trials per sound type.



Infants” attention was drawn to the screen by a red
flashing light at the beginning of the experiment
and between every trial. Once the infant fixated on
the screen, a black and white checkerboard was
presented in tandem with one of the sets of sounds.
Presentation ceased when the infant looked away
from the monitor for a consecutive 2-s period or the
maximum trial length of 60 s had been reached.
Once the infant looked back at the screen, presenta-
tion of the checkerboard recommenced with a new
set of sounds. Within each trial, tokens were pre-
sented in semirandom order, such that no tokens
were ever repeated consecutively. All infants heard
a Bach violin concerto in a pretest before the experi-
mental trials began to familiarize them with the
procedure. Infants’ average looking times for
human speech and rhesus monkey calls were calcu-
lated based on frame-by-frame offline coding (30
frames/s) of infant looks toward the monitor dur-
ing each test trial by a coder blind to the experi-
mental condition being tested. Reliability coding
performed on 25% of the trials was extremely high
(Pearson’s R =.999, p <.01). Three infants were
missing values for one trial within a set of four
human or four monkey vocalizations; these values
were replaced by taking an average of the remain-
ing 15 infants’ looking times for that particular
sound trial.

Results and Discussion

As there were no significant main or interactive
effects of infant sex or order on looking time (F < 1,
ns), we collapsed across these between-subject
factors and performed a repeated measures
ANOVA on infant looking time with sound type
(speech, monkey calls) and trials (1, 2, 3, 4) as
within-subject factors. Results revealed a significant
main effect of sound type, with 3-month-olds look-
ing longer for speech (M = 14.6 s, SE = 2.01) com-
pared with rhesus calls (M = 11.5 s, SE = 1.67), F(1,
15) = 8.49, p = .01, as well as a main effect of trial,
F(3, 45) = 5.13, p < .01, with overall looking times
decreasing in later trials. Twelve of the sixteen
3-month-olds looked longer for speech, as com-
pared to 13 of 30 neonates, Pearson’s chi-square
x*(1, N = 46) = 4.22, p < .05 (see Figure 3), confirm-
ing a developmental difference in infants’ prefer-
ence for speech relative to rhesus monkey calls.

By at least the age of 3 months, human infants
prefer listening to speech compared to rhesus calls.
Rapidly in early human development, the relatively
broad tuning of neonatal listening preferences is
sharpened, becoming selective for speech.
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Figure 3. Scatterplot of individual 3-month-olds’ relative looking
time for speech compared to rhesus monkey vocalizations.

Note. We plot as positive the relative change for speech over
monkey calls.

General Discussion

In contrast to previous studies suggesting that
humans are born with a listening preference for
speech (Vouloumanos & Werker, 2007), these
results demonstrate that neonates’ listening biases
privilege human speech and the calls of another
primate, the rhesus macaque. Infants’ initial, rela-
tively broad, tuning sharpens rapidly over the
course of the first 3 months, resulting in a prefer-
ence for speech over rhesus calls.

The lack of preference for speech over rhesus
monkey calls in neonates is striking, especially
when considered in light of previous studies on
auditory preferences in human neonates. Neonates
typically show preferences for specific speech
sounds heard prenatally: They prefer listening to
their mother’s voice compared to the voice of other
females (DeCasper & Fifer, 1980), privilege the
rhythmic pattern of their native language over that
of unfamiliar languages (Mehler et al., 1988; Moon
et al., 1993), and show postnatal recognition of spe-
cific songs and stories that had been read to them
prenatally (DeCasper & Spence, 1986). These prior
findings indicate that the human womb is perme-
able to sound and, crucially, that the auditory sys-
tem of the fetus can perceive, encode, and
remember some of the specific features of the
sounds that are available in the prenatal environ-
ment. Given infants’ prenatal exposure to speech
and their capacity to hear in the third trimester, as
well as our selection of speech sounds with attrac-
tive intonation patterns (Cooper, Abraham, Ber-
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man, & Staska, 1997; Fernald, 1985), one might have
expected neonates to prefer speech to monkey calls.
Instead, the comparison between speech and mon-
key calls—as well as the experimental condition
confirming a preference for rhesus monkey calls
over complex synthetic sounds—demonstrates that
speech and rhesus monkey calls can be similarly
engaging to newborns.

Why do neonates fail to show a preference for
relatively more familiar speech sounds when these
are compared to rhesus monkey calls given that
they recognize and prefer familiar native and
maternal speech vocalizations when various speech
sounds are contrasted? Previous speech preference
studies with newborns used full sentences com-
posed of connected speech (DeCasper & Fifer, 1980;
Mehler et al., 1988; Moon et al., 1993). In contrast,
our preference studies used isolated words (as in
Vouloumanos & Werker, 2004, 2007). Compared
to single nonsense words, the connected speech of
sentences is longer and, partly as a function
of greater length, conveys more of the acoustic (e.g.,
syllable length, formant structure) and linguistic
(e.g., rhythmic, intonational) properties of speech.
Sentences may thus allow neonates to extract more
information about the signal, including acoustic
cues to maternal voice and native language. A com-
parison of connected speech and rhesus monkey
vocalizations could thus reveal a neonatal prefer-
ence for speech, but isolated words do not.

Neonates may have a general interest in the
acoustic properties of voices, harmonically rich
sounds composed of quasiperiodic waves punctu-
ated by spectral and temporal irregularities (e.g.,
Belin, 2006). If this were the case, any vocalization
produced by a range of species may engage new-
borns. More narrowly, neonatal listening prefer-
ences may extend to acoustic properties that are
shared by other nonhuman primates or may be
restricted to vocalizations that show more human-
like spectral filtering. The vocal repertoire of rhesus
monkeys is certainly not unique among nonhuman
primates, as many other monkeys and apes demon-
strate both spectral and temporal variation, with
resulting differences in affective and semantic infor-
mation (Arnold & Zuberbuhler, 2006; Owren,
Seyfarth, & Cheney, 1997; Rendall, Seyfarth,
Cheney, & Owren, 1999; Zuberbuhler, Cheney, &
Seyfarth, 1999). More importantly for this study,
rhesus monkeys and humans show similarities in
the production mechanisms of their vocalizations.
Like humans, rhesus monkeys may be able to con-
trol the laryngeal source of their calls independently
of the supralaryngeal filter, suggesting possible

similarities between human and rhesus neuromotor
organization (Hauser & Schon-Ybarra, 1994; Hauser
et al., 1993; Rendall et al., 1998). Although few stud-
ies have directly examined how humans perceive
rhesus monkey calls (cf. Belin et al,, 2008; Lew-
kowicz & Ghazanfar, 2006; Owren & Rendall, 2003),
the superficial similarities between the two species’
vocalizations may have been sufficient to engage
neonates.

What accounts for the developmental shift in
infant listening preferences between birth and
3 months? One possibility is that newborns simply
could not discriminate between speech and rhesus
monkey calls, whereas 3-month-olds did discrimi-
nate and therefore preferred listening to speech.
Although this possibility cannot be ruled out, it
seems unlikely because newborns robustly discrim-
inate much more subtle acoustic differences, for
example, between [ba] and [da] (Bertoncini et al,,
1987) and between [taep] and [paet] (Moon, Bever,
& Fifer, 1992). Our results are thus most likely
explained by neonates’ engagement with the
sounds rather than a failure to discriminate.

A second possibility is that 3-month-olds’ prefer-
ence for speech is a product of increased experience
with specific properties of English. Although the
increased experience is undeniable, other studies
have shown that infants do not recognize native
language sound sequences or stress until 9 months
of age (Jusczyk, Cutler, & Redanz, 1993; Jusczyk,
Friederici, Wessels, & Svenkerud, 1993) and, cru-
cially, do not become attuned to the specific speech
sounds of their native language until 6-10 months
(Kuhl et al., 1992; Werker & Tees, 1984). Given this
relatively late tuning (6-10 months) to native lan-
guage sound structure, it seems unlikely that the
speech preference observed in these relatively
younger 3-month-olds in our studies derived spe-
cifically from properties of English. Instead,
accrued exposure to speech of any kind, or human
vocalizations in general, is more likely to contribute
to the sharpening of infant preferences.

Finally, the developmental shift may also reflect
a shift in infants’ attention to different properties of
sounds. By 3 months, infants may start to attend to
some characteristic properties of speech, such as
the alternations between rapid frequency transi-
tions and steady-state frequencies that characterize
consonant-vowel alternations (Ladefoged, 2006).
Concurrently or alternatively, infants may attend to
the specific frequency range (50-5000 Hz) that is
characteristic of the human voice. In this latter case,
neutral and positively valenced vocalizations that
are recognized by infants as human productions,



including yawns and laughter, would trigger
infants” attention.

The observed shift from more general to species-
specific processing in the vocal domain parallels
recent results on infant face processing and cross-
modal matching: Infants begin life without a
human-specific face bias but by 9 months show
better processing of human faces compared to the
faces of other species (Lewkowicz & Ghazanfar, 2006;
Pascalis et al., 2002). Such tuning mechanisms have
been observed not only for faces but for language as
well. Infants” initial language-general discrimination
abilities become language specific by the end of their
1st year (Kuhl et al., 1992; Werker & Tees, 1984). It
seems likely that tuning mechanisms are at work in
early infancy, sharpening broad initial biases into
more specific ones in many domains, and that this
may represent a general principle of early perceptual
development (Scott, Pascalis, & Nelson, 2007).

Auditory tuning to conspecifics, observed here
by 3 months, appears earlier than visual tuning to
conspecifics, apparent only at 9 months (Lew-
kowicz & Ghazanfar, 2006; Pascalis et al., 2002).
This is likely because of a combination of matura-
tional and experiential differences in the two sys-
tems. Specifically, whereas the auditory system
appears functional and responsive by the 6th
month of gestation (Gerhardt & Abrams, 2000; Kisi-
levsky et al, 2003), the visual system, although
functional before birth, can only respond to exter-
nal visual stimuli such as faces after birth. Humans
become tuned to conspecific auditory stimuli, and
speech in particular, earlier and on a faster time
scale (6 vs. 9 months of relevant experience) than
they become tuned to conspecific faces. This may
very well be because speech, the communicative
signal of human conspecifics, is special, and rapid
tuning reflects this special status.
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