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Language Discrimination by English-Learning 5-Month-Olds:
Effects of Rhythm and Familiarity

Thierry Nazzi, Peter W. Jusczyk, and Elizabeth K. Johnson

Johns Hopkins University

Six experiments using the headturn preference procedure investigated 5-month-old American
infants’ ability to discriminate languages. The impetus for the present study was a report that
newborns discriminate languages across, but not within, rhythmic classes (Nazzi et al., 1998). Two
experiments verified that at 5 months, infants still discriminate pairs of languages from different
rhythmic classes (British English vs Japanese; Italian vs Japanese). An additional experiment
indicated that American 5-month-olds did not discriminate two languages within a foreign rhythmic
class (Italian vs Spanish, syllable-based). Three subsequent experiments tested language discrimina-
tion within the native stress-based class. Discrimination of the languages occurred when the native
language or one of its variants was presented (British English vs Dutch; American English vs British
English), but not when both languages were equally unfamiliar (Dutch vs German). Our findings
suggest that language discrimination within the native rhythmic class derives from infants’ devel-
oping knowledge of the sound organization of their native language.© 2000 Academic Press
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An increasing body of literature shows th
during the first year of life, infants’ spee
perception abilities evolve as a consequenc
their increasing knowledge about their na
language (for a review see Aslin, Jusczyk
Pisoni, 1998). From an initial state in whi
these capacities appear to be language gen
infants’ abilities become more closely attun
to the structure of their native language. S
early tuning was first observed for infants’ ph
netic perception abilities. Under 6 months
age, infants discriminate very subtle phon
contrasts, both consonantal and voca
whether they appear in their native languag
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not (Eimas, 1975; Eimas, Siqueland, Jusczy
Vigorito, 1971; Morse, 1972; Streeter, 19
Trehub, 1973, 1976). However, the ability
discriminate nonnative consonant contrasts
clines around 10 months of age (Werker
Tees, 1984), though not for all types of non
tive contrasts (Best, McRoberts, & Sitho
1988). The evidence suggests that decline
sensitivity to nonnative contrasts depend
their relation to phonemic categories in the
tive language (Best, 1995; Best, Lafleur,
McRoberts, 1995). There are also some ind
tions that sensitivity to nonnative vowel co
trasts declines at an earlier age than for co
nants (Kuhl, Williams, Lacerda, Stevens,
Lindblom, 1992; Polka & Bohn, 1996; Polka
Werker, 1994).

Although much infant speech research
concentrated on the perception of phonetic
ments, increasing attention has been devote
infants’ sensitivity to the prosodic organizat
of their native language. Sensitivity to the p
sodic dimensions of duration, fundamental
quency, and intensity during the first fe
months of life is attested by a large numbe
studies (Fernald & Kuhl, 1987; Jusczyk
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2 NAZZI, JUSCZYK, AND JOHNSON
Thompson, 1978; Karzon & Nicholas, 198
Kuhl & Miller, 1982; Morse, 1972; Nazzi, Be
toncini, & Mehler, 1998; Nazzi, Floccia, & Be
toncini, 1998; Spring & Dale, 1977). The pr
posal that prosody might play a crucial role
early language acquisition (Gleitman & Wa
ner, 1982; Jusczyk, 1997; Morgan & Demu
1996; Peters, 1983) has stimulated interes
infants’ sensitivity to and their acquisition of t
prosodic characteristics of their native l
guage. Recent evidence indicates that betwe
and 9 months, infants begin to specify the p
sodic properties of words in their native la
guage. For example, Jusczyk, Friederici, W
sels, Svenkerud, and Jusczyk (1993b) fo
that 6-month-old English learners detect
prosodic differences that distinguish Eng
from Norwegian words. The present study f
ther explores issues related to the early se
tivity to and acquisition of the prosodic prop
ties of the native language.

Studies with adults indicate that the rhyt
of one’s native language influences on-
speech processing such that speakers of Fr
English, and Japanese appear to use diffe
segmentation procedures based on the rhyt
units of their native language. For instan
Mehler, Dommergues, Frauenfelder, and S
(1981) reported that the unit of segmenta
used by French-speaking adults is the sylla
However, English segmentation strategies
apparently guided by information about typi
word-stress patterns (Cutler, Mehler, Norris
Segui, 1986; Cutler & Norris, 1988), whi
involve an alternation of strong syllables (o
containing full vowels) and weak syllabl
(ones with reduced vowels). A third pattern
been reported for Japanese listeners, who a
ently rely on the mora to segment spe
(Otake, Hatano, Cutler, & Mehler, 1993). T
mora is a rhythmic unit that can either be s
labic or subsyllabic. In English, a mora roug
corresponds to a CV syllable with a short vo
(e.g., “the” as opposed to “thee,” which ha
long vowel). In Japanese, CV syllables w
long vowels and syllables with final nasals (l
the first syllable in “Honda”) or final gemina
consonants (like the first syllable in “Nissa
have two morae. Moreover, adults’ segme
,
n
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tion procedures appear to be determined by
native language rather than by the language
are listening to. So, once they master a pa
ular language adults rely on procedures tailo
to that language even when listening to a
eign language (Cutler et al., 1986; Otake et
1993).

It has been suggested that each of the di
ent types of segmentation procedures is o
mally adapted to processing a particular rh
mic class of languages (Cutler & Mehler, 19
Otake et al., 1993; see also Sebastia´n-Gallés,
Dupoux, Segui, & Mehler, 1992; Vroomen, v
Zon, & de Gelder, 1996). This proposal is ba
on a three-way classification of languages
cording to their predominant rhythmic struct
(Abercrombie, 1967; Pike, 1945). By this cl
sification, most Romance languages (e
French, Italian, and Spanish) have a rhy
based on the syllable, most Germanic langu
(e.g., English, Dutch, and German) have
rhythm based on the stress unit, while langua
such as Japanese have a mora-based rh
Evidence for these rhythmic classes is repo
in several recent investigations (Arvaniti, 19
den Os, 1988; Fant, Kruckenberg, & No
1991; Nazzi, 1997; Shafer, Shucard, & Jae
1999; Ramus, Nespor, & Mehler, 1999).

The view that the rhythmic properties of la
guage help to shape listeners’ processing s
egies has influenced views of how infants
velop efficient procedures for process
native-language utterances. Mehler, Dupo
Nazzi, and Dehaene-Lambertz (1996) propo
that procedures for segmenting native-langu
utterances originate in a sensitivity to linguis
rhythm that allows infants to distinguish utt
ances from various rhythmic classes.

Several prior investigations of infants’ la
guage-discrimination abilities allow for an ev
uation of infants’ sensitivity to rhythm. Mehle
Jusczyk, Lambertz, Halsted, Bertoncini, a
Amiel-Tison (1988) studied French newbor
and 2-month-old American infants’ abilities
discriminate utterances drawn from langua
of different rhythmic classes. Both groups
infants discriminated utterances in their na
language from those in a foreign language (R
sian and Italian, respectively), but neither gr
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3FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
appeared to discriminate between two fore
languages. This led to the conclusion that e
language discrimination was based on reco
tion of the native language (see also Bahric
Pickens, 1988; Dehaene-Lambertz & Hous
1998; Moon, Panneton-Cooper, & Fifer, 19
rather than on rhythmic-class discriminati
However, the latter conclusion was undermi
by a subsequent reanalysis of these data
Mehler and Christophe (1995) in which the d
for the different subgroups were merged. T
new analysis showed that the newborns
discriminate the foreign languages (altho
the 2-month-olds had not), thus raising the p
pect that newborns did rely on rhythmic diff
ences.

To clarify the issue, Nazzi, Bertoncini, a
Mehler (1998) conducted a new study w
newborns, testing the hypothesis that infa
extract the rhythmic characteristics of utt
ances and use these characteristics to sort
ances (languages) into a limited number
rhythmic classes. Thisrhythmic hypothesi
which predicts that infants only discrimina
languages belonging to different rhythm
classes, was tested by systematically var
the rhythmic distance between the langua
presented.

Nazzi et al.’s results supported the rhythm
hypothesis. French newborns discriminated
foreign languages from different rhythm
classes, stress-based British English and m
based Japanese, but did not discriminate
languages from the stress-based class, B
English and Dutch. In another experiment,
fants were familiarized with utterances fro
two languages and then tested on whether
discriminated these from utterances from
other languages. Discrimination was fou
when the languages were paired accordin
the rhythmic classes (i.e., stress-based Br
English and Dutch vs syllable-based Italian
Spanish), but not when the pairing was m
across the rhythmic classes (i.e., British Eng
and Italian vs Dutch and Spanish). Hence, n
borns discriminated the languages only w
there was a rhythmic basis for doing so. Mo
over, it appeared that newborns were not se
tive to the prosodic differences existing betw
y
i-
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languages from the same rhythmic class o
least that the intraclass differences were
important than the intraclass similarities. Ad
tional support for the view that young infan
have difficulty discriminating languages fro
the same rhythmic class comes from the find
that English 2-month-olds do not discrimin
British English from Dutch (Christophe & Mo
ton, 1998).

The finding that young infants are sensitive
linguistic rhythm lends support to the rhythm
hypothesis. Sensitivity to rhythmic featu
would initially allow infants to classify utte
ances into the rhythmic classes that appea
determine adults’ segmentation procedures
their article Nazzi et al. noted that the age
which infants begin to discriminate langua
from the same rhythmic class remained to
determined. Since then, Bosch and Sebas´n-
Gallés (1997; Bosch, 1998) reported t
4-month-olds from Barcelona can discrimin
Spanish and Catalan, two syllable-based
guages, one of which was the native languag
the infants. This finding suggests an evolu
between birth and 4 months in infants’ abilit
to discriminate languages that cannot be
counted for solely by the rhythmic hypothes
Several interpretations of this result are po
ble, three of which are outlined below.

According to therhythmic-class acquisitio
hypothesis,proposed by Nazzi et al. (199
infants’ initial sensitivity to rhythmic classes
the foundation for learning about the comm
rhythmic organization of the native rhythm
class. Knowledge of this organization could
low infants to develop the effective procedu
used by adults for processing and segmen
speech in the native rhythmic class. It could a
enable them to perform more detailed analy
of the rhythmic properties of languages wit
the native class, leading to improvements
discriminating languages within that class. A
cordingly, by a few months of age, infan
should discriminate any two languages from
native rhythmic class, but should not discrim
nate languages belonging to the same for
rhythmic class.

However, two other possibilities are wo
considering. Thenative-language acquisitio
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4 NAZZI, JUSCZYK, AND JOHNSON
hypothesisasserts that newborns’ sensitivity
rhythmic classes might lead to learning
rhythmic properties of their native langua
(those that it shares with other languages
those that distinguish it from other language
its class) rather than the common propertie
the native-language class as a whole. This
tern of acquisition is similar to the one obser
for the acquisition of the phonetic and pho
tactic properties of the native language. In
latter case, early perceptual categories see
pave the way for learning about the phon
and phonotactic organization of their langu
(Jusczyk et al., 1993b; Jusczyk, 1998a; We
& Tees, 1984). This hypothesis predicts that
ability to discriminate languages evolves dur
the first months with the emergence of the a
ity to discriminate the native language fro
foreign languages belonging to the native rh
mic class. However, infants should not discr
inate two foreign languages from the nat
rhythmic class (except possibly if one langu
is much closer to the native language than
other), nor should they discriminate betwe
two foreign languages from the same fore
rhythmic class.

Finally, infants may undergo a general m
uration process between birth and 4 months
allows them to make more subtle language
criminations. Thismaturation hypothesisholds
hat, at some point in development, infa
hould discriminate any two languages, p
ided that they differ sufficiently at the acous
evel. Furthermore, infants should discrimin
anguages both within the native language c
nd within foreign classes.
The goal of the present study was to de
ine which one of these hypotheses best

cribes the evolution of infants’ languag
iscrimination abilities. Consequently, we
lored the language-discrimination abilities
nglish-learning 5-month-olds (about the sa
ge as those tested by Bosch, 1998; Bosc
ebastia´n-Gallés, 1997). However, testing the
lder infants necessitated using a different
edure than the one used by Nazzi et al. (19
ith newborns and Christophe and Mor

1998) with 2-month-olds. For this purpose,
dapted the Headturn Preference Proce
d
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HPP) to provide a discrimination measure (
lso Bosch, 1998). Because of the new pr
ure, we decided to begin by testing infants

anguage contrasts involving languages f
ifferent rhythmic classes. Specifically, we p
ented one language from the infants’ nat
anguage rhythmic class (stress-based Br
nglish) and one from a different rhythmic cla

mora-based Japanese) in Experiment 1 and
anguages from different nonnative langu
hythmic classes (syllable-based Italian vs
a-based Japanese) in Experiment 2. Exp
ent 3 examined infants’ discrimination o
air of languages from a rhythmic class t
iffered from that of their native language (i.
yllable-based Italian vs syllable-based Sp
sh). Finally, Experiments 4 to 6 examined
ants’ abilities to discriminate three langua
airs from their native-language rhythmic cl
British English vs Dutch in Experiment
merican English vs British English in Expe

ment 5; Dutch vs German in Experiment 6)
rder to clarify the nature of this ability.

EXPERIMENT 1

Given previous findings in which infants d
riminated between utterances from their na
anguage and utterances from another lang
f a different rhythmic class (Bahrick & Pic
ns, 1988; Dehaene-Lambertz & Hous
998; Hesketh, Christophe, & Dehaene-La
ertz, 1997; Mehler et al., 1988), Americ
-month-olds should discriminate utterance
merican English from ones in Japanese. H
ver, because Nazzi et al.’s (1998) investiga

s a critical reference point for investigating
iscrimination of languages from within a
etween rhythmic classes, we thought it wis
se the same materials, insofar as possible.
equently, because Nazzi et al. had used st
roduced by British-English speakers, we
ided to use those same samples. One pote
isk in using these samples is that perce
ifferences between British English and Am

can English might be distracting to the infan
erhaps hindering their discrimination of th
amples from ones in Japanese. However
ording to the rhythmic hypothesis and the
ults with newborns (Nazzi et al., 1998), infa
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5FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
should discriminate languages from differ
rhythmic classes even when both are fore
languages. Hence, we predicted that 5-mo
old American infants would discriminate the
British-English samples from ones from a d
ferent rhythmic class (i.e., Japanese).

Method

Participants. Twenty American 5-month
olds (13 males and 7 females) from mono
gual English-speaking homes participated.
infants’ average age was 148 days (range5 136
o 167 days). The data from an additional
nfants were not included for the following re
ons: fussing and crying (6), experimental
ors (2), failing to listen for an average of 3 s to
assages of each language (1), and not tur

o the lights (1).
Stimuli. The stimuli consisted of 8 British

English and 8 Japanese passages (see A
dix). Each passage was made up of 5 unrel
sentences recorded by the same speaker
sentences were those used in Experiment
Nazzi et al., 1998). Four female native spea
of each language had been recorded. E
speaker had read 10 sentences of her n
language (in other words, each speaker reco
2 of the passages for her language). Here a
all the following experiments, efforts we
made to minimize voice-quality differenc
(pitch and timbre) of the different speake
both within and between languages. In line w
the materials used in previous investigation
language-discrimination abilities, the utteran
were produced as adult-directed speech.
mean duration of the passages was about
for the two languages, and the same dura
was used in all the following experiments
ported here.

Procedure and apparatus.The experimen
was conducted in a three-sided test booth m
of pegboard panels. Except for a small sec
of preexisting holes in the front panel used
monitoring the infant’s headturns, the pan
were backed with white cardboard to prev
the infant from seeing behind the panels.
test booth had a red light and a loudspea
(7-inch Advent) mounted at eye level on eac
the side panels and a green light mounted on
t
n
-

e

-

g

n-
d
he
of
s
h
e
d

in

,

f
s
e
s

n

e
n

t
e
r
f
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center panel. Directly below the center ligh
5-cm hole accommodated the lens of a vi
camera used to record each test session. A w
curtain suspended around the top of the b
shielded the infant’s view of the rest of t
room. A computer terminal (Macintosh Qua
650) and response box were located behind
center panel, out of view of the infant. T
response box, which was connected to the c
puter, was equipped with a series of buttons
started and stopped the flashing center and
lights, recorded the direction and duration
headturns, and terminated a trial when the in
looked away for more than 2 s. Informati
about the direction and duration of the he
turns and the total trial duration were stored
a data file on the computer.

A modified version of the HPP was used
the present study. Normally, in HPP, infants
presented with two types of materials, and p
erences for one type or the other are inde
from a comparison of average orientation tim
to each type (Hirsh-Pasek, Kemler Nelson,
czyk, Wright Cassidy, Druss, & Kenned
1987; Kemler Nelson, Jusczyk, Mandel, Mye
Turk, & Gerken, 1995). In such cases, infa
display a preference for materials that confo
to a familiar structure in their native langua
be it syntactic form (Hirsh-Pasek et al., 198
phonotactic structure (Jusczyk et al., 1993b
the predominant word-stress pattern (Jusczy
al., 1993a). However, the objective of
present version of the procedure was to
language discrimination irrespective of infan
prior experience with a particular langua
Thus, we habituated infants to utterances in
language, then measured their orientation ti
to new utterances in the same language o
new ones in a new language. Given Bosc
(1998) findings, we expected that if infants d
criminated between the languages, during
test phase they would listen longer to the p
sages from the new language.

Each infant was held on the lap of a careg
seated on a chair in the center of the test bo
Each trial began by blinking the green light
the center panel until the infant oriented in t
direction. Then, the center light was ext
guished and the red light above the loudspe
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6 NAZZI, JUSCZYK, AND JOHNSON
on one of the side panels began to flash. W
the infant turned at least 30° in the direction
the light, the stimulus for that trial began to p
and continued until the five sentences in
passage had been presented or until the in
failed to maintain the 30° headturn for 2 co
secutive s. The stimuli, digitized on the co
puter, were presented over 7-inch Advent lo
speakers via a 12-bit D/A converter, antialias
filters, and a Kenwood audio amplifier (Mod
KA 5700). If the infant turned away from th
target by 30° in any direction for less than
and then turned back again, the time spent lo
ing away was not included in the orientat
time. Thus, the maximum orientation time fo
given trial was the duration of the entire spe
sample. The red light flashed for the duration
the trial.

In the familiarization phase, four passa
in one language (two different passages f
two different speakers of the same langua
were presented until infants had listened fo
least 20 s to each passage. In the test ph
infants heard four passages from the o
language (spoken by two different speak
and four new passages from the familiari
tion language (spoken by the remaining t
speakers). The order of presentation of
eight test passages was randomized for
infant. The side of the loudspeaker fro
which the stimuli were presented was r
domly varied from trial to trial.

An observer hidden behind the center pa
looked through a peephole and recorded
direction and duration of the infant’s headtu
using a response box. The observer was
informed as to the familiarized language con
tion (British English vs Japanese) to which
infant was assigned. Because both the obse
and the infant’s caregiver wore earplugs
listened to masking music over tight-fitti
closed headphones, they were unaware o
ordering of the test samples.

Design.Ten infants were randomly assign
to each of two groups, defined in terms of
language (British English or Japanese)
sented in the familiarization phase.
n

nt
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f
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Results

Mean orientation times to the two langua
in the test phase were calculated for each in
Fifteen of the 20 infants had longer orientat
times for the passages in the nonfamiliari
language. Across all infants, the average or
tation times were 9.25 s (SD 5 3.25 s) for the
passages in the new language and 8.22 s (SD5
2.06 s) for the passages in the familiarized
guage (see Fig. 1). A two-way ANOVA wi
the main between-subjects factor of group
miliarized with British English vs Japanese) a
the main within-subjects factor of status (new
familiarized language during test) reveale
significant main effect of status,F(1, 18) 5

.06, p 5 .037. Infants had significantl
longer orientation times to the new langu
than to the familiarized one. There was no ef
of group, F(1, 18) , 1, and no interactio
between the two factors,F(1, 18)5 1.30,p 5
.27. Thus, regardless of whether the infa
were familiarized with British English or Jap
nese utterances, they listened significa
longer to the samples in the other langu
during the test phase.

FIG. 1. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 1. The languages tested are B
English and Japanese.
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7FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
Discussion

The present findings demonstrate that Am
ican 5-month-olds discriminate British-Engl
from Japanese passages. These findings pr
further confirmation of infants’ abilities to di
criminate these two languages and extend
new age group the results found for newbo
(Nazzi et al., 1998) and 2-month-olds (Hesk
et al., 1997). In line with the rhythmic hypot
esis, 5-month-olds discriminated a langu
from their native-language rhythmic class (i
stressed based) from a language from a diffe
rhythmic class (i.e., mora-based).

The symmetry of the infants’ preference
the new language in the two language famil
ization conditions is interesting. Whether
fants considered British English as their na
language or not, this symmetry suggests
infants compared the incoming test passa
with the language they were familiarized w
rather than to some stored representatio
native-language rhythmic features. Hence,
present method is appropriate for testing
fants’ discrimination of languages, independ
of their familiarity with the languages pr
sented.

EXPERIMENT 2

Because Experiment 1 pitted a language f
the native-language rhythmic class against
from a nonnative rhythmic class, infants’ pr
familiarity with the rhythmic properties of E
glish may have been sufficient to discrimin
the two languages. To determine if infants
discriminate two unfamiliar languages from d
ferent nonnative rhythmic classes, we prese
our English learners with a contrast betwee
syllable-based language (Italian) and a m
based language (Japanese). According to
rhythmic hypothesis, because these langu
come from different rhythmic classes, infa
should have no difficulty in discriminatin
them, despite their lack of prior experience w
either language. Still, in a prior investigati
(Christophe & Morton, 1998) English-learni
2-month-olds did not distinguish a syllab
based language (French) from a mora-ba
language (Japanese). A similar failure to
-

de

a
s

e
,
nt

-

t
s

f
e
-
t

e

d
a
-
e

es

d
-

criminate in the present experiment would
ply that either the present method is not se
tive enough or experience with the rhythm
properties of a particular language plays a
nificant role in 5-month-olds’ discrimination
languages (even ones from different rhyth
classes).

Method

Participants. Twenty American 5-month
olds (11 males and 9 females) from mono
gual homes participated. The infants’ aver
age was 157 days (range5 135 to 180 days

he data from 10 additional infants were
ncluded because of fussing or crying (
quipment failure (1), and failure to look at t

ights (1).
Stimuli.The eight Japanese passages wer

ame as in Experiment 1. In addition, as
xperiment 1, eight Italian passages of five s

ences each (see Appendix) were created
he materials used in Experiment 3 of Nazz
l. (1998). Once again, there were four differ

emale Italian speakers and two different p
ages from each speaker. The eight Italian
ences were matched with the Japanese on
heir number of syllables, which varied from
o 21.

Procedure, apparatus, and design.The pro-
edure and the apparatus were the same
xperiment 1. Ten infants were randomly
igned to each of two groups, according to
anguage (Japanese or Italian) presented in
amiliarization phase.

esults

Mean orientation times to the two langua
n the test phase were calculated for each in
ourteen of the 20 infants had longer orienta

imes for the passages in the nonfamiliari
anguage. Across all infants, the average or
ation times were 7.80 s (SD 5 3.26 s) for the
assages in the new language and 5.81 s (SD5
.22 s) for the passages in the familiarized
uage (see Fig. 2). A two-way ANOVA wi

he between-subjects factor of group and
ithin-subjects factor of status revealed a
ificant main effect of status,F(1, 18)5 5.69,

5 .028. Infants’ orientation times we
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8 NAZZI, JUSCZYK, AND JOHNSON
longer to the new than to the familiarized la
guage. There was no effect of group,F(1,
18) , 1, and no interaction between the t
factors,F(1, 18) , 1.

Discussion

Despite their lack of previous experien
with either language, American 5-month-o
discriminated Italian from Japanese utteran
Thus, evidence of infants’ ability to discrim
nate between rhythmic classes is extended t
previously untested syllable- vs mora-timed
tinction. Moreover, as predicted by the rhy
mic hypothesis and as was previously sho
with newborns (Nazzi et al., 1998), infants c
discriminate languages from different rhythm
classes even when neither language comes
the native rhythmic class. Hence, both stu
suggest that experience is not required for
fants to discriminate languages that come f
different rhythmic classes.

At this point, it is worth considering an a
parent paradox. Although both newborns
5-month-olds discriminate pairs of foreign la
guages from different rhythmic classes, b
Mehler et al. (1988) and Christophe and Mor

FIG. 2. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 2. The languages tested are Italia
Japanese.
s.

e
-

n

m
s
-

d

(1998) were unable to establish that Engl
learning 2-month-olds discriminated such p
(French–Russian, French–Japanese, and D
Japanese). A preliminary experiment we c
ducted may provide an explanation for this d
crepancy. Initially, we tested 5-month-old
ability to discriminate British English from Ja
anese using an adaptation of the HPP proce
(Tucker, Jusczyk, & Jusczyk, 1997) that w
more similar to the one used by Mehler et
(1988) and Christophe and Morton (1998).
this other procedure, infants were habituate
utterances in one language and then teste
new utterances from either the same languag
a different language rather than with both l
guages as in the present study. Also, the
analysis in the present study took into acco
performance on all test trials, as opposed to
change trial measure used in the earlier stu
As with the earlier studies using versions of
habituation procedure (and contrary to
present study), we found no evidence of
crimination between British English and Ja
nese. Thus, the failure to find evidence fo
discrimination of foreign languages from diffe
ent rhythmic classes at 2 months of age ma
attributable to an insensitive test procedure
those studies rather than evidence agains
rhythmic hypothesis. Conversely, a compari
of the results of our preliminary experime
with those of Experiments 1 and 2 indicates
the present modification of the HPP is su
ciently sensitive for testing the discriminati
of languages, even when both languages
unfamiliar to the infants.

Having established the sensitivity of the p
cedure, we now explore 5-month-olds’ ability
discriminate languages from the same rhyth
class. In the introduction, we noted three co
peting hypotheses that might explain the em
gence of within-class language discriminat
around 4–5 months of age. Two of the hypo
eses—the rhythmic-class acquisition and
native-language acquisition hypotheses—
dict that within-class language discriminat
should not occur within a nonnative rhythm
class, while the maturation hypothesis pred
it should.

)

st
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9FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
EXPERIMENT 3

To determine if American 5-month-olds c
discriminate between two languages from
same nonnative rhythmic class, we tested t
on utterances from two syllable-based l
guages, Italian and Spanish. If, as the mat
tion hypothesis posits, 5-month-olds are sim
more sensitive to general properties of so
organization that mark differences among
guages, whether inside or outside the nat
language rhythmic class, English learn
should discriminate Italian and Spanish ut
ances. Alternatively, if either the rhythmic-cla
acquisition or the native-language acquisi
hypothesis is correct, familiarity with the n
tive-language rhythmic class determi
whether infants will discriminate languag
from the same rhythmic class. Consequen
because American 5-month-olds’ experienc
with a stress-based rhythmic class, they sh
not discriminate between two syllable-ba
languages, such as Italian and Spanish.

Method

Participants. Twenty American 5-month
olds (12 males and 8 females) from mono
gual homes participated. The infants’ aver
age was 148 days (range5 133 to 162 days

he data from seven additional infants were
ncluded because of fussing or crying.

Stimuli. Eight Italian and eight Spanish pa
ages of five sentences each (see Appe
rom Nazzi (1997) were used here. The Ita
assages were the same as those in Exper
. These Italian sentences were matched

he Spanish ones on their number of syllab
hich varied from 15 to 21. As with the ma

ials in the other experiments, four female Sp
sh speakers recorded ten of the sentences.
truction of the Spanish passages was the
s in the previous experiments.
Procedure, apparatus, and design.The pro-

edure and the apparatus were identical to t
escribed in Experiment 1. Ten infants w
andomly assigned to each of two groups,
ording to the language (Italian or Spanish
he familiarization phase.
m
-
-

d
-
-

s
-

,
s
ld
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t

x)

nt
h
,

-
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esults

Mean orientation times to the two langua
n the test phase were calculated for each in
leven of the 20 infants had longer orientat

imes for the passages in the nonfamiliari
anguage. Across all infants, the average or
ation times were 7.59 s (SD 5 2.57 s) for the
assages in the new language and 7.52 s (SD5
.98 s) for the passages in the familiarized
uage (see Fig. 3). A two-way ANOVA wi

he between-subjects factor of group and
ithin-subjects factor of status revealed no
ificant effect of status,F(1, 18) , 1, indicat-

ing that infants’ orientation times to the n
language did not differ from those to the fam
iarized one. There was an effect of group,F(1,
18) 5 8.80, p 5 .01, but no interaction
between the two factors,F(1, 18) , 1. Al-
though infants familiarized with Italian ha
longer orientation times during the test ph
(M 5 8.95 s,SD5 2.94) than infants familia
zed with Spanish (M 5 6.16 s,SD 5 1.66),
oth groups of infants displayed a similar p

ern of results with respect to language pre
nce during the test phase.

FIG. 3. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 3. The languages tested are Italia
Spanish.
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10 NAZZI, JUSCZYK, AND JOHNSON
Discussion

The present experiment provides no evide
that American 5-month-olds discriminated It
ian and Spanish, two languages from a non
tive rhythmic class (i.e., syllable-based). T
result argues against the view that the disc
ination of languages from the native rhythm
class (Bosch & Sebastia´n-Gallés, 1997) is th
result of general maturation of processing a
ities (maturation hypothesis). However, l
Bosch and Sebastia´n-Gallés (1997) findings,
s consistent with the predictions of the ot
wo competing hypotheses. According to
hythmic-class acquisition hypothesis, the
rimination of languages from the same rhy
ic class should be limited to the native cla
imilarly, the native-language acquisition h
othesis predicts that infants should only
riminate languages from the same rhyth
lass when one is the native language (or w
ne language is much closer to the native
uage than the other). In the next three exp
ents, we tested American 5-month-olds
ifferent pairs of languages from their nat
hythmic class. The goal was to determ
hether they discriminate languages from t
ative stress-based rhythmic class and whe

his ability conforms to the predictions of t
hythmic-class acquisition hypothesis or the
ive-language acquisition hypothesis.

EXPERIMENT 4

To determine if American infants discrim
ate two languages from their native-langu
hythmic class, we first tested them on Brit
nglish and Dutch. As noted earlier, prior st

es provide no evidence that younger infa
hether French newborns (Nazzi et al., 1998
nglish 2-month-olds (Christophe & Morto
998), discriminate British English and Dut
owever, considerable evidence indicates

nfants learn much about fine-grained phon
nd prosodic properties of words and syllab
eginning at around 6 months of age (fo
eview see Jusczyk, 1997). A development
arlier sensitivity to the rhythmic organizati
f more global units of native language input

he sentence level investigated here) would
e

-

-

-

-
-
.

-

n
-
i-

r
er

-

e

,
r

t
c
s

t
t

e surprising. Certainly, Bosch and Sebast´n-
allés’ (1997) findings that 4-month-olds fro
arcelona discriminate syllable-based Spa
nd Catalan fit this pattern. Consequently,
xpected American 5-month-olds to discri
ate stress-based British English and Dutch

ethod

Participants. Twenty American 5-month
lds (10 males and 10 females) from mono
ual homes participated. The infants’ aver
ge was 156 days (range5 147 to 173 days
he data from five additional infants were

ncluded because of fussing or crying.
Stimuli. The eight British-English passag

rom Experiment 1 plus eight compara
utch passages (taken from Experiment 2
azzi et al., 1998) were used here. The e
utch passages of five sentences each (see
endix) were recorded from four different
ale speakers, each of whom recorded two

ages. These passages were matched wit
ritish-English ones on their number of syl
les, which varied from 15 to 21.
Procedure, apparatus, and design.The pro-

edure and the apparatus were largely the s
s in Experiment 1. The only exception was
ew loudspeakers (Cambridge Soundwo
ew Ensemble II loudspeakers) were used.

nfants were randomly assigned to each of
roups, according to the language (British
lish or Dutch) in the familiarization phase.

esults

Mean orientation times to the two langua
n the test phase were calculated for each in
hirteen of the 20 infants had longer orientat

imes for the passages in the nonfamiliari
anguage (one infant had a null score). Acr
ll infants, the average orientation times w
.50 s (SD5 3.08 s) for the passages in the n

anguage and 6.79 s (SD 5 3.29 s) for those i
he familiarized language (see Fig. 4). A tw
ay ANOVA with the between-subjects fac
f group and the within-subjects factor of sta
evealed a significant main effect of status,F(1,
8) 5 6.73, p 5 .018. Infants’ orientation

imes were longer to the new language tha
he familiarized one. There was no effect



e-

can
nd
lds
me
s a
tia
ds
am
an
lan
yth

o
rns
in
in

ges
bil
ge
na
ts
in

nts
ic

hey
the
rac-
ng

s of
ss
er-

&
ge
ctal
the
n-
an

hin
ui-

ate
ges
ion
lore

rit-
to

in-
al.
ed,
an
ding
the
ive
na-
na-
be-
us
wo
sue,
dis-
rit-
as-

btle
dis-
re
ply
wo
ages,

ars
the

e te
ritis

11FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
group, F(1, 18) , 1, and no interaction b
tween the two factors,F(1, 18) , 1.

Discussion

The present results reveal that Ameri
5-month-olds discriminated British English a
Dutch. Thus, English-learning 5-month-o
discriminate two languages from the sa
(stress-based) rhythmic class. These result
consistent with those of Bosch and Sebas´n-
Gallés (1997), who found that 4-month-ol
also discriminated two languages from the s
rhythmic class (syllable-based Spanish
Catalan). Note that in both cases, the two
guages belonged to the native-language rh
mic class.

The present results contrast with those
Nazzi et al. (1998), who found that newbo
discriminate and classify languages accord
to broad rhythmic classes. The difference
behavior across these two age groups sug
an evolution of infants’ speech-processing a
ities between birth and 4 to 5 months of a
leading to more subtle language discrimi
tions. What factors drive this change in infan
abilities to discriminate languages from with

FIG. 4. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 4. The languages tested are B
English and Dutch.
re

e
d
-
-

f

g

ts
-
,
-
’

the native-language rhythmic class? Are infa
learning only about the particular rhythm
properties of their native language, or are t
acquiring more general information about
class of languages with these rhythmic cha
teristics that allows them to differentiate amo
them?

One characteristic common to both case
language discrimination within a rhythmic cla
(British English and Dutch in the present exp
iment and Spanish and Catalan in Bosch
Sebastian-Galle`s, 1997) is that one langua
was the infants’ native language, or a diale
variant of it. This fact raises questions about
extent of infants’ abilities to discriminate la
guages from their native rhythmic class. C
infants discriminate any two languages wit
the native rhythmic class (rhythmic-class acq
sition hypothesis), or can they only discrimin
their native language from other langua
within this class (native-language acquisit
hypothesis)? The next two experiments exp
this issue.

EXPERIMENT 5

As noted earlier, the rationale for using B
ish English in the earlier experiments was
provide a direct comparison of our with
rhythmic-class results to those of Nazzi et
(1998). However, although it is stress-bas
British English is not the dialect that Americ
infants are learning. Consequently, one rea
of the results of Experiments 1 and 4 is that
infants treated British English as their nat
language and that they discriminated their
tive language from a foreign language. Alter
tively, the infants may have distinguished
tween American and British English and th
discriminated what they perceived to be t
nonnative languages. To investigate this is
we tested whether American 5-month-olds
criminate these two English dialects, using B
ish and American versions of the same p
sages. Given that this distinction is more su
than any other tested so far, evidence of a
crimination would allay doubts that the failu
to discriminate Italian and Spanish is sim
attributable to the greater similarity of these t
languages than of the stress-based langu

)
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12 NAZZI, JUSCZYK, AND JOHNSON
British English and Dutch (as suggested by
anonymous reviewer). Furthermore, a find
that American 5-month-olds do discrimin
British from American English would be a
other indication of their developing sensitiv
to the particulars of native-language sound
ganization.

Method

Participants. Twenty American 5-month
olds (11 males and 9 females) from mono
gual homes participated. The infants’ aver
age was 156 days (range5 145 to 165 days

he data from six additional infants were
ncluded because of fussing or crying (5) and
borted session due to a bowel movement
Stimuli. The eight British-English passag

rom Experiment 1 plus eight compara
merican-English passages were used here
ppendix). The eight American passages of
entences each were recorded from four di
nt female speakers of a Northeastern Amer
nglish dialect. Once again, each speake
orded two of the passages. The British
merican passages contained identical

ences and thus were matched in their numb
yllables, which varied from 15 to 21.
Procedure, apparatus, and design.The pro-

edure and the apparatus were identical to t
escribed in Experiment 4. Ten infants w
andomly assigned to each of two groups,
ording to the dialect (British or American)
he familiarization phase.

esults

Mean orientation times to the two langua
n the test phase were calculated for each in
ifteen of the 20 infants had longer orientat

imes for the passages in the nonfamiliari
anguage. Across all infants, the average or
ation times were 7.97 s (SD 5 2.67 s) for the
assages in the new language and 7.03 s (SD5
.91 s) for the passages in the familiarized
uage (see Fig. 5). A two-way ANOVA wi

he between-subjects factor of group and
ithin-subjects factor of status revealed a
ificant main effect of status,F(1, 18)5 5.62,

5 .029. Infants’ orientation times we
onger to the new than to the familiarized d
n

-

e

n
.

ee

-
n
-

d
-
f

e

-

t.

-

-

e
-

ect. There was no effect of group,F(1, 18) ,
, and no interaction between the two fact
(1, 18) , 1.

iscussion

The present results indicate that Ameri
-month-olds discriminated British- and Am

can-English dialects. Thus, not only can th
iscriminate two different languages with

heir native-language rhythmic class, but t
lso can discriminate two different dialects

heir native language. These findings sug
hat 5-month-olds are attentive to features
ound organization that serve to distinguish
uages within their native-language rhythm
lass. Thus, it is very unlikely that the failure
iscriminate syllable-based Spanish and Ita
Experiment 3) is due to the fact that th
anguages were intrinsically too similar. Mo
ikely, English-learning infants’ lack of expe
nce with syllable-based languages is the de

ng factor in their inability to discriminate Spa
sh and Italian. The present results furt
uggest that infants in Experiment 4 may a
lly have been discriminating between w

hey perceived to be two nonnative langua

FIG. 5. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 5. The languages tested are B
English and American English.
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13FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
from within their native-language rhythm
class. At the very least, it appears that infa
are not limited to their own native dialect
discriminating two languages from within th
native-language rhythmic class. Althou
5-month-olds might have a detailed and spe
representation of the native language to wh
they have been exposed, their ability to discr
inate languages from within the same rhyth
class goes beyond comparing utterances
conform to their prior experience with ones t
differ from it.

How far can 5-month-olds go in discrimin
ing two nonnative languages in the native-l
guage rhythmic class? Although they may p
ceive a difference between British a
American dialects of English, Americ
5-month-olds may still find many similariti
between them. Hence, discriminating Brit
English from Dutch may still involve a contra
between utterances that are very similar to w
they have experienced and ones that are co
erably more different. Would America
5-month-olds fare as well in discriminating tw
nonnative stress-based languages that are
to be equally unfamiliar to them?

EXPERIMENT 6

Testing American 5-month-olds’ abilities
discriminate two unfamiliar languages from
stress-based rhythmic class should clarify
nature of their language-discrimination abiliti
If experience with their own native langua
makes infants more sensitive to subtle dif
ences in the rhythmic organization of langua
in that class, as the rhythmic-class acquisi
hypothesis predicts, infants should discrimin
two unfamiliar languages. Alternatively,
5-month-olds’ sensitivity to the rhythmic org
nization of languages is tied more closely
their knowledge of native-language rhythm
structure, as the native-language acquisition
pothesis holds, they may have more difficulty
discriminating languages that diverge too m
from familiar patterns. To resolve this issue,
tested American 5-month-olds’ ability to d
criminate two unfamiliar stress-based l
guages, German and Dutch.
s

c
h
-

at
t

-
-

t
d-

ly

e
.

-
s
n
e

-

Method

Participants. Twenty American 5-month
olds (10 males and 10 females) from mono
gual homes participated. The infants’ aver
age was 160 days (range5 151 to 179 days

he data from three additional infants were
ncluded because of fussing or crying (2)
ailure to look at the lights (1).

Stimuli. The eight Dutch passages from E
eriment 4 plus eight comparable German
ages were used here (see Appendix). The
erman passages of five sentences each

ecorded from four different female speake
ach of whom recorded two passages. T
assages were matched with the Dutch one

heir number of syllables, which varied from
o 21.

Procedure, apparatus, and design.The pro-
edure and the apparatus were identical to t
escribed in Experiment 4. Ten infants w
andomly assigned to each of two groups,
ording to the language (German or Dutch
he familiarization phase.

esults

Mean orientation times to the two langua
n the test phase were calculated for each in
en of the 20 infants had longer orientat

imes for the passages in the nonfamiliari
anguage. Across all infants, the average or
ation times were 5.82 s (SD 5 2.77 s) for the
assages in the new language and 5.59 s (SD5
.02 s) for the passages in the familiarized
uage (see Fig. 6). A two-way ANOVA wi

he between-subjects factor of group and
ithin-subjects factor of status revealed no
ificant effect of status,F(1, 18) , 1, indicat-

ing that orientation times to the new langu
did not differ from the familiarized one. Neith
was the effect of group,F(1, 18), 1, nor was
the interaction between the two factors sign
cant,F(1, 18) , 1.

Discussion

The present results indicate that Ameri
5-month-olds did not discriminate German fr
Dutch utterances, even though both langua
belong to the same stress-based rhythmic
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14 NAZZI, JUSCZYK, AND JOHNSON
as English. These findings contrast with thos
Experiments 4 and 5, in which American infa
discriminated British English from Dutch a
British English from American English. Henc
English-learning 5-month-olds are not equ
adept at discriminating languages from wit
the native rhythmic class. Rather, their ability
discriminate stress-based languages appea
be tied to how similar these languages ar
their own native-language dialect. When one
the languages to be discriminated was ei
their own dialect or a related one, the infa
discriminated it from another stress-based
guage. However, when both languages w
more distant from the native-language dial
5-month-olds did not discriminate them. T
pattern of results is incompatible with the rhy
mic-class acquisition hypothesis, which pred
that infants should discriminate both famil
and unfamiliar languages from their native-l
guage rhythmic class. However, this pattern
results fits the predictions of the native-l
guage acquisition hypothesis, which holds
infants learn the specific rhythmic properties
their native language rather than general p
erties of the native rhythmic class as a who

FIG. 6. Mean orientation times (and standard error b
broken down by the language used in familiarization for
passages in the new versus familiarized language in th
phase of Experiment 6. The languages tested are Dutc
German.
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GENERAL DISCUSSION

Using a modified version of the Headtu
Preference Procedure (Jusczyk, 1998b; Ke
Nelson et al., 1995), we studied English-lea
ing 5-month-old Americans’ discrimination
languages. When languages from differ
rhythmic classes were presented (stressed-b
British English vs mora-based Japanese and
lable-based Italian vs mora-based Japanese
fants readily discriminated them. Combin
with previous results for younger infants (Ba
ick & Pickens, 1988; Dehaene-Lambertz
Houston, 1998; Hesketh et al., 1997; Mehle
al., 1988; Nazzi et al., 1998), these betwe
class discrimination results indicate sensiti
to different types of rhythm over the first
months of life. These results are in line with
rhythmic hypothesis. Namely, young infan
sensitivity to the rhythmic properties of utt
ances allows them to discriminate langua
belonging to different rhythmic classes (Na
et al., 1998).

The results for comparisons of langua
from the same rhythmic class suggest that
relation between the native rhythmic class
that of the languages to be discriminated
critical. For languages from a nonnative rhy
mic class (syllable-based Spanish and Itali
no discrimination was found. For languag
from the native language class, 5-month-o
showed some discrimination ability. They d
criminated British English from Dutch and th
native dialect (American English) from anoth
dialect (British English), but failed to discrim
nate German from Dutch. Earlier reports h
indicated that newborns and 2-month-olds
not discriminate languages from a same rh
mic class (Christophe & Morton, 1998; Nazz
al., 1998). Thus, one implication of the pres
results is that the ability to discriminate amo
languages within a rhythmic class has un
gone some development during the cours
the first 5 months. Our findings about how l
guage-discrimination abilities develop in t
period also have some interesting ramificat
for the three hypotheses proposed to explain
development of infants’ abilities to discrimina
languages.
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15FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
The maturation hypothesis states that the
vent of better processing abilities allows infa
to perform finer grained analyses of speech
to discriminate languages that differ sign
cantly at the acoustic level. This hypothe
cannot account for the fact that 5-month-o
discriminated the subtle distinction betwe
their native language (American English) a
another dialect of the same language (Bri
English), but did not discriminate two mo
distinctive pairs of languages (Italian vs Sp
ish and Dutch vs German).

The rhythmic-class acquisition hypothe
holds that the development of language-
crimination abilities stems from the acquisit
of the rhythmic properties shared by the diff
ent languages in the native-language rhyth
class. The fact that 5-month-olds discrimin
languages from within the same rhythmic cl
only when they are from the native-langua
rhythmic class fits the predictions of this h
pothesis. However, the failure of English-lea
ing 5-month-olds to discriminate Dutch a
German utterances is problematic for this
pothesis.

The native-language acquisition hypothe
seems to account best for the behavior
5-month-olds. This hypothesis states that
fants learn the specific rhythmic features of th
native language rather than those of the rh
mic class as a whole. Thus, utterances with
same general rhythmic properties (e.g., str
based rhythms for English learners) are ev
ated against infants’ knowledge of the spec
kinds of rhythmic patterns that they have f
quently experienced in their linguistic inp
Whenever one of the sets of utterances is sim
enough to the familiar patterns (as in the cas
British English for American infants), then i
fants can discriminate it from a set of utteran
that is more distant from the familiar rhythm
patterns. In effect, infants consider the latter
of utterances as outside those of their na
language. When both sets of utterances are
similar enough to be treated as outside the
tive language (as in the case of Dutch vs G
man or Spanish vs Italian for English-learne
infants appear to group them together as n
native language input.
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In summary, the developmental patt
across these various studies illustrates an
evolution of infants’ processing abilities, resu
ing in selectively finer language-discriminat
performance between birth and 5 months of
A complete description of how language-d
crimination abilities develop involves a com
nation of two components. An innate sensitiv
to rhythmic types, independent of any kno
edge of the rhythmic properties of the nat
language, explains abilities to discriminate l
guages from different rhythmic classes fr
birth onward. However, infants’ growin
knowledge of native-language rhythmic f
tures seems to be the key to their ability
discriminate languages from within the nati
language rhythmic class. Thus, elements of
the rhythmic hypothesis and the native-l
guage acquisition hypothesis are required
account for how language-discrimination ab
ties evolve between birth and 4–5 months.

What information do infants use to make
finer types of discriminations required to dist
guish between languages from within the sa
rhythmic class? Given the age of the infa
tested here, only two levels of linguistic info
mation could possibly have been used: the
sodic level and the phonetic–phonotactic le
These two alternative interpretations canno
completely disentangled in the present st
because both phonetic–phonotactic and
sodic information are included in the utteranc
Acoustic analyses that we carried out on
prosodic characteristics on a matched set o
sentences from the British English and Am
can English samples (4 sentences from eac
the 4 talkers of each dialect) indicated that t
were closely matched in their pitch contou
However, in accordance with Bolinger’s (198
observations, the British-English utterances
a greater proportion of higher sentence-in
pitches and a greater proportion of term
rises than the American-English utterances
addition, there was a suggestion that the Brit
English speakers tended to have greater
ability in the production of syllable duration
Although only marginally significant [t(15) 5
1.79, p , .10], thetendency was for Britis
speakers to use longer durations for stre
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16 NAZZI, JUSCZYK, AND JOHNSON
syllables than American speakers and sho
durations for unstressed syllables.

Several other pieces of information also se
to favor the prosodic alternative. First, the fi
ing in Experiment 5 that 5-month-olds discri
inate the same passages (with identical ph
tactics) in American English and Briti
English rules out phonotactic cues as a pos
explanation. If infants used any segmental
formation, it could have been subtle differen
in the acoustic realization of the same phone
in the two dialects. This possibility seems
likely given that American 6-month-olds do n
discriminate between lists of American-Engl
words and lists of Dutch words on the basis
phonetic and phonotactic differences (Jusc
et al., 1993b). The discrimination of such d
ferences was only evident in 9-month-ol
Given these results and the fact that the p
nemes of American English differ more fro
Dutch than from British English, it is unlike
that infants used phonemic differences to
criminate American English and British E
glish. Rather, the fact that the prosodic inf
mation in the British-English and Dut
passages in the present study is much ri
than that in the word lists used by Jusczyk e
(1993b) favors a prosodic account of their d
crimination. In addition, support for a proso
account comes from Bosch and Sebas´n-
Gallés’ (1997) findings that 4-month-old infan
from Barcelona discriminated Spanish a
Catalan even when the utterances were low-
filtered—a transformation that preserves p
sodic information while removing most of t
phonetic information.

Thus, there are grounds for believing t
infants rely on prosodic information to dist
guish their native language from other l
guages and dialects from the same rhyth
class. If so, then the evolution of the discrim
nation performance is based on a developme
trend that allows infants to do more fine-grain
analyses of the prosodic properties of their
tive language. Our acoustic analyses sug
that rhythmic properties play a role in su
discriminations, although this does not precl
contributions from other prosodic dimensio
such as pitch.
r
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Let us now consider the nature of the proc
that refines the discrimination of langua
from within a rhythmic class. The present fin
ings suggest that this process is rooted in
fants’ experience with their native langua
Perhaps the adaptation of speech-perceptio
pacities to native-language sound organiza
that has been observed for phonetic percep
(Best, Lafleur, & McRoberts, 1995; Kuhl, W
liams, Lacerda, Stevens, & Lindblom, 19
Werker & Tees, 1984) begins earlier for p
sodic features.

An increasing body of evidence indica
that, very early on, American infants acquire
prosodic features of their native language,
cluding its rhythmic patterns. In English, t
predominant rhythmic pattern of words is
trochaic stress pattern—a strong syllable
lowed by a weak syllable (Cutler & Carte
1987). Evidence for a preference for troch
words over iambic (weak-strong) wor
emerges between 6 and 9 months of ag
American infants (Jusczyk, Cutler, & Reda
1993a; Turk, Jusczyk, & Gerken, 1995). Se
tivity to this aspect of English sound organi
tion also influences how American infa
group syllables into word-like constituen
(Echols, Crowhurst, & Childers, 1997; Morga
1994, 1996). Finally, English-learning 7
month-olds can segment bisyllabic words w
trochaic patterns, but not ones with iambic p
terns, from fluent speech (Jusczyk, Houston
Newsome, 1999; Newsome & Jusczyk, 199

The temporal proximity of the emergence
prosodically based language discrimina
within the native language class and the ac
sition of the rhythmic pattern of the native la
guage should not pass unnoticed. Both phen
ena may reflect the same developmental tr
Infants begin with a language-general type
processing of prosodic properties that serve
distinguish among broad classes of langua
defined in terms of rhythmic type. Eventua
this type of processing gives way to langua
specific processing that reflects fine-grai
properties of the native language—a hallm
of adults’ language processing (Cutler et
1986; Mehler et al., 1981; Otake et al., 199
Within this framework, the emergence of la
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17FIVE-MONTH-OLDS’ LANGUAGE DISCRIMINATION
guage discrimination within the native-la
guage rhythmic class indicates an increas
attention to those fine-grained properties tha
few months later, result in the specification
the trochaic pattern for English.

One way to explore this proposal would be
conduct a longitudinal study to determine
there is a temporal correlation between
emergence of discrimination within the nati
language class and the acquisition of the
chaic pattern. But other information could a
bear on this matter. Thus, if learners of so
languages show delays in when they begi
discriminate their native language from oth
in the same rhythmic class, one might a
expect them to be slower in acquiring th
aspects of the native language that depen
the perception of fine-grained rhythmic prop
ties. For instance, with respect to one aspe
language that depends on a fine-grained rh
mic property, word segmentation, Dutch infa
begin to use stress cues only at 9 mon
whereas American infants begin to do so at
months (Kuijpers, Coolen, Houston, & Cutl
1998). If, relative to American infants, Dut
infants are also delayed in discriminating th
native language from others within the sa
class, this pattern would fit with the propo
outlined above.

In conclusion, our investigation establishe
developmental sharpening of infants’ proce
ing of prosodic information that allows for t
emergence of some within-class language
crimination by English-learning 5-month-old
This evolution in language-discrimination ab
ities seems to be driven by infants’ experie
with their native language. The role of linguis
experience in this process is manifested in
ways. First, discrimination of languages fr
within the native-language rhythmic class d
not occur when infants have no prior experie
with either language. Second, the fact
American 5-month-olds distinguish their dial
from British English suggests that they ha
learned a great deal about its specific rhyth
and prosodic organization. Whereas the rh
mic hypothesis provides an explanation of
fants’ abilities to discriminate languages fr
different rhythmic classes, the native-langu
n
a
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acquisition hypothesis offers the most straig
forward account of their abilities to discrimina
languages from within the native-langua
rhythmic class.

APPENDIX

Examples of the passages used for each language
complete list of passages can be obtained by mail from
authors or found at the following Internet address: w
psy.jhu.edu/;jusczyk.

Dutch: De prinses had kramp in haar hand van het li
doorknippen. Als je nog eens hier komt zwemmen, n
dan vooral een handdoek mee. Een gevoel van en
opluchting maakte zich van hem meester. Het nieuwe m
fiets werd afgedaan als een vergezocht modeversch
Dankzij de volle inzet van alle medewerkers is het pro
een succes.

British English and American English: The young b
got up quite early in order to watch the sunrise. T
supermarket had to close due to economic problems
committee will meet this afternoon for a special deb
Having a big car is not something I would recommen
this city. Mothers usually leave the maternity unit two d
after giving birth.

German: Der Knabe stand fruh auf, um die Sonne
gehen zu sehen. Der Supermarkt mußte wegen finanz
Probleme schließen. Das Kommittee wird sich nachmi
für die Debatte treffen. Ein großes Auto ist nicht etwas,
ich in dieser Stadt empfiehle. Mu¨tter verlassen gewohnlic
die Mutterschaftswarte zwei Tage nach der Geburt.

Italian: I genitori lasciano Marco senza risorse. Il ba
bino scese prestissimo per vedere l’alba. Non ha mai v
rendersi conto dei suoi gran difetti. Credo che riuscira
tuoi piani senza farti problemi di sorta. Alla riunione ś
rappresentata la delegazione tedesca.

Japanese: Shussango sooki ni taiinsuru keekooga t
matta. Tokurei wa kaino sanseinashini wa mitomerar
Jikai no kaikaku no taishoo wa gakkookyooiku
naiyoodesu. Keekaku no jitsugen niwa shikin ga ka
hitsuyoodeshoo. Kodomo o kooritsukoo ni susuma
nowa muzukashikunai.

Spanish: Los nin˜os salen todos los dias a la misma h
La tienda esta´ abierta durante todo el dı´a. Los bancos cierra
particularmente temprano el viernes. Este palacio e
monumento histo´rico de gran valor. En verano, las gran
cuidades europeas se llenan de turistas.
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