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Infants' sensitivity to allophonic cues

for word segmentation
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A series of four experiments was conducted to determine whether English-learning infants can use

allophonic cues to word boundaries to segment words from fluent speech. Infants were familiarized
with a pair of two-syllable items, such as nitrates and night rates and then were tested on their ability
to detect these same words in fluent speech passages. The presence of allophonic cues to word bound
aries did not help 9-month-olds to distinguish one of the familiarized words from an acoustically simi

lar foil. Infants familiarized with nitrates were just as likely to listen to a passage about night rates as
they were to listen to one about nitrates. Nevertheless, when the passages contained distributional cues
that favored the extraction of the familiarized targets, 9-month-olds were able to segment these items
from fluent speech. By the age of 10.5 months, infants were able to rely solely on allophonic cues to lo
cate the familiarized target words in passages. We consider what implications these findings have for
understanding how word segmentation skills develop.

For fluent speakers ofa language, the task ofsegment

ing speech into words seems relatively easy. Only under

rather special circumstances (e.g., decoding unfamiliar

names on the radio, listening to speech in a foreign lan

guage, etc.) are most listeners aware of the potential dif

ficulties involved in speech segmentation. Yet the diffi

culties posed by word segmentation are well known to

those involved in devising automatic speech recognition

devices. In conversational speech, the acoustic shapes of

words are distorted by the nature of surrounding words

(Liberman & Studdert-Kennedy, 1978; Mills, 1980).

Moreover, the boundaries of words are often not clearly

marked in the speech stream (Cole & Jakimik, 1978, 1980;

Klatt, 1979, 1989)-a fact that poses great difficulty for

accurate machine recognition of words (Bernstein &

Franco, 1996; Marcus, 1984; Reddy, 1976; Waibel, 1986).

Yet,judging by the pace at which infants acquire a native

The research reported here was supported by Research Grant 15795

from NICHD to P.W.J. We thank Ann Marie Jusczyk for helpful com

ments on a previous version of this manuscript. Jan Charles-Luce pro

vided us with invaluable information regarding the acoustic measure

ments that are reported in the paper. In addition, we are grateful to Ann

Marie Jusczyk, Nancy Redanz, Amy Gambon-Dennis, Aileen Warden,

and Debra Dombrowski for assistance in recruiting and testing infants.

Correspondence concerning this article should be addressed to P. W.
Jusczyk, Ames Hall, Department of Psychology, Johns Hopkins Uni

versity, Baltimore, MD 21218 (e-mail: jusczyk@jhu.edu).

-Accepted by previous editor, Myron L. Braunstein

language vocabulary (Bates et al., 1994), language learn

ers show considerable mastery of word segmentation

skills before their second birthdays.

Indeed, some investigations indicate that infants begin

to display some limited word segmentation abilities as

young as 7.5 months of age (Echols, Crowhurst, &

Childers, 1997; Jusczyk, 1996; Jusczyk & Aslin, 1995;

Newsome & Jusczyk, 1995; Saffran, Aslin, & Newport,

1996). For example, Jusczyk and Aslin first demonstrated

that 7.5-month-old English-learners detect the occur

rence of repeated words in fluent speech passages. In one

experiment, they familiarized infants with a pair ofwords

(e.g.,feet and bike) that were repeated in citation form.

Then, the infants heard four different six-sentence pas

sages. Two of these passages included one of the famil

iarized words in each sentence; the other two were com

parable but included two other words that the infants had

not heard during the familiarization period. The infants

listened significantly longer to the passages containing the

familiarized words. In a subsequent experiment, Jusczyk

and Aslin used two of the passages during the familiar

ization phase and tested the infants on repetitions of the

words in citation form. Once again, the same pattern of

results ensued: Infants listened significantly longer to

words they had heard during familiarization. This latter

result suggests that, during familiarization, the infants

were able to extract the repeated target words from their

surrounding sentential contexts. Thus, they came to recog

nize the sound patterns of these items even when they were

1465 Copyright 1999 Psychonomic Society, Inc.



1466 JUSCZYK, HOHNE, AND BAUMAN

presented only in complete sentences. In contrast to the

7.5-month-olds, 6-month-olds gave no evidence ofdetect
ing the occurrence offamiliarized words in fluent speech.

How do infants begin to segment fluent speech into

words? A number ofdifferent suggestions have been of
fered regarding cues to the possible location of word

boundaries in speech. For example, Cutler and her col
leagues (Cutler, 1976, 1990; Cutler & Butterfield, 1992;
Cutler & Carter, 1987; Cutler & Norris, 1988) have

pointed out that a high proportion of content words in
English conversational speech have an initial stressed

syllable. Hence, listeners could use what Cutler and Nor
ris termed a metrical segmentation strategy (MSS),
whereby stressed syllables are identified with the onsets

of new words in fluent speech. Moreover, evidence from
studies with English-learners suggests that infants may

use stress cues in segmenting fluent speech. Jusczyk,
Cutler, and Redanz (1993) noted a developing sensitiv
ity to words with the predominant English stress pattern.

Specifically, 9-month-old, but not 6-month-old, English
learners showed significant listening preferences for

words with strong/weak, as opposed to weak/strong,
stress patterns. More recently, Newsome and Jusczyk

(1995) used the same procedure as that in Jusczyk and
Aslin (1995) to test 7.5-month-olds' abilities to detect
bisyllabic words in fluent speech contexts. Consistent

with the predictions of the MSS, they found that the in
fants were able to detect the occurrence of bisyllabic
words with strong/weak stress (e.g., hamlet and king

dom), but not ones with weak/strong stress (e.g., guitar

and device). Similarly, Echols et al. (1997) and Morgan
and Saffran (1995) have reported processing advantages

for strong/weak over weak/strong stress patterns in their
studies with English-learning 9-month-olds.

Inaddition to stress-based cues to word boundaries, it

has been suggested (Saffran, Aslin, & Newport, 1996)
that infants might use information about statistical reg
ularities in the input to segment words from fluent speech.

Saffran, Aslin, and Newport exposed 8-month-olds to
2 min ofa continuous stream ofspeech, consisting offour
trisyllabic nonsense words, repeating in a random order.

These nonsense words were made from concatenations
ofisolated syllables. Unlike real English words, all three
syllables were equally stressed. The only cues to word

boundaries in this continuous stream were the transitional
probabilities between syllable pairs. Specifically, transi
tional probabilities were higher for syllable pairs within
words than between words. During the test phase, the in
fants were found to distinguish trisyllables that conformed

to words during the familiarization phase from trisyllables
that spanned word boundaries.

Closely related to the view that infants use statistical
regularities to detect word boundaries is the notion that

learners take advantage of distributional properties in
the input (Brent & Cartwright, 1996; Suomi, 1993). For
example, an infant who learns some words spoken as iso
lated utterances might then match a stored representation
of their sound patterns to fluent speech, thus breaking

the input into a known and one or more unknown strings.
These unknown strings might then be stored as unana

lyzed units. For instance, if cat is known, it can be matched
in the utterance See the cat, with the result that See the

would be an unanalyzed unit. Eventually, the learner will

hear see and the in other distributional contexts, and the
contrast between these and the stored sequence ofsee the

lead to the decomposition ofthe unit into the lexical items
see and the. Although this approach has not yet been di
rectly tested with infants, Brent and Cartwright have de

scribed a successful computer simulation model for
word segmentation that is based on distributional cues.

The focus of the present investigation is on another

potential source of information about word boundaries
in fluent speech. It has been noted that attention to the

particular contexts in which variants (or allophones) of
the same phoneme appear can provide cues about the

locus of word boundaries (Bolinger & Gerstman, 1957;
Church, 1987a; Lehiste, 1960; Umeda & Coker, 1974).
Church (l987b) observes that the allophone of It! that

begins words in English, such as tap (i.e., [th] ) is not found
in other positions in English words, such as the /t!s in

stop or hat. A listener who is sensitive to the distribution
of these allophones could use this information in decid

ing whether a word boundary has occurred or not.
Of course, for allophonic cues to be useful in word

segmentation by infants, several conditions must hold.
First, there must be some indication that allophones are
orderly manifestations of phonemic contrasts in the lan

guage, rather than simply some random acoustic varia
tion produced by speakers. Second, the distribution of
these allophones in fluent speech must correlate with

word boundaries. Third, infants must be able to discrim
inate one allophone from another. Fourth, infants must be
sensitive to the systematic distribution of these distinct

allophones within native language words. Fifth, they must
use these allophonic cues as markers ofword boundaries

during on-line speech processing. One might argue that
a further condition should be added to this list-namely,
that infants recognize that particular allophones can also

be perceived as variants of the same phoneme. However,
this last condition is not necessary for allophonic cues to
be useful as markers of word boundaries. What is criti

cal is that infants recognize that talkers are engaging in
a systematic variation in producing these elements and,
critically, that this variation is tied to their positioning
within words.

Regarding the first of the five conditions mentioned
above, linguists have long noted the existence of allo
phones as systematic variants of phonemes and have in

corporated these into their descriptions ofthe sound struc
tures oflanguage (e.g., Ladefoged, 1975). Similarly, there
are indications in the previous literature of a correlation
between allophonic variants and English word boundaries
(Bolinger & Gerstman, 1957; Church, 1987a; Hockett,

1958; Lehiste, 1960; Umeda & Coker, 1974). With re
spect to the third condition, the results ofan investigation
by Hohne and Jusczyk (1994) indicate that English-



learning 2-month-olds can discriminate the kinds ofallo

phonic differences that could cue the location of word

boundaries. Specifically, the infants discriminated the

kinds ofallophonic variants of It! and IrI that distinguish

pairs of items such as nitrate and night rate. For nitrate,

the first t is aspirated, released, and retroflexed, whereas

the r is devoiced, suggesting that it is part of a cluster. By

comparison, the first t in night rate is unaspirated and

unreleased, suggesting that it is syllable final, whereas

the following r is voiced, suggesting that it is syllable ini

tial. The infants were able to discriminate these allophonic

pairs even when they were surrounded by phonetic con

texts that were acoustically identical. Hence, 2-month

olds have the capacity to discriminate allophonic distinc

tions that could signal the presence or the absence of

word boundaries in English.

The fourth condition, mentioned above, for using allo

phonic cues in word segmentation is that infants be sen

sitive to how allophones are distributed within words.

The evidence on this point is suggestive but indirect. By

9 months, English-learning infants have been shown to

be sensitive to the frequency with which certain phonetic

sequences occur within syllables in their language (see,

e.g., Jusczyk, Luce, & Charles-Luce, 1994). Moreover, by

7.5 months, English-learners have some demonstrated

capacity for segmenting wordlike units from fluent speech

on the basis of the location of stressed syllables (New

some & Jusczyk, 1995). Attention to the phonetic infor

mation that occurs at the beginnings and endings of such

units could provide learners with information about the

way allophones are typically distributed within such units.

Knowledge ofthe contexts in which particular allophones

frequently appear could then be used as potential cues to

the position of likely word boundaries.

The primary goal ofthe present investigation is to pro

vide more direct evidence about this fourth condition

namely, when do English-learning infants display sensi

tivity to the way that allophones are typically distributed

within words. A demonstration of this sensitivity would

be consistent with, although it would not prove, the pos

sibility that they also meet the fifth condition (i.e., that

they actually use allophonic cues to segment words from

fluent speech).

EXPERIMENT 1

There are a number of reasons why an infant might be

able to distinguish a pair of allophones on the kind of

discrimination task used by Hohne and Jusczyk (1994)

but might fail to use this information in locating word

boundaries in fluent speech. First, although infants might

discriminate the relevant allophones, they may not have

associated them with any particular phonetic contexts.

Indeed, in order to learn how these allophones are dis

tributed in words, it would be useful for the child to re

ceive single-word utterances at least occasionally. There

are indications that at least some proportion of the input

directed to the learner consists of single-word utterances
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(Woodward & Aslin, 1990). Moreover, as noted above,

7.5-month-olds do show some capacity for segmenting

some words from fluent speech (Jusczyk & Aslin, 1995;

Newsome & Jusczyk, 1995). Second, even though an in

fant might have the capacity to perceive a phonetic con

trast when discriminating a pair of isolated utterances,

the infant might not be able to make full use of these ca

pacities under more complicated circumstances (Jusczyk,

1997; Stager & Werker, 1997), such as when these items

are embedded in fluent speech.

To explore the possible use ofallophonic cues in word

segmentation by infants, we tested 9-month-olds be

cause, as previous studies have demonstrated, they al

ready have some ability to segment words. We used the

same pair of items (nitrate and night rate) as that in the

Hohne and Jusczyk (1994) study. This pair has often

been mentioned in discussions of how allophonic cues

can signal word boundaries (Hockett, 1958; Lehiste,

1960; Nakatani & Dukes, 1977). In addition, to compare

word segmentation based on allophonic cues to more

general segmentation processes, we included a second

pair of items, hamlet and doctor, which differed in other

ways. Previous research by Newsome and Jusczyk (1995)

indicated that infants are capable of segmenting these

items from fluent speech contexts.

We employed the modified version of the Headturn

Preference Procedure that Jusczyk and Aslin (1995) used

to examine infants' detection of words in fluent speech.

Because the critical focus of the present investigation is

on allophonic cues, each infant was familiarized with a

pair of items. One of these items was either nitrates or

night rates; the other was either hamlet or doctor. During

the test phase, the infants heard both a nitrates passage

and a night rates passage, as well as a hamlet and a doc

tor passage. As in previous studies (e.g., Jusczyk & As

lin, 1995), word segmentation abilities were indexed by

listening preferences for the passages containing the items

that the infants had heard during familiarization. Thus, if

the infants are attentive to the distribution of allophonic

cues within words, familiarization with nitrates should

lead to significantly longer listening times to the nitrates

passage than to the night rates passage (and vice versa for

infants familiarized with night rates).

Method

Participants. The participants were 24 American mfants (13

males, II females) from monolingual English-speakmg homes.

The infants were approximately 9 months old, with a mean age of

38 weeks, 6 days (range, 36 weeks, 6 days to 40 weeks, 6 days). To

obtain the 24 participants for the study, it was necessary to test 34.

Some of the mfants were excluded, for the following reasons: cry

ing (5), unresponsiveness to the flashing lights (4), and looking

nrnes averagmg less than 3 sec (I).

Stimuli. A female talker, who was a native speaker of American

English from western New York, recorded four different six

sentence passages (see Table I). She was encouraged to read the

passages in a lively voice, as if she were reading them to a small

child. The recordmgs were made in a sound-attenuated room with

a Shure microphone. The critical passages were digitized on a

VAXStatIOn Model 3176 computer at a sampling rate of 10kHz via
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Table 1

Test Passages for Experiments 1 and 4

I. Nitrates are not something that everyone needs. My teacher told us

all about nitrates. Farmers use nitrates to help grow their crops. Ni

trates are used to preserve food. This storeroom has many different

kinds of nitrates. There were boxes of nitrates on all of the shelves.

2. Yourhamlet lies just over the hill. Far away from here near the sea is

an old hamlet. People from the hamlet like to fish. Another hamlet

is in the country. People from that hamlet really like to farm. They

grow so much that theirs is a very big hamlet.

3. Night Rates can help us to save some money. Businesses try to use

night rates to send their packages. Even the airlines have cheaper

night rates. The man wrote out the night rates on the blackboard.

Night rates at this hotel are expensive. Many people look for the best

night rates.

4. The doctor saw you the other day. He's much younger than the old

doctor. I think your doctor is very nice. He showed another doctor
your picture. That doctor thought you grew a lot. He was a big doc

tor himself.

a 12-bit analog-to-digital converter. The average duration of the

passages was 18.02 sec (ranging from 17.92 sec for the doctor pas

sage to 20.6 sec for the nitrates passage). Once it was determined that

the passages were acceptable for use in the experiment, the talker

was asked to record versions of the isolated words to be used dur

ing the familiarization phase of the experiment. For each target

word, the talker was asked to repeat the item with some variation 15

times in a row, in a lively voice, and as if naming the object for an

infant. These lists were then digitized on the computer in the

same way as the sentences. The average duration of the lists was

23.98 sec (ranging from 23.75 sec for the night rates list to 24.35 sec

for the doctor list). Digitized versions of the passages and the lists

were transferred to a PDP-I 1/73 computer for playback during the

experiment.

Detailed acoustic measurement of critical properties of the ni

trates and night rates stimuli were carried out using a CSL work

station (Kay Elemetrics). Measurements of the isolated tokens of

nitrates and night rates revealed a number ofinteresting differences.

The duration of the [aI] vowel was significantly longer [t(28) =
4.24, P < .0005] in night rates (193 msec) than in nitrates (150 msec).

There was also evidence ofsignificantly longer burst [t(28) = 18.56,

p < .0001] and closure [t(28) = 23.19,p < .0001] durations for the

initial t in nitrates (162 and 74 msec, respectively) than for night

rates (7 and 8 msec, respectively). These last differences are consis

tent with the claims that the initial t in nitrates is released and aspi

rated, whereas that of night rates is unreleased and unaspirated.

Acoustic measurements of the r in these tokens indicated that frica

tion was present in every single token ofnitrates and in none of the

tokens of night rates. Finally, the overall duration of voicing of r

was significantly longer [t(28) = 10.76,p < .0001] for night rates

(98 msec) than for nitrates (47 msec). Hence, the isolated tokens of

nitrates and night rates did contain distinctive allophonic cues.

Similar measurements were made for the tokens of nitrates and

night rates that occurred in the passages. In contrast to the isolated

tokens, the duration of the [a I] vowel did not differ significantly

[t(28) = 1.61, p < .15] for night rates (138 msec) and nitrates

(130 msec). However, as for the isolated words, there was evidence

for the words in the passages ofsignificantly longer burst [t(28) =

14.01,p < .0001] and closure [t(28) = 24.02,p < .0001] durations

for the initial t in nitrates (38 and 51 msec, respectively) than for

night rates (8 and 5 msec, respectively). With respect to r, there was

once again evidence offrication in every single token ofnitrates, but

there was no frication for any token ofnight rates. However, the over

all duration of voicing of r was not significantly longer [t(28) =
1.04, P < .30] for night rates (51 msec) than for nitrates (44 msec).

Thus, the critical distinguishing properties that were available to in-

fants in both the isolated and the passage contexts were the burst and

closure durations of t and the presence or absence of frication in r.
Finally, it is worth noting that the average overall durations of the

target words in the passages (nitrates, 577 msec; night rates,

594 msec) were considerably shorter than the isolated tokens of the

same words (nitrates, 1,252 msec; night rates, 1,146 msec). Thus,

the infants could not identify the familiarized target in the passages

by performing a simple acoustic match from the isolated tokens

presented during the familiarization period.

Design. Half of the infants heard the words night rates and doc

tor during the familiarization phase, and the other half heard the

words nitrates and hamlet. During the test phase, all the infants heard

four blocks of the same four passages. Each block contained a dif

ferent random ordering of the passages corresponding to night

rates, nitrates, doctor, and hamlet.

Apparatus. A PDP-I 1/73 controlled the presentation of the

stimuli and recorded the observers' coding of the infants' headturn

responses. The audio output for the experiment was generated from

the digitized waveforms ofthe samples. A 12-bit D/A converter was

used to recreate the audio signal. The output was fed through anti

aliasing filters and a Kenwood audio amplifier (KA 5700) to one of

two 7-in. Advent loudspeakers mounted on the side walls of the

testing booth.

Procedure. The experiment was conducted in a three-sided test

booth constructed out of 4 X 6 ft pegboard panels on three sides

and open at the back. An observer looked through one of the exist

ing pegboard holes in the front panel to monitor the infant's head

turns. Except for a small section for viewing the infant, the re

mainder of the pegboard panels were backed with white cardboard,

to guard against the possibility that the infant might respond to

movements behind the panel. The test booth had a red light and a

loudspeaker mounted at eye level on each of the side panels and a

green light mounted on the center panel. Directly below the center

light, a 5-cm hole accommodated the lens of a video camera used

to record each test session. A white curtain suspended around the

top of the booth shielded the infant's view of the rest of the room.

A computer terminal and response box were located behind the cen

ter panel, out of view of the infant. The response box, which was

connected to the computer, was equipped with a series of buttons

that started and stopped the flashing center and side lights, recorded

the direction and duration ofhead turns, and terminated a trial when

the infant looked away for more than 2 sec. Information about the

direction and duration of headturns and the total trial was stored in

a data file on the computer. Computer software was responsible for

the selection and randomization of the stimuli and for the termina

tion of the test trials. The average listening times for the rhyming

and control lists were calculated by the computer after the comple

tion of each session.

A version of the headturn preference procedure was used (for an

extensive discussion concerning the reliability of this procedure,

see Jusczyk, 1998; Kemler Nelson et al., 1995; Polka, Jusczyk, &

Rvachew, 1995). Each infant was held on a caregiver's lap. The

caregiver was seated in a chair in the center of the test booth. Each

trial was begun by blinking the green light on the center panel until

the infant had oriented in that direction. Then, the center light was

extinguished, and the red light above the loudspeaker on one of the

side panels began to flash. When the infant made a headturn of at

least 30° in the direction of the loudspeaker, the stimulus for that

trial began to play and continued until its completion or until the in

fant failed to maintain the 30° headturn for 2 consecutive sec (e.g.,

if the infant turned back to the center or the other side or looked at

the caregiver, the floor, or the ceiling). If the infant turned briefly

away from the target by 30° in any direction, but for less than 2 sec,

and then looked back again, the time spent looking away was not in

cluded in the orientation time. Thus, the maximum orientation time

for a given trial was the duration of the entire sample. The flashing

red light remained on for the entire duration of the trial.



Each expenrnental session began with a familiarization phase In

which infants heard repetitions of two of the target Items on alter

nating trials until they accumulated 30 sec of listening time to each

one. If the Infants achieved the famiharization criterion for one

item, but not for the other, the trials continued to alternate until the

criterion was achieved for both. The location of the loudspeaker

from which the words were emitted was varied from trial to trial,

with a different random order being used for each infant.

The test phase began immediately after the familiarization crite

rIon was attained. The stimuli for the test phase consisted ofthe four

six-sentence passages. The order of each of the sentences within a

passage was fixed, and each trial always began with the first of the

six sentences in the passage. The test trials were blocked in groups

of four, so that each passage occurred once per block. The order of

the passages within a block was randomized. Each infant was tested

on four blocks, for a total of 16 test trials.

An observer hidden behind the center panel looked through the

peephole and recorded the direction and duration of the infant's
headturns, usmg a response box. The observer was not informed as

to which items served as familiarization words for a given infant.

The loudness levels for the samples were set by a second assistant,

who was not Involved In the observations, at 72 ± 2 dB (C) SPL.

Both the observer and the infant's caregiver wore foam earplugs and

listened to masking music over tight-fitting closed headphones

(SONY MDR-V600). The masker consisted of loud instrumental

music, which had been recorded Withfew silent penods. Caregivers

and observers reported that, with this masker, they were unaware of

either the location or the nature of the stimulus on the trial. Relia

bility checks between the live observer and the observers of the

videotapes of each session are high, with correlations ranging from

.92 to .96 (Kemler Nelson et al., 1995).

Results and Discussion
Mean listening times to the four different passages

were calculated for each infant across the four blocks

of trials. These data were submitted to a repeated mea
sures analysis of variance (ANOVA) ofa 2 (experience:
familiar vs. unfamiliar) X 2 (word type: allophonic vs.

other) design. The analysis revealed a significant main
effect for experience [F(1,23) = 4.63, p < .05], indicat
ing that the listening times were significantly longer for

the familiar items. The main effect of word type
[F(1,23) < 1.00] was not significant. The interaction be

tween these two factors was marginally significant
[F(I,23) = 4.05,p = .056]. The average listening times
across all subjects are displayed in Figure I. A series of

planned comparisons, using contrast tests based on the
ANOVA, was carried out to explore possible differences
for the familiar and unfamiliar items in the night

rates/nitrates and doctor/hamlet pairs. The difference

between the familiar and the unfamiliar items was sig
nificant for the doctor/hamlet pair [F(1,23) = 11.27,p <

.003], but not for the nitrates/night rates pair [F(1,23) <

1.00]. The latter result suggests that 9-month-olds did
not use allophonic cues to match the item from the famil
iarization phase to the correct night rates or nitrates pas
sage during the test phase.

The present results provide some further confirmation

that infants can segment bisyllabic words from fluent
speech contexts, thus replicating the finding reported by
Newsome and Jusczyk (1995). At the same time, there

was no indication that the 9-month-olds were able to take
advantage of allophonic cues in recognizing nitrates or
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Figure 1. Nine-month-olds' average listening times (and stan
dard error bars) for the passages with the familiar and the unfa
miliar target words in Experiment 1.

night rates in fluent speech contexts, even though prior
research suggests that these sorts of differences are dis

criminable for 2-month-olds (Hohne & Jusczyk, 1994).
As was indicated earlier, there are a number of possible
explanations for the infants' failure to correctly segment

nitrates and night rates from fluent speech. One possi
bility is that 9-month-olds have not yet identified the
contexts in which the critical allophones typically ap

pear. A second possibility is that the greater processing
demands associated with fluent speech perception limit
the extent to which infants can fully utilize their dis

criminative capacities (Jusczyk, 1997; Stager & Werker,
1997). If the latter explanation is true, it is possible that
infants might show some ability to use the allophonic

cues, if the processing demands were simplified.

EXPERIMENT 2

For infants to detect the occurrence of the familiarized
items in the test passages, they must be able to encode
and retain an accurate representation of these items.

Night rates and nitrates are very similar to each other
with respect to their phonetic properties. Hence, correctly
matching these items requires a rather detailed represen
tation of the familiarized item. There is evidence from

previous studies using this paradigm that infants do re
tain a detailed representation of the familiarized words.
For example, Jusczyk and Aslin (1995) found that 7.5
month-olds who were familiarized with an item like tup

did not later generalize to an item in a fluent speech pas
sage that differed from it only by a single phonetic fea
ture-namely, the word cup. More recently, Tincoff and
Jusczyk (1996) extended these findings by showing that
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infants familiarized with cut did not subsequently gen
eralize to cup. However, one difference between these
prior studies and our first experiment is that, in the latter,

the infants had to encode and retain a pair of bisyllabic
items from the familiarization phase. Thus, the memory

demands were greater in Experiment 1 than in the previ
ous studies. The additional syllables in our stimulus ma
terials could have affected the amount of phonetic detail

that the infants were able to encode.
One way to make the stimulus materials in the present

investigation more comparable with those used in previ
ous studies is to use monosyllabic items during the fa
miliarization phase. For example, assuming that infants

can use allophonic cues in word segmentation, then ifthey
are familiarized with the word night, they should find a
match to it in the night rates passage, but not in the ni

trates passage (where the syllabification suggests that
the first t is actually part of a cluster in the onset of the
second syllable). To further ensure that the memory de

mands during the familiarization period were reduced,
we made a modification to the other pair of items by
replacing hamlet with dock. Hence, in the present exper

iment, all the infants heard night and dock during the fa
miliarization period and were tested on night rates, ni

trates, dock, and doctor passages. Our prediction was that

infants familiarized with these new items would have
significantly longer listening times for the night rates

and dock passages than for the nitrates and doctor pas

sages, respectively.

Method
Participants. The participants were 24 American infants (12

males, 12 females) from monolingual English-speaking homes.

The infants were approximately 9 months old, with a mean age of

39 weeks, 3 days (range, 36 weeks, 3 days to 43 weeks, 0 days). To

obtain the 24 participants for the study, it was necessary to test 29.

Some of the infants were excluded, for the following reasons: cry

ing (2), parental interference (2), and looking times averaging less

than 3 sec (I).

Stimuli. The female talker from the previous experiment re

corded one new six-sentence passage for the word dock (see

Table 2). The duration of this new passage, 17.51 sec, was compa

rable with those of the other three passages. In addition, she re

corded 15 versions each of the isolated words night and dock. Once

again, she was instructed to speak as if she were addressing a small

child and to repeat the items with some variation in prosody. The

durations of the familiarization lists were 20.17 sec (night) and

18.61 sec (dock). Acoustic measurements of the burst and closure

durations of t in the isolated tokens of night (1 and 6 msec, respec

tively) indicated that these did not differ significantly [t( 19) =
0.75,p> .40, and t(l9) = 0.57,p > .50, respectively] from those of
night in the night rates passages (2 and 14 msec, respectively).

However, as was expected, the burst and closure durations of t in the

isolated tokens of night did differ significantly [t(l9) = 22.47, p <

Table 2
Test Passage for Dock in Experiment 2

The dock by the lake has sailboats. Motor boats stay at the old dock.
That dock gets very busy.Fishing from the dock looks like fun. People
at your dock like to swim, too. A family brought their boat to the new
dock.

.0001, and t(l9) = 5.38,p < .0001] from those in the nitrates pas

sages (38 and 51 msec, respectively).

Design. With the exception of the fact that all the infants heard

the same two words during familiarization, the design was the same

as that in the preceding experiment. Thus, in this experiment, all

the infants were familiarized with isolated tokens ofnight and dock

and were tested on passages containing nitrates, night rates, dock,

and doctor.

Apparatus and Procedure. The apparatus and the procedure

were the same as those in Experiment I.

Results and Discussion
Once again, mean listening times to the four different

passages were calculated for each infant across the four
blocks of trials. These data were submitted to a repeated
measures ANaYA of a 2 (experience: familiar vs. unfa

miliar) X 2 (word type: allophonic vs. other) design. The
analysis revealed a significant main effect for experience

[F(l,23) = 9.18,p < .001], indicating that the listening
times were significantly longer for the familiar items.
Neither the main effect of word type [F(l,23) = 2.03,

p> .15] nor the interaction between experience and word
type was significant [F(l,23) = 2.33,p > .10]. The av

erage listening times across all subjects are displayed in
Figure 2. A series of planned comparisons, using con
trast tests based on the ANaYA, was carried out to ex

plore possible differences for the familiar and unfamiliar
items in the night rates/nitrates and dock/doctor pairs.

The difference between the familiar and the unfamiliar
items was significant for the dock/doctor pair [F(1,23) =
10.52, p < .004], but not for the nitrates/night rates pair

[F(l ,23) < 1.18, p > .25]. The latter result indicates, once
again, that 9-month-olds did not use allophonic cues to
match night from the familiarization phase to the night

rates passage during the test phase. In fact, there was lit
tle evidence that night was recognized in either the night

rates or the nitrates passages. Post hoc contrast tests in

dicated that listening times to the nitrates and night rates

passages differed significantly from the familiar dock

passage [F(l,23) = 11.78, p < . 005], but not from the

unfamiliar doctor passage [F(l,23) < 1.00].
Reducing the memory load during the familiarization

phase did not produce any measurable gain in 9-month
olds' ability to use allophonic cues in segmenting words

from fluent speech. Therefore, it seems likely that infants
at this age are not sensitive to how these allophonic cues
are distributed within words. By comparison, the infants

in the present study had no difficulty in matching dock to
its occurrence in the dock, as opposed to the doctor pas
sage. The latter finding replicates one reported by New
some and Jusczyk (l995), who found that 7.5-month-olds
familiarized with can did not generalize to candle. New

some and Jusczyk interpreted this finding as being a re
sult of the role that distributional cues play in word seg
mentation-namely, the infants were familiarized with
can, but during the test phase, the distributional cues indi

cated that the can in candle always co-occurred with the
same following syllable, suggesting that the two formed a
single unit. Nine-month-olds' attention to distributional
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Figure 2. Nine-month-olds' average listening times (and stan

dard error bars) for the passages with the familiar and the unfa

miliar target words in Experiment 2.

cues in the present experiment could also help to explain

why they did not detect a better match to night in the night

rates passage than in the nitrates passage. Specifically,

rates consistently co-occurred with night in the passages.

Hence, night rates might have been perceived as a single

unit in much the same way that candle was. The following

experiment was designed to explore this possibility.

EXPERIMENT 3

In the previous experiment, the infants who were fa

miliarized with night were just as likely to listen to a ni

trates passage as they were to listen to a night rates pas

sage. The fact that the allophonic properties of the final

[t] in night matched those of night rates, but not those of

nitrates, did not significantly affect their listening times

to the passages. However, suppose that the distributional

properties of the passages favored the extract ofnight in

one passage, but not in the other? Would 9-month-olds

still treat a nitrates passage as a potential match after fa

miliarization with night?

There is evidence that distributional cues are helpful

for word segmentation in artificial language experiments

with adults (Dahan & Brent, in press; Saffran, Newport,

& Aslin, 1996). Moreover, 8-month-olds exposed to 2 min

ofa continuous stream of four trisyllabic nonsense words

appeared to draw on distributional cues (i.e., the frequency

with which one syllable followed another) to recognize

novel from unfamiliar "words" (Saffran, Aslin, & New

port, 1996). Still, it would be useful to know whether

these findings with artificial languages also transfer to

settings in which listeners are dealing with native lan-
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guage input. As was noted above, Newsome and Jusczyk

(1995) have argued that it was English-learners' sensitiv

ity to distributional cues that led them not to detect a fa

miliarized target such as can in candle passages. How

ever, if the infants truly are using distributional cues in

segmenting fluent speech, they should also be able to use

these cues to detect the real occurrence of familiarized

items, such as night, in passages.

To investigate this possibility, we replaced the night

rates passage with a new one containing the word night.

In the new passage, night was always followed by a dif

ferent noun (e.g., night caps, night games). If English

learning 9-month-olds can use distributional cues in seg

menting fluent speech, then after familiarization to

night, they should listen longer to the new night passage

than to the nitrates passage.

Method
Participants. The participants were 24 American infants (13

males, II females) from monolingual English-speaking homes.

The infants were approximately 9 months old, with a mean age of

40 weeks, 2 days (range, 37 weeks, 6 days to 43 weeks, 0 days). To

obtain the 24 participants for the study, it was necessary to test 31.

Some of the infants were excluded, for the following reasons: cry

ing (2), failure to look at the flashing lights (2), and looking times

averaging less than 3 sec (3).

Stimuli. The female talker from the previous experiment re

corded one new six-sentence passage (night + X) for the word

night (see Table 3). This new passage replaced the night rates pas

sage used in the previous two experiments. The duration ofthis new

passage, 18.12 sec, was comparable with the other three passages

(i.e., nitrates, dock, and doctor). Once again, the talker was instructed

to speak as if she were addressing a small child. Acoustic measure

ments of night in the new passages indicated differences in both

burst [t(28) '" 16.44, P < .0001] and closure [t(28) '" 25.80, p <

.000 I] durations for the t, as compared with the initial t of nitrates.

In particular, the burst and closure durations of t in nitrates (162

and 74 msec, respectively) were significantly longer than those for

the t of night + X(I and I msec, respectively). Hence, for the words

in the passages, the same burst and closure cues differentiating the

t in night from the initial t in nitrate were available as in the previ

ous two experiments. Critically, comparisons of the burst and clo

sure durations of t in the isolated tokens (I and 6 rnsec, respectively)

indicated that neither of these differed significantly [t( 19) = 0.67,

p> .50, and t(l9) = 0.28, P > .75] from those of the night + X

words in the passages.

Design. As in Experiment 2, all the infants were familiarized

with isolated tokens of night and dock; then they were tested on the

passages containing night + X, nitrates, dock, and doctor.

Apparatus and Procedure. The apparatus and procedure were

the same as those in the previous experiments.

Results and Discussion
Once again, mean listening times to the four different

passages were calculated for each infant across the four

Table 3

Test Passage for Night + X in Experiment 3

Many interesting things happen during night time. Night schools teach

people about computers. Teams play night games at baseball fields.
Night lights help the players to see. Some ofus even put special clothes

on, like night caps. My friend wears a different night gown every day.
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Figure 3. Nine-month-olds' average listening times (and stan
dard error bars) for passages with the familiar and unfamiliar
target words in Experiment 3.

blocks of trials. These data were submitted to a repeated

measures ANOVA of a 2 (experience: familiar vs. unfa

miliar) X 2 (word type: allophonic vs. other) design. The

analysis revealed a significant main effect for experience

[F(l,23) = 39.l2,p < .000 I], indicating that the listening

times were significantly longer for the familiar items. Nei

ther the main effect ofword type [F(l,23) > 1.00] nor the

interaction between experience and word type [F( I ,23) >

1.00] was significant. The average listening times across

all the subjects are displayed in Figure 3. A series of

planned comparisons, using contrast tests based on the

ANOVA, was carried out to explore possible differences

for the familiar and the unfamiliar items in the night +
X/nitrates and dock/doctor pairs. The differences be

tween the familiar and the unfamiliar items were signif

icant for both the night + X/nitrates [F(l,23) = 17.29,

P < .0005] and the dock/doctor [F(l,23) = 17.34, P <

.0005] pairs. The finding of a significant listening pref

erence for the dock passage over the doctor passage

replicates that of the previous experiment. By compari

son, the significant listening preference observed for the

night + X passage over the nitrates passage contrasts

with the pattern of findings in the two previous experi

ments. This latter finding suggests that 9-month-olds

were able to use distributional cues to detect the occur

rence of night in the night + X passage.

Use ofdistributional cues to word boundaries requires

that the listener hear the word in the context of different

words. In this way, the transitional probability ofthe same

syllable preceding or following the target word is reduced.

Hence, one might expect that the effectiveness of distri-

butional cues for a word target will increase, the more often

infants hear a word in varied contexts. To investigate this

possibility, we conducted an analysis ofperformance across

the four blocks oftrials. A repeated measures ANOVA of

a 4 (blocks) X 2 (experience: familiar vs. unfamiliar) X

2 (word type: allophonic vs. other) design yielded sig

nificant main effects for blocks [F(l,693) = 14.77, P <

.0001] and experience [F(l,23) = 30.52,p < .0001], along

with a marginal three-way interaction [F(3,69) = 2.40,

P < .08]. Analyses of performance on the individual

blocks indicated that significantly longer listening times

for the night + X passage than for the nitrates passage

did not emerge until Blocks 3 and 4. Hence, there is some

indication that infants were better able to detect the tar

get word in the passages as they gained increased expe

rience with the distributional contexts.

Together with the results of the previous experiments,

the present findings suggest that, although 9-month-olds

do not take advantage of allophonic cues, they can use

information about distributional contexts in detecting word

boundaries in fluent speech. Thus, the present results

provide further support for the view that language learn

ers use distributional cues in segmenting words from flu

ent speech (Brent, 1997; Brent & Cartwright, 1996; Dahan

& Brent, in press; Newsome & Jusczyk, 1995; Saffran,

Aslin, & Newport, 1996; Saffran, Newport, & Aslin,

1996; Suomi, 1993). Indeed, one explanation of why in

fants in Experiment 2, familiarized with night, did not

show a preference for the night rates passage is that the

distributional cues favored treating night rates as a sin

gle word rather than as a sequence oftwo words (the first

of which matches the familiar night).

The apparent failure of 9-month-olds in Experiments

I and 2 to use allophonic cues to detect the occurrence of

familiar words in passages raises a number of questions.

First, is it possible that 9-month-olds are able to use allo

phonic cues in some instances, but that the night rates/

nitrates pair is not one ofthese? Although we cannot def

initely rule out this possibility, we do have some reason

to believe that 9-month-olds do not use allophonic cues

for other pairs of items. In another experiment, in addi

tion to testing twenty-four 9-month-olds on night rates

and nitrates, we also tested them on gray ties and great

eyes. In neither instance did the infants display a signif

icant listening preference for the passage that matched

the items heard during familiarization [t(23) = 0.06, for

night rates/nitrates and t(23) = 1.30,p> .20, for gray ties/

great eyes). Of course, these pairs do not exhaust the

range of possible allophonic cues that 9-month-olds

could potentially use in word segmentation. Still another

possibility to consider is that not only are 9-month-olds

unable to use allophonic cues to word boundaries, but also

that language learners at any age do not use these types

of cues. Although there is evidence that infants can use

stress-based cues (Echols et aI., 1997; Morgan & Saffran,

1995; Newsome & Jusczyk, 1995) and distributional

cues (Saffran, Aslin, & Newport, 1996) in word seg-



mentation, there is no indication yet that they use allo

phonic cues. For this reason, we thought that it would be

useful to investigate whether older infants show any sen

sitivity to how these allophonic cues are distributed within

words.

EXPERIMENT 4

Previous work in our laboratory suggests that some in

teresting changes occur in English-learners' word seg

mentation abilities between 7.5 and 10.5 months of age.

For instance, Newsome and Jusczyk (1995) observed that

7.5-month-olds are able to segment words with strong/

weak stress patterns from fluent speech, but not words

with weak/strong patterns. Yet, Myers et al. (1996)

found that 10.5-month-olds were just as apt to detect in

terruptions of words with weak/strong stress patterns as

they were to detect ones with strong/weak patterns. Sim

ilarly, Houston, Newsome, and Jusczyk (1995) showed

that 10.5-month-olds can detect weak/strong words in

fluent speech contexts. Thus, it appears that, between 7.5

and 10.5 months, English-learners develop some ability to

segment weak/strong words. Moreover, in order to seg

ment weak/strong words from fluent speech, 10.5-month

olds cannot rely solely on a stress-based strategy, such as

MSS, where onsets of words are identified with the oc

currence ofstrong syllables. Rather,they must draw on other

potential sources of information about word boundaries,

possibly including allophonic cues. Consequently, it

seemed worthwhile to examine whether 10.5-month-olds

show any sensitivity to allophonic cues in detecting occur

rences of night rates and nitrates in fluent speech.

Method
Participants. The participants were 24 American infants (11

males, 13 females) from monolingual English-speaking homes.

The infants were approximately 10.5 months old, with a mean age

of45 weeks, I day (range, 42 weeks, 0 days to 48 weeks, 6 days). To

obtain the 24 participants for the study, it was necessary to test 32.

Some ofthe infants were excluded, for the following reasons: crying

(2), sleeping (1), and looking times averaging less than 3 sec (5).

Stimuli. The stimulus set from Experiment I was used.

Design, Apparatus, and Procedure. The design, apparatus, and

procedure were identical to those In Experiment 1. Thus, infants

were farmharized with night rates and doctor or with nitrates and

hamlet and were tested on passages containing night rates, nitrates,

doctor, and hamlet.

Results and Discussion
Once again, mean listening times to the four different

passages were calculated for each infant across the four

blocks oftrials. These data were submitted to a repeated

measures ANaYA of a 2 (experience: familiar vs. unfa

miliar) X 2 (word type: allophonic vs. other) design. The

analysis revealed a significant main effect for experience

[F(I,23) = 25.48,p < .0001], indicating that the listening

times were significantly longer for the familiar items. The

main effect ofword type was also significant [F( I,23) =
7.98, p < .0 I], a result of longer listening times overall
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Figure 4. Nine-month-olds' average listening times (and stan

dard error bars) for the passages with the familiar and the unfa

miliar target words in Experiment 4.

to the doctor/hamlet pair than to the night rates/nitrates

pair. However, the interaction between experience and

word type was not significant [F(I,23) = 1.67, p > .20].

The average listening times across all subjects are dis

played in Figure 4. A series of planned comparisons, us

ing contrast tests based on the ANOVA,was carried out to

explore possible differences for the familiar and the unfa

miliar items in the night rates/nitrates and doctor/hamlet

pairs. The differences between the familiar and the unfa

miliar items were significant for both the night rates/

nitrates [F(I,23) = 31.30, p < .0001] and the doctor!

hamlet [F(1,23) = 14.18,p < .001] pairs. The finding of

a significant listening preference for the familiar item in

the doctor!hamlet pair replicates that of Experiment I.

By comparison, the significant listening preference that

the 10.5-month-olds displayed for the familiar item of

the night rates/ nitrates pair contrasts with the performance

of the 9-month-olds in Experiment 1. This latter finding

suggests that 10.5-month-olds were sensitive to the dis

tribution of allophonic cues in these words in the fluent

speech contexts.

To explore further the apparent developmental trend

in sensitivity to how these allophonic cues are distrib

uted within words, we submitted the mean listening times

in Experiments I and 4 for the familiar and unfamiliar

items in the night rates/nitrates pair to mixed ANOVAof

a 2 (experience: familiar vs. unfamiliar) X 2 (age: 9 vs.

10.5 months) design. As was expected, there was a signif

icant interaction between experience and age [F( I,46) =
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11.74,P < .0 I], which was attributable to the fact that the

difference between the familiar and the unfamiliar items

was significant for the 1O.5-month-olds, but not for the

9-month-olds. Hence, sensitivity to how these allophonic

cues are distributed within words appears to develop be

tween 9 and 10.5 months of age.

GENERAL DISCUSSION

As was noted earlier, a number of conditions must be

met to justify the claim that infants use allophonic cues

to segments words in fluent speech. We identified five

such conditions: (l) Allophones are not random acoustic

variants, but orderly manifestations of phonemic con

trasts; (2) the distribution of some of these allophones

correlates with word boundaries; (3) infants are capable

of discriminating these kinds of allophonic differences;

(4) infants are sensitive to how such allophones are dis

tributed within words; and (5) they use these allophonic

cues in segmenting words during on-line speech pro

cessing. Previous research had provided empirical sup

port for the first three of these conditions. The focus of

the present investigation was to determine whether there

was empirical support for the fourth condition. Our find

ings indicate that although I0.5-month-olds display sen

sitivity to the distribution ofallophonic cues within words

in fluent speech contexts, 9-month-olds do not.

Do the present findings allow us to conclude further

that 10.5-month-olds are actually using allophonic cues

in segmenting words? Certainly, the performance of

these older infants is consistent with this claim. However,

further empirical evidence is required to definitively es

tablish the validity of the claim. For example, in future

studies, it will be necessary to demonstrate that the 10.5

month-olds perform better in segmenting the same words

from fluent speech when these allophonic cues are pres

ent than when they are not present. One way to investi

gate this issue is to expose infants to passages first and

see whether they make use of the word boundary cue in
segmenting rates from night rates, rather than from ni

trates. Also, will infants respond to traits after hearing a

passage with nitrates, but not after hearing a passage

with night rates? More generally, probing the kinds of

isolated words that infants respond to after their initial

exposure to fluent speech passages could help determine

whether the sequences that infants extract are affected

by the presence of allophonic cues to word boundaries.

Although they did not display sensitivity to how allo

phones were distributed in nitrates and night rates, 9

month-olds did consistently show evidence of detecting

some types of familiarized words in fluent speech con

texts. In particular, they showed listening preferences for

the familiar items in the doctor/ hamlet and dock/doctor

pairs. Moreover, they demonstrated an ability to use dis

tributional cues to word boundaries in Experiment 3.

The use of allophonic cues to locate boundaries de

pends on some prior knowledge of which allophones are

likely to occur in particular contexts. Infants could gain

this knowledge by noting the distribution of allophones

in single word utterances or in the word-like units that they

begin to segment from fluent speech at around 7.5 months

of age (Jusczyk & Aslin, 1995; Newsome & Jusczyk,

1995; Saffran, Aslin, & Newport, 1996). There certainly

is some empirical support for the notion that infants at

this age are sensitive to the distributional frequencies of

elements within words (Jusczyk et aI., 1994; Saffran,

Aslin, & Newport, 1996). In fact, a recent investigation

has shown that English-learning 9-month-olds are sensi

tive to the way in which phonotactic sequences line up

with likely word boundaries (Mattys, Jusczyk, Luce, &

Morgan, 1999). Specifically, Mattys et al. explored how

infants responded to CC sequences that were more likely

to occur within words or between words in English. They

found that when such sequences occurred at locations in

which stress-based cues indicated a potential word bound

ary, infants favored the between-word CC sequences.

However, they favored the within-word CC sequences

whenever stress-based cues suggested the absence of a

word boundary. One implication of the present results is

that, between 9 and 10.5 months, infants begin to track

the kind ofdependencies that hold between certain allo

phones and likely word boundaries.

Why might English-learners be slower to use allophonic

cues to word boundaries than they are to use other types

of cues? One possible factor is that these kinds of allo

phonic differences may be difficult to detect in fluent

speech. Although 2-month-olds can discriminate iso

lated versions of night rate and nitrate (Hohne & Ju

sczyk, 1994), the added demands associated with pro

cessing a stream of continuous speech may prevent

9-month-olds from fully utilizing these capacities. An

other possible factor is that the infant learner may re

quire experience with a sufficient number of instances

of words in order to learn the mapping between allo

phones and the contexts in which they appear. An un

segmented utterance provides the learner with two op

portunities to map allophones onto contexts, namely

the utterance-initial and the utterance-final positions. By

comparison, once the learner can break the input into

smaller chunks, using stress-based (Jusczyk, 1997) or dis

tributional cues (Brent & Cartwright, 1996), more contexts

are potentially available for learning the mapping of al

lophones to contexts. In essence this tendency is a divide

and conquer strategy (Jusczyk, in press), whereby access

to a greater number of smaller chunks facilitates the pro

cess ofextracting other potential cues to word boundaries.

The present findings are consistent with others (Echols

et aI., 1997; Jusczyk & Aslin, 1995; Morgan & Saffran,

1995; Newsome & Jusczyk, 1995; Saffran, Aslin, &

Newport, 1996) in demonstrating that word segmenta

tion capacities are developing in English learners be

tween 7.5 and 10.5 months of age. However, these pre

vious investigations focused on infants' use of either

stress-based (Echols et aI., 1997; Newsome & Jusczyk,

1995) or distributional (Morgan & Saffran, 1995; New

some & Jusczyk, 1995; Saffran, Aslin, & Newport, 1996)



cues in word segmentation. The present study provides

an indication that 10.5-month-olds can also use allo

phonic cues as a basis for distinguishing words occur

ring in fluent speech contexts. At the same time, En

glish-learning infants' capacities for using al1ophonic

cues appear to develop after their ability to use stress

based (7.5 months in Newsome & Jusczyk's study) and

distributional cues (8 months in Saffran, Aslin, & New

port's, investigation).

The foregoing discussion suggests that it is unlikely

that al1ophonic cues are the primary means by which

English-learners begin to segment words from fluent

speech. Nevertheless, al1ophonic cues provide an addi

tional source of information that listeners can draw on in

word segmentation. Ofthe various kinds ofcues to word

segmentation that have been suggested (e.g., stress

based, distributional, al1ophonic, and phonotactic cues),

none is completely reliable by itself. For example, an En

glish-listener who relied solely on a strategy of identify

ing word onsets with the occurrence of stressed syl1ables

would continual1y mis-segment words beginning with

weak syllables. Hence, it seems likely that listeners draw

on multiple sources for information about word bound

aries in fluent speech and then go with the weight of the

evidence (Jusczyk, 1997). Indeed, several computer sim

ulation models of word segmentation have employed a

multiple-cue approach with some degree of success

(Brent & Cartwright, 1996; Christiansen, Allen, & Sei

denberg, 1998). What is not yet clear is the extent to

which language learners actually draw on multiple cues

in segmenting words from fluent speech. To determine

this, future investigations will need to explore how in

fants' word segmentation skills are affected when differ

ent kinds ofcues conflict. In this way, it may be possible

to identify whether infants tend to rely on one type of

word boundary cue more than on another.
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