
Journal of Experimental Psychology:
Human Perception and Performance
2000. Vol. 26. No. 5, 1570-1582

Copyright 2000 by the American Psychological Association, Inc.
OO96-1523/0O/$5.00 DO1: 10.1037//0096-1523.26.5.1570

The Role of Talker-Specific Information in Word Segmentation by Infants

Derek M. Houston and Peter W. Jusczyk
Johns Hopkins University

Infants' representations of the sound patterns of words were explored by examining the effects of talker
variability on the recognition of words in fluent speech. Infants were familiarized with isolated words
(e.g., cup and dog) from 1 talker and then heard 4 passages produced by another talker, 2 of which
included the familiarized words. At 7.5 months of age, infants attended longer to passages with the
familiar words for materials produced by 2 female talkers or 2 male talkers but not for materials by a male
and a female talker. These findings suggest a strong role for talker-voice similarity in infants' ability to
generalize word tokens. By 10.5 months, infants could generalize different instances of the same word
across talkers of the opposite sex. One implication of the present results is that infants' initial represen-
tations of the sound structure of words not only include phonetic information but also indexical properties
relating to the vocal characteristics of particular talkers.

A significant part of language acquisition is learning relations
between spoken words and concepts. The challenge for the lan-
guage learner is to extract words from the speech signal and match
them to the appropriate referents. A recent investigation of speech
directed to an infant between 6 and 9 months of age indicates that
only about 7% of the utterances (excluding vocatives, fillers, and
social expressions) consist of isolated words (van de Weijer,
1998). Moreover, even when explicitly asked to teach their infants
new words, mothers produce words in isolation no more than 20%
of the time (Woodward & Aslin, 1990). Thus, many words must be
segmented from fluent speech if they are to be learned.

Two main issues bear on the problem of linking sounds and
meanings. One is how a child correctly associates the sound
patterns of words to the appropriate concepts, given the enormous
number of choices that are potentially available (Clark, 1973,
1983; Markman, 1991; Quine, 1960). The other issue involves the
complexity and variability of speech itself. Individual words must
be perceived from a continuous speech signal that does not reliably
mark word boundaries, and each instance of a word must be
recognized as equivalent to other acoustically different occur-
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rences (Goldinger, Pisoni, & Luce, 1996; KlatL 1979). The present
set of studies focuses on an important aspect of the second issue,
namely, the effect of variability in the input on infants' word
representations. In particular, we examine whether infants can
recognize words first heard from one talker when they occur in
fluent speech produced by a different talker.

The speech signal is rich with information. It carries not only the
phonetic and prosodic information of language but also nonlin-
guistic or indexical information. From speech, a listener can de-
termine the identities of talkers, their physical and emotional state,
their sex, their regional dialect, and other qualities that reflect the
physiological characteristics of their vocal apparatus and the dy-
namics of their articulation. Because all this information is con-
tained in the same acoustic signal, any one aspect or type of
information is not physically isolated from the rest (Klatt, 1989).
Consequently, it is not straightforward to understand how a listener
extracts phonetic information from the complex array present in
speech.

The traditional approach to the talker variability problem has
been to assume that the perceptual processing of speech involves
some normalization procedures. One approach has been to assume
the existence of invariant acoustic features specifying the identity
of particular phonemes (Blumstein & Stevens, 1980; Fant, 1960;
Stevens, 1972; Stevens & Blumstein, 1981). By this view, the
perceiver normalizes speech by focusing on these invariant fea-
tures and ignores extraneous information having to do with the
articulatory characteristics of particular talkers. The phonetic in-
formation in the signal is then compared with idealized abstract
representations in the lexicon. This type of normalization process
would incur little cost associated with changing talkers or encoun-
tering an unfamiliar talker because the detectors are sensitive only
to the linguistically relevant aspects of the speech signal. The
major challenge that this approach faces is finding evidence for the
existence of a complete set of invariant properties that can unam-
biguously identify all phonetic segments in the speech signal. So
far, this set of invariant properties has remained elusive (Klatt,
1989).
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In a related approach, invariant properties are postulated to be
assessed via intrinsic normalization mechanisms (Nearey, 1989).
That is, there may be static (e.g., Syrdal & Gopal, 1986) and/or
dynamic (Strange, 1989) properties in speech that provide the
perceptual system with a framework for linguistic interpretation.
For example, formant frequency variations between different talk-
ers' productions of vowels may be normalized by automatic audi-
tory mechanisms that use properties in the speech signal (e.g.,
pitch) to guide the interpretation of formant frequencies (Suomi,
1984). Moreover, it has been proposed that innately specified
neuronal cell assemblies may subserve this type of normalization
(Sussman, 1984, 1986). Specifically, this approach posits that
separate cell assemblies encode for the absolute formant frequen-
cies and relative formant frequencies. These cell assemblies con-
nect to higher order cell assemblies to eliminate information re-
lated to vocal tract size and to derive invariant properties. Hence,
this biological view assumes an innate normalization mechanism
that takes vocal tract information into account when interpreting
vowels, predicting that even infants should perceive phonological
equivalence across talker variability.

Another view of normalization posits that listeners make per-
ceptual adjustments for characteristics of talkers' vocal tracts and
speaking behaviors (e.g., Gerstman, 1968; Shankweiler, Strange,
& Verbrugge, 1977). This perceptual adjustment requires recog-
nizing specific indexical qualities of the talker. Once talker-
specific information is assessed, the perceptual system becomes
adjusted to interpret speech from a particular talker. Such a view
necessitates two mechanisms for speech perception: one that en-
codes the acoustic properties and another that encodes abstract
phonetic features.

Evidence for separate mechanisms derives from findings that
nonphonological acoustic details play a role in some speech-
processing tasks but not others. For example, Schacter and Church
(1992) found voice-repetition priming effects in an implicit mem-
ory task but not in an explicit memory task. Furthermore, masking
speech stimuli in white noise eliminated the voice priming effect.
Schacter and Church (1992; Church & Schacter, 1994) interpreted
their results as indicating that voice information is processed by a
mechanism that can be selectively interfered with by destroying
aspects of the acoustic signal while preserving the mechanism
involved with processing more abstract phonetic information.
They postulate separate subsystems of the perceptual representa-
tion systems (PRS) for phonetic and acoustic information. More-
over, Schacter, Church, and Bolton (1995) found that amnesic
patients sometimes demonstrate impaired voice repetition priming
but intact word repetition priming, suggesting that the phonetic and
acoustic PRS may be subserved by different parts of the brain.

Whereas research by Schacter, Church, and others points to
different processing for phonetic and indexical information, other
evidence suggests that indexical and phonetic information may be
more tightly coupled in processing and memory. Specifically,
some studies of word recognition suggest that talker-specific in-
formation is encoded along with phonetic information and facili-
tates word recognition in certain settings. For example, Craik and
Kirsner (1974) presented participants with words produced by a
male and female talker. The participants had to respond after each
word whether or not it had been presented to them before. Word
recognition was found to be faster and more accurate when words
were produced by the same talker than when they were produced

by the opposite-sex talker. Palmed, Goldinger, and Pisoni (1993)
extended the findings by showing that words are better recognized
when produced by the same talker rather than different talkers,
regardless of the sex of the talkers.

These studies suggest that talker-specific information plays
some role during language processing. Furthermore, the impact of
talker variability is not merely that it necessitates a perceptual
adjustment to novel talkers. Participants in the studies described
above became equally familiar with all of the talkers. The crucial
factor in whether or not a particular word was recognized in these
studies was whether the repetitions of a word were by the same or
different talkers. The implication of these findings is that listeners
appear to store talker-specific information along with the phonetic
properties of words.

These studies and others that have found effects of talker vari-
ability (e.g., Mullennix, Johnson, Topcu-Durgun, & Famsworth,
1995; Sheffert & Fowler, 1995) have led some researchers to
consider the lexicon as an episodic or exemplar memory system,
whereby each occurrence of a word leaves a detailed trace in
memory. So rather than being peeled away by perceptual pro-
cesses, indexical information is encoded along with phonetic in-
formation (Goldinger, 1996, 1998; Jusczyk, 1993, 1997; Nygaard,
Sommers, & Pisoni, 1994). The exact nature of the indexical
information encoded into these representations is not certain. How-
ever, it is clear that such representations are not veridical copies of
utterances. For example, there are indications that some acoustic
properties, such as the loudness of a particular spoken word, do not
appear to be preserved in representations of spoken words (Church
& Schacter, 1994; Sommers, Nygaard, & Pisoni, 1994). Indeed,
there is some suggestion that the phonetic properties of words may
provide information about the identity of particular talkers. Remez,
Fellowes, and Rubin (1997) found that their listeners were able to
extract information about talker identity from sinewave speech
stimuli, even though these stimuli lack the acoustic attributes of
natural voice quality. They interpreted their finding as an indica-
tion that the phonetic properties of words may themselves encode
the necessary information to identify both words and talkers.

The effects of indexical information on speech processing by
infants have chiefly been explored by investigations of how talker
variability affects the detection of certain phonetic contrasts. In her
seminal investigation, Kuhl (1979) showed that 6-month-olds have
some capacity to ignore talker variability in discriminating be-
tween the vowels [a] and [i]- Specifically, the infants were trained
to discriminate a contrast between these vowels produced by a
single talker and then were able to transfer to a wide set of
different talkers, encompassing both men and women. In a subse-
quent study, Kuhl (1983) found that 6-month-olds also showed
some ability to compensate for talker differences in discriminating
a more confusable pair of vowels, [a] and [o]. Similarly, Jusczyk,
Pisoni, and Mullennix (1992) found that 2-month-olds could detect
syllable changes across different talkers. In one condition, infants
were presented with syllables produced either by a single or
multiple talkers until they reached a habi I nation criterion. Imme-
diately following, the experimental groups were presented with
novel syllables. The infants in both the single- and multiple-talker
conditions were able to detect the change. However, further ex-
periments revealed that when a 2-min delay was introduced be-
tween habituation and the presentation of the new syllables, only
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the infants in the single-talker condition indicated that they de-
tected the change of syllables.

The results just reviewed clearly show that young infants can
detect phonetic change in the midst of talker variability. This
pattern is consistent with the biological view, which posits innate
neural mechanisms that normalize speech with respect to talker
variability. Still, these results do not rule out the possibility that
infants store talker-specific information in their representations of
words. In fact, the difference in results between the single-talker
and multiple-talker conditions in the Jusczyk et al. (1992) 2-min-
delay condition suggests that representations of words elicited
from multiple talkers are not identical to those from a single talker.
It is conceivable that representations based on multiple-talkers
may be less well encoded than those based on a single talker
because encoding of the former is disrupted by increased demands
on a normalization mechanism (Mullennix, Pisoni, & Martin,
1989). However, representations based on multiple talkers may
also differ from those based on a single talker because indexical
information is an integral part of the representation. Indeed,
Jusczyk's word recognition and phonetic structure acquisition
(WRAPSA) model (1993, 1997) postulates that infants' lexical
representations are talker specific. That is, infants store instances
of words that include indexical information, as opposed to general
prototypes that include only talker-neutral, abstract phonetic
descriptions.

What information listeners encode into lexical representations
has implications for language acquisition. If indexical information
is encoded with the words children are acquiring, then a word
learned in one instance may not be immediately generalizable to
other instances of that word. The amount of indexical variability in
the infant's environment would thus play a large role in developing
a mental lexicon. Exploring the effects of indexical information
during the formation of the mental lexicon may also shed some
light on the extent to which talker-specific information is encoded
during normal speech encoding. It could be argued that adults in
word-recognition experiments may focus on more surface details
of spoken words if they know or suspect that they will have to
recall hearing those specific instances later. It is unlikely that
infants form similar expectations.

The experiments reported here focus on the nature of infants'
representations of words as they begin to develop a lexicon. Do
infants represent words in such a way that indexical information
affects their ability to recognize different instances of the same
word? Or, do infants represent only an abstract phonetic descrip-
tion of words in the lexicon? We addressed these questions by
testing infants' ability to generalize words across different talkers.
In four experiments, infants were familiarized with words spoken
by one talker and then were presented with passages (two of which
contained familiarized words) by another talker to determine if
they recognized these words in fluent speech contexts. By explor-
ing the conditions under which infants recognize novel instances
of familiarized words, we hope to shed some light on the nature of
infants' representations of the sound structure of words.

Experiment 1

To test infants' ability to generalize words across different
talkers, we used a method used by Jusczyk and Aslin (1995) to
explore infants' ability to recognize words in the context of fluent

speech. They found that 7.5-month-olds but not 6-month-olds
oriented longer to passages with words they had been familiarized
with than to passages without these words, suggesting that 7.5-
month-old English-learning infants can extract words from fluent
speech and recognize them. Their investigation also demonstrated
that infants were able to generalize representations formed during
familiarization to acoustically different instances heard during the
test period. For instance, the words that the infants were familiar-
ized with were typically spoken in citation form, whereas the
acoustic characteristics of the same words presented in the pas-
sages during the test phase were influenced by their surrounding
words. The infants did generalize from the familiarization words to
the test words. Moreover, their representations of the phonetic
properties of the words proved to be quite specific. When 7.5-
month-olds were familiarized with nonwords that differed by one
phoneme from the word in the test passage (e.g., gike rather than
bike), they did not respond to these items. Consequently, Jusczyk
and Aslin concluded that infants encoded detailed information
about the phonetic characteristics of words heard during the fa-
miliarization period (see also Tincoff & Jusczyk, 1996).

Infants appear to represent the phonetic properties of words
well enough so that they do not treat words that differ only by
a single phoneme as being the same. Does the same hold true
for the indexical properties of speech? In the natural course of
processing and encoding speech, infants may form representa-
tions of words that do not contain talker-specific information.
In essence, this processing would amount to an extraction of an
abstract phonetic description of the speech signal. However, if
infants encode speech without some kind of normalization
process, then talker-specific information may be included in
their word representations.

As in Jusczyk and Aslin (1995), we familiarized infants with
different tokens of two words produced by a female talker. During
the test phase, the infants heard four blocks of trials. Each block
consisted of a different random ordering of the same four passages
(two with the familiarized words and two without). However, in
contrast to Jusczyk and Aslin's study, the female talker who
recorded the passages differed from the one who recorded the
familiarization items. If infants form abstract representations of
words (i.e., without talker-specific information), then they should
recognize the familiarized words across the different talkers. How-
ever, if talker-specific information is encoded into the phonetic
representations of particular words, then there is some chance that
the familiarized words in the passages may not be recognized
when produced by a different talker. On the basis of previous
findings (Jusczyk & Aslin, 1995; Jusczyk, Hohne, & Bauman,
1999; Jusczyk, Houston, & Newsome, 1999), infants should, on
average, orient longer to the passages containing the familiarized
words than the unfamiliar passages if they can recognize the
familiarized words. Finally, there is a third possibility. Changing
the talker between the familiarization and test phases could divert
some attention at first from normal language processing. Listeners
may need to perceptually adjust to the voice of a new talker, and
so infants may have difficulty recognizing the familiarized words
during the first few trials but then detect them on later trials. In this
case, longer listening times to passages with the familiarized words
would only be apparent during the last blocks.
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Method

Participants. Thirty-six American 7.5-month-olds from monolingual
English-speaking families were tested. The infants had a mean age of 32
weeks, 6 days (range = 30 weeks, 6 days to 35 weeks, 2 days). Twelve
additional infants were tested but not included because of crying (3), failure
to complete the full set of test trials due to restlessness (5), failure to look
for an average of at least 3 s to each stimulus type (2), extreme left-side
bias (1), and equipment failure (1). All were recruited from families living
in the greater Buffalo, New York area.

Stimuli. The stimuli consisted of repetitions of isolated words and
passages produced by two different talkers. The words and passages were
the same as in Jusczyk and Aslin (1995). A passage of six sentences was
constructed for each of the four words {cup, dog, feet, bike). The target
word occurred once in each sentence in variable sentence position (see
Appendix). Within each passage, the target word was always preceded by
a different word in each sentence. Across the passages, the words preced-
ing the targets were the same (i.e., his, red, the, big, old, your). The words
following the targets differed for each target type. We used the same
recordings as Jusczyk and Aslin (1995) for one of the talkers (Female
Talker 1). The new female talker (Female Talker 2) was instructed to read
the four passages as if she was speaking to a young child. Next, she was
asked to repeat each of the four words (cup, dog, feet, bike) successively 15
times with varied intonation, as if speaking to a young infant. These were
the same instructions followed by the talker in Jusczyk and Aslin (1995).

For Female Talker 1, the average duration of the passages was 19.72 s
(ranging from 18.51 s for the bike passage to 20.60 s for the feet passage).
The average duration of the lists was 26.53 s (ranging from 25.34 s for the
feet list to 27.13 s for the dog list). For Female Talker 2, the average
duration of the passages was 19.36 s (ranging from 18.96 s for the cup
passage to 20.12 s for the feet passage). The average duration of the lists
was 18.55 s (ranging from 18.34 s for the feet list to 18.88 s for the bike
list).

Apparatus. The experiment was conducted in a three-sided test booth
constructed of pegboard, with panels of 4 X 6 ft on three sides and open
at the back. This structure made it possible for an observer to look through
one of the existing holes to monitor the infant's headtums. Except for a
small section for viewing the infant, die remainder of the pegboard was
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. A white curtain suspended
around the top of the booth shielded the infant's view of the rest of the
room. A Macintosh Centris 650 computer and response box were located
behind the center 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 me flashing center and side lights, recorded the
direction and duration of headtums, and terminated a trial when the infant
looked away for more than 2 s. Information about the direction and
duration of headtums and the total trial duration were stored in a data file
on the computer.

Procedure. We used the headturn preference procedure, as modified
by Jusczyk and Aslin (1995), to test the infants. Half of the infants were
familiarized with words produced by Female Talker 1 and were tested on
passages produced by Female Talker 2; the other half heard Female
Talker 2 in die familiarization phase and Female Talker 1 during the test
phase. Each infant sat on die lap of a caregiver who was seated on a chair
in die center of the test booth. At the beginning of each trial, die center light
flashed until the infant oriented to the center. Then, the center light was
turned off, and one of the side lights began flashing. When the infant
oriented at least 30° in the direction of the light, die speech stimulus was
presented to the same side as the flashing light. The stimulus continued
until the infant looked away for 2 s or until the end of the trial. The amount
of time the infant oriented to the stimulus side while the stimulus was
playing was recorded for each trial.

The experiment had two phases. During the familiarization phase, on a
given trial, each infant was presented with different tokens of one of the
two familiarization words. Half of the infants heard cup and dog, and the
other half heard bike and feet. The familiarization words were presented on
alternating trials until at least 30 s of looking time was accumulated for
each familiarization word. During the test phase, all four passages were
presented once in each of four blocks. The order of the passages within
each block was randomized. For each participant, two of the passages
contained the target words presented during familiarization, and the other
two passages contained target words not heard during familiarization. An
average orientation time difference between the passages with the famil-
iarized and unfamiliar target words is taken as an indication that the infants
differentiated the two types of passages, presumably because they recog-
nized the familiarized words in the passages.

An observer bidden behind the center panel looked through a peephole
and recorded the direction and duration of the infant's headtums using a
response box. The observer was not informed of which items served as
familiarization words for a given infant. The loudness level for the samples
was set at 72 ± 2 dB (C) SPL using a Quest (Model 215) sound level meter
by an assistant who was not involved in the observations. During the
experiment, both the observer and the caregiver listened to music over
tight-fitting closed headphones (SONY MDR-V600), so they were un-
aware of which particular stimulus was presented at any given time.
Reliability checks between the live observer and observers of video tapes
of test sessions are high, with correlations ranging from .92 to .96 (Kemler
Nelson et al., 1995).

Results and Discussion

The infants' average orientation time to each word type (famil-
iar/unfamiliar) was computed for each block of trials. A two-way
analysis of variance (ANOVA) (word familiarity and test block)
revealed main effects of word familiarity, F(l, 35) = 4.21, p <
.05, and test block, F(3, 105) = 18.89, p < .001. There was no
Word Familiarity X Test Block interaction, F(3, 105) < 1.00.
Figure 1 displays the average orientation times across all four
blocks of trials to the passages containing the familiarized
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Figure 1. Displays 7.5-month-olds' average orientation times and stan-
dard error (±1 SE) to test passages in Experiment 1 across four blocks of
trials. Passages were produced by a female talker different from the female
talker used during the familiarization phase.
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(M = 8.39 s; SD = 2.02 s) and the unfamiliar {M = 7.53 s;
SD = 2.74 s) target words. The means differed by 0.86 s (95%
CI: 0.05 < 0.86 < 1.69). Overall, 24 of the 36 infants oriented
longer to the familiar passages.

The results obtained in this experiment essentially replicate
those reported by Jusczyk and Aslin (1995) for 7.5-month-olds. In
both cases infants oriented longer to the passages containing the
familiarized words than the passages that did not, indicating that
they noticed the occurrence of the familiarized words in the
passages. The main effect of test block reflects a steady decrease
in orientation times as the infants became less attentive over the
course of the test phase. Therefore, the present findings suggest
that infants' representations of words can be generalized to new
tokens spoken by another talker of the same sex. At least to some
degree, infants are able to overcome acoustic variability in speech
produced by different talkers and to generalize from words pre-
sented in isolation to the same words in the passages. Moreover,
the absence of any significant interaction between word familiarity
and test blocks suggests that any perceptual adjustment was evi-
dent early in the test phase and did not develop across the test
blocks.

One possible interpretation of the present results is that infants
represent words in the lexicon without their indexical properties
(i.e., that only an abstract phonetic description of words is en-
coded). However, the findings do not rule out the possibility that
indexical information is preserved in the lexicon (or elsewhere) or
that perceptual systems adjust to talker differences. The two talkers
in the present experiment were both female, from the same region
of the country, and were very close in age. The infants may not
have had difficulty recognizing the similarity of the same words
spoken by different talkers because the indexical properties of the
two talkers were similar. This raises the question of whether
infants might have more difficulty generalizing among productions
of the same word produced by talkers whose voices are more
distinctive from one another, namely, a male versus a female
talker. To explore this possibility, we conducted the following
experiment.

Experiment 2

At first glance, findings from several previous investigations
provide some basis for predicting that infants may generalize the
productions of words from a talker of one sex to those of a talker
of the opposite sex. For instance, in her pioneering investigation,
Kuhl (1979) found that 6-month-olds were able to maintain a
discrimination between two vowels, [a] and [i], even when the
range of talkers was increased to encompass both men and women.
A subsequent study by Jusczyk et al. (1992) demonstrated that
even younger infants (i.e., 2-month-olds) correctly detected a
consonantal contrast between [b] and [d] when these sounds were
produced by a set of 12 different talkers that included both male
and female adults. However, Jusczyk et al. (1992) also found that
talker variability did appear to impair 2-month-olds' retention of
information about the phonetic contrasts, particularly when a short
delay interval was introduced between familiarization with tokens
of one of the syllables and testing on the tokens of the other
syllable. This task required the infants to retain some memory trace
of the familiarization over the delay interval. Jusczyk et al. (1992)
found that infants who had been exposed to tokens produced by

many different talkers no longer detected the phonetic contrast,
whereas those who were exposed to a pair of tokens produced by
a single talker did detect the contrast. This last finding raises the
possibility that acoustic variability in the production of the same
words by distinctive talkers does affect how infants process and
retain speech information.

To investigate this issue in the context of developing word-
segmentation abilities, we familiarized 7.5-month-olds with words
from a male or female talker and then tested them on passages
recorded by the talker of the opposite sex. If infants do not encode
indexical information into their representations of words, then
despite the greater acoustic differences between the voices of the
talkers in the present experiments, infants should perform much
the way they did in Experiment 1. That is, they should orient
significantly longer to the passages containing the familiarized
words. Alternatively, if infants do retain indexical information in
their representations of the familiarization words, the greater
acoustic dissimilarity between these words and the comparable
ones in the passages may interfere with infants' detection of the
latter.

Method

Participants. Thirty-six American 7.5-month-olds from monolingual
English-speaking families were tested. The infants had a mean age of 32
weeks, 6 days (range = 30 weeks, 3 days to 36 weeks, 0 days). Fourteen
additional infants were tested but not included due to crying (3), failure to
complete the full set of test trials (6), failure to look for an average of at
least 3 s to each stimulus type (3), and looking only to one of the sides of
the test apparatus (2). All were recruited from families living in the greater
Buffalo, New York area.

Stimuli. The stimuli consisted of repetitions of isolated words and
passages by a male and a female talker. The female-talker stimuli were
identical to those of Female Talker 2 in Experiment 1. The male talker
(Male Talker 1) recorded the same words and passages and was instructed
to produce these as if speaking to a young child. For Male Talker 1, the
average duration of the passages was 19.09 s (ranging from 18.27 s for the
bike passage to 19.74 s for the dog passage). The average duration of the
lists was 20.27 s (ranging from 19.86 s for the bike list to 20.65 s for the
feet list).

Apparatus and procedure. These were identical to Experiment 1.

Results and Discussion

The infants' average orientation time to each word was com-
puted. As in Experiment 1, an ANOVA revealed a main effect of
test block, F(3, 105) = 10.46, p < .001. However, there was no
main effect of word familiarity, F(l, 35) < 1.00. The Test Block X
Word Familiarity interaction was also not significant, F(3,
105) < 1.00. Figure 2 displays the average orientation times for
the passages with the familiarized (A/ — 7.73 s; SD = 2.46 s) and
the unfamiliar (M = 7.72 s; SD = 2.53 s) target words. The means
differed by 0.001 s (95% CI: -0.59 < 0.001 < 0.59). Overall, 22
of the 36 infants oriented longer to the passages containing the
familiarized words.

The results indicate that 7.5-month-olds did not orient longer to
the passages with the familiarized than those with the unfamiliar
target words when the passages were spoken by a talker of the
opposite sex to the one heard during familiarization. These find-
ings suggest that the infants in the present experiment had more
difficulty generalizing words across talkers whose voices were
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Figure 2. Displays 7,5-month-olds' average orientation times and stan-
dard error (±1 SE) to test passages in Experiment 2 across four blocks of
trials. Passages were presented by either a male or female talker—the
opposite-sex talker than whichever was used during the familiarization
phase.

more distinctive from each other than the similar-sounding female
talkers in Experiment 1. Apparently, the greater distinctiveness of
the talkers used in the present experiment interfered with 7.5-
month-olds* ability to recognize the familiarized words when they
occurred in the test passages. Hence, there was no indication that
the infants were able to ignore talker differences in the present
experiment. Instead, the differences in the indexical properties did
affect the likelihood that infants recognized the familiarized words
in the test passages. Moreover, note that there was no indication
that infants' ability to recognize the familiarized words improved
across the four test blocks. Although this last observation does not
preclude the possibility that infants can eventually make percep-
tual adjustments for different talkers' voices, it suggests that the
process of making such adjustments is quite protracted for infants
at this age. By comparison, the present findings appear to be more
consistent with the view that infants include indexical information
in their representations of words.

Given that the present line of argument depends crucially on the
assumption that the talkers used in Experiment 2 were more
distinctive than those used in Experiment 1, it would be useful to
have some empirical support for this assumption. To examine the
differences between the talkers' voices, we conducted acoustic
analyses of the test words to ascertain which properties of the
voices contributed to our subjective judgment that the two female
talkers were more similar to each other than the male and female
talkers. The analyses focused mainly on the pitch and duration of
the test words hi both isolated and sentential contexts. These two
acoustic dimensions were selected because previous research has
found that pitch difference consistently plays a role in word
recognition and vowel identification (Carrell, Smith, & Pisoni,
1981; Wannemacher, 1995) and that duration also can play a role
in word recognition (Sommers et al., 1994; Tomiak, Green, &
Kuhl, 1991). Furthermore, Walden, Montgomery, Gibeily, Prosek,

and Schwartz (1978) found that pitch and word duration were the
most important (out of 14) acoustic properties for judgments of
talker similarity. Using CSL software developed by Kay Elemet-
rics, we measured the duration, mean pitch, and peak pitch for
every instance of the four test words for each talker.

The mean values for each dimension for each talker are shown
in Table 1. The comparisons of most interest were those that
compared the differences between the two female talkers with the
differences between the male and female talkers. The mean values
were subjected to an ANOVA. The two talkers in each experiment
were treated as a repeated-measures variable, and the experimental
condition (i.e., two female talkers vs. one male/one female talkers)
was treated as a between-subjects variable. For mean pitch, there
was a main effect of experimental condition, F(l, 163) = 37.48,
p < .001, reflecting higher mean pitch of the talkers in Experi-
ment 1 than Experiment 2. More importantly, there was a signif-
icant interaction between experimental condition and talker, F(l,
163) = 4.40, p < .04. The analysis of pitch peak showed the same
pattern as with mean pitch. There was a main effect of experimen-
tal condition, F(l, 163) = 33.86, p < .001 and a significant
interaction between experimental condition and talker, F(\,
163) = 6.86, p < .01. The analyses indicate that with respect to
mean pitch and pitch peak, the talkers in Experiment 1 were more
similar to each other than the talkers in Experiment 2. By com-
parison, another analysis indicated the talkers did not differ across
experiments in overall duration of the target words. For duration,
neither a main effect of experimental condition, F(l, 163) < 1.00,
nor the experimental condition/talker interaction, F{\, 163)
< 1.00, was significant. Therefore, there was no evidence that the
durations of the target words produced by the talkers in Experi-
ment 1 were more similar to each other than were those produced
by the talkers in Experiment 2. Overall, the results of the acoustic
analyses provide support for the view that the talkers in Experi-
ment 2 were more dissimilar from those in Experiment 1. How-
ever, this dissimilarity is manifested in pitch differences of the
talkers* voices rather than in any durational difference in their
productions of the target words.

Perceptual judgments from adult listeners were elicited as a
further check on whether the two female talkers were more similar
to each other than were the male and female talkers. These simi-
larity ratings were obtained as part of a study that included a larger
array of different male and female talkers (Houston, 1999). Lis-
teners made judgments about the similarities of isolated words

Table 1
Acoustic Analyses of the Target Words (Sentential and
Citation Contexts)

Talker
Mean duration

(ms)
Mean pitch
(Hz) & SD"

Pitch peak
(Hz)

Female 1: Exp. 1
Female 2:

Exps. 1, 2, & 4
Male 1:

Exps. 2, 3, & 4
Male 2: Exp. 3

388

547

372
511

345 (67)

306 (53)

227 (39)
182 (37)

422

382

280
232

Note. Exp. = experiment.
• SD is given in parentheses.
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produced by the talker pairs in Experiments 1 and 2. Perceptual
distances were derived from a multidimensional scaling program
(ALSCAL, using SPSS). The mean squared distance between the
two female talkers of Experiment 1 was 2.33, whereas the mean
squared distance between the male and female talkers of Experi-
ment 2 was 6.64. Thus, the perceptual judgment data confirm the
trends noted in the acoustic analyses: The female talkers were
more similar in their vocal characteristics than were the male and
female talkers.

We have argued that the greater dissimilarity of the talkers in the
present experiment was responsible for the failure of the 7.5-
month-olds to recognize the familiarized words when they oc-
curred in the passages spoken by a talker of the opposite sex.
However, it is worth considering another possible explanation for
the pattern of results obtained. Infants may simply have had more
difficulty processing the speech from the male talker than from the
female talker. Consequently, the infants may have been unable to
extract from the speech of the male talker the critical information
for recognizing the target words. In fact, previous investigations of
word segmentation abilities of infants have used either natural
female voices (e.g., Jusczyk & Aslin, 1995; Jusczyk, Hohne, et ah,
1999; Jusczyk, Houston, et al., 1999) or synthetic versions of
female voices (Saffran, Aslin, & Newport, 1996). Furthermore,
when we examined the overall orientation times to the male and
female talkers in Experiment 2, there was a slight, though nonsig-
nificant, tendency to orient longer to the passages presented with
the female talker (M = 8.04 s, SD = 2.41 s) than the male talker
(M = 7.41 s, SD = 2.30 s). Thus, to evaluate the ability of 7.5-
month-olds to segment words from fluent speech produced by
male talkers, we conducted the following experiment.

Experiment 3

In the present experiment, we decided to familiarize infants with
words produced by one male talker and then test them on passages
recorded by a different male talker. This experimental manipula-
tion had two purposes. First, it allowed us to test whether the null
result in Experiment 2 was due to a general inability of 7.5-month-
olds to segment words from speech produced by male talkers.
Second, the experimental design provided an opportunity to rep-
licate the findings of Experiment 1 but with two male talkers rather
than with two female talkers. A finding that the infants listen
longer to the passages with the familiarized words would not only
demonstrate that they can segment words from speech produced by
male talkers but would also provide a further indication of their
ability to generalize their representations of words across talkers of
the same sex. Alternatively, if infants do not recognize the famil-
iarized word in the test passages, then the difference in results for
Experiments 1 and 2 may not be attributable to their inclusion of
indexical information in representations of words but rather to
their inability to segment words from speech produced by men.

Method

Participants. Twenty-four American 7.5-month-olds from monolin-
gual English-speaking families were tested. The infants had a mean age
of 33 weeks, 6 days (range = 30 weeks, 0 days to 40 weeks, 5 days). Seven
additional infants were tested but not included due to crying (2), failure to
complete the full set of test trials (1), failure to look for an average of at
least 3 s to each stimulus type (1), parental interference (1), and equipment

failure (2). All were recruited from families living in the greater Baltimore,
Maryland area.

Stimuli. The stimuli consisted of repetitions of isolated words and
passages by two male talkers. The male talker from Experiment 2 was used
(Male Talker 1), and an additional male talker recorded the same words and
passages (Male Talker 2). For Male Talker 2, the average duration of the
passages was 19.37 s (ranging from 18.99 s for the cup passage to 19.65 s
for die dog passage). The average duration of the lists was 18.85 s (ranging
from 17.91 s for the cup list to 19.73 s for the bike list).

Apparatus and procedure. These were identical to Experiments 1
and 2.

Results and Discussion

The infants' average orientation time to each word was com-
puted. A two-way ANOVA revealed main effects of word famil-
iarity, F(l, 23) = 7.30, p < .02, and test block, F(3, 69) = 20.49,
p < .001. The Word Familiarity X Test Block interaction was also
significant, F(3, 69) = 6.91, p < .001. Figure 3 displays the
average orientation time to the passages with the familiarized
(M = 8.50 s; SD = 3.10 s) and the unfamiliar (M = 7.10 s;
SD = 3.61 s) target words. The means differed by 1.40 s (95%
CI: 0.38 < 1.40 < 2.41). Overall, 18 of the 24 infants oriented
longer to the passages containing the familiarized words.

To determine whether infants who heard the two male talkers in
the present experiment differed from those in Experiment 1 who
heard the two female talkers, we submitted the data from the two
experiments to a mixed-design ANOVA with experiment as a
between-subjects variable and word familiarity as a within-
subjects variable. Only the main effect of word familiarity proved
to be significant, F(l, 58) = 12.64, p < .001. Neither the main
effect of experiment (F < 1.00) nor the interaction between
experiment and familiarity (F < 1.00) approached statistical sig-
nificance. Hence, there was no indication that infants had more
difficulty segmenting the words from the two male talkers in the
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Figure 3. Displays 7.5-month-olds1 average orientation times and stan-
dard error (±1 SE) to test passages in Experiment 3 across four blocks of
trials. Passages were presented by a male talker different from the male
talker used during the familiarization phase.
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present experiment than they had segmenting the words from the
two female talkers of Experiment 1.

The findings suggest that by 7.5 months of age, infants are able
to generalize words across two male talkers. The results replicate
the findings from the first experiment and undermine the notion
that the infants have particular difficulty in segmenting words from
speech produced by male talkers. Hence, 7.5-month-olds do dis-
play some ability to generalize their representations of words
across talkers of the same sex.

Although there was evidence of a significant Word Familiar-
ity X Test Block interaction, it did not follow the pattern expected
for a perceptual adjustment to the new voice of a new talker. In
particular, there was no indication of a consistent improvement in
recognizing the familiarized words across blocks. Instead, the
infants oriented much longer to the passages with the familiarized
words in the first block (12.23 s and 8.08 s, respectively), slightly
longer to the ones with the unfamiliar words in the second block
(7.63 s vs. 7.98 s), and moderately longer to the ones with the
familiarized words in the last two blocks (see Figure 3). Had the
infants adjusted their perceptual systems to the new talker, one
would have expected a much different pattern, such as a small
difference in the first block and then a larger one in the following
blocks. The dramatic change in orientation time differences be-
tween the first and second blocks may be an artifact. Perhaps the
reduction in orientation times to the familiar passages in the
second block stems from very long orientation times in the first
block.

Acoustic analyses conducted on the talkers' voices of the first
two experiments suggested that pitch properties, which correlated
with the talker's sex, may be one of the important acoustic cues
that infants use in word recognition. Infants may be able to
recognize the words when the pitch of the two talkers is somewhat
similar but not when the pitch is different. If so, we would expect
the pitch characteristics of the male talkers used in Experiment 3
to be more similar to each other than those of the male and female
talkers used in Experiment 2. To determine this, we conducted
acoustic analyses for the second male talker's voice in Experi-
ment 3, and compared the differences between the two males to
those of the male and female talkers' voices used in Experiment 2.
Table 1 provides a comparison of the pitch and durational char-
acteristics for the talkers used in Experiments 2 and 3.

With respect to their mean pitch and pitch peak, the talkers in
Experiment 3 were lower than those in Experiment 2, F(l,
166) = 53.79, p < .001, and F(l, 166) = 47.02, p < .001,
respectively, and the experimental condition/talker interaction was
marginally significant, F(l, 166) = 3.58, p = .06, for mean pitch
and significant, F(l, 166) = 5.50, p = .02, for pitch peak. Once
again, the differences between the talkers in the same-sex condi-
tion are smaller than the differences between the talkers in the
opposite-sex condition with respect to mean pitch and pitch peak.
The analyses of the durational characteristics of the target words
provided no indication of greater differences between talkers of the
opposite sex than between the two male talkers. Thus, the main
effect of experimental condition on the average duration of the
words spoken by the two talkers, F(l, 166) = 2.10, p > .14, was
not significant, nor was the interaction between experimental con-
dition and talker, F(l, 166) = 1.89, p > .17. Overall, then, the
acoustic analyses comparing the opposite-sex talkers with two
male talkers mirror those for the comparison of the female talkers

with the opposite-sex talkers. In both instances, there was signif-
icant evidence for the greater dissimilarity of the opposite-sex
talkers in the mean pitch and pitch peak measures but not for the
durational measure. In addition, judgments gathered on the per-
ceived similarity of the two male talkers (Houston, 1999) indicated
that the mean squared distance between the two male talkers in the
present experiment (2.55) was less than that for the male and
female talkers in Experiment 2 (6.64).

Taken together, the results of the first three experiments reveal
that 7.5-month-olds can recognize instances of the same words
produced by different talkers, under certain circumstances. In
particular, when differences between talkers1 voices are not great,
such as when two talkers are of the same sex and speak a similar
dialect, 7.5-month-olds display some ability to generalize their
representations of words spoken by one talker to those of another
talker. However, when the differences between talkers' voices are
greater, such as when they are of the opposite sex, 7.5-month-olds
do not display recognition of the same word produced by different
talkers. To verify this apparent effect of talker similarity in 7.5-
month-olds' ability to recognize words across different talkers, we
submitted the average familiar and unfamiliar passage orientation
times from Experiments 1-3 to an ANOVA of a 3 (experi-
ment) X 2 (word familiarity) mixed design. The main effect of
word familiarity was significant, F( 1, 93) = 11.02, p < .01, but the
main effect of experiment was not, F(2, 93) < 1.00, Moreover,
there was a significant interaction between these two factors, F(2,
93) = 3.16, p < .05. Paired comparisons revealed a marginally
significant experiment/word familiarity interaction comparing Ex-
periments 1 (female talkers) and 2 (female/male talkers), F(l,
70) = 2.81, p = .097, a significant interaction comparing Exper-
iments 2 (female/male talkers) and 3 (male talkers), F(l,
58) = 5.88, p < ,02, and no interaction comparing Experiments 1
(female talkers) and 3 (male talkers), F(l, 58) < 1.00.

In sum, the findings suggest mat the likelihood that 7.5-month-
olds will recognize a word in fluent speech is not based solely on
the abstract phonetic properties of the word. Rather, the similari-
ties among the indexical properties of words also appear to matter.
Consequently, at this early phase in the development of word
segmentation abilities, instances of the same word spoken by
different talkers may not always be categorized by 7.5-month-olds
as the same word, especially if the talkers' voices differ substan-
tially in acoustic characteristics, such as pitch. Of course, eventu-
ally language learners must be able to generalize words across a
wide variety of talkers. To gain some indication of when this
ability may develop, we decided to conduct a version of Experi-
ment 2 with an older group of infants.

Experiment 4

The second half of the first year of life marks a period of
important changes in infants' speech-perception capacities. For
example, between 6 and 10 months, infants' ability to discriminate
non-native speech contrasts begins to decline for many distinctions
(Best, 1995; Lalonde & Werker, 1995; Tsushima et al., 1994;
Werker & Lalonde, 1988; Werker & Tees, 1984) but not all (Best,
McRoberts, & Sithole, 1988; Polka & Bonne, 1996). During the
same period, infants are becoming more attuned to certain char-
acteristics of native language sound patterns such as their typical
prosodic (Jusczyk, Cutler, & Redanz, 1993; Morgan & Saffran,
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1995; Turk, Jusczyk, & Gerken, 1995) and phonotactic properties
(Friederici & Wessels, 1993; Jusczyk, Friederici, Wessels, Sven-
kerud, & Jusczyk, 1993; Jusczyk, Luce, & Charles-Luce, 1994). It
is during this period of changing sensitivity to native and norma-
tive language input that the beginnings of word-segmentation
abilities have been first reported (e.g., Jusczyk & Aslin, 1995;
Saffran et al., 1996). However, it also appears that infants' abilities
to segment words from fluent speech contexts undergo consider-
able development between 7.5 and 10.5 months of age. For exam-
ple, Jusczyk, Houston, et al. (1999) found that at 7.5 months,
English-learners do not segment words with weak-strong stress
patterns from fluent speech, although they do segment ones with
strong-weak stress patterns. However, by 10.5 months, English-
learners are able to segment words with weak-strong patterns.
Similarly, Jusczyk, Hohne, et al. (1999) found no indication that
9-month-old English-learners are sensitive to allophonic markers
of word boundaries but that 10.5-month-olds are sensitive to such
cues. In light of the changes taking place in the development of
word segmentation abilities at around 10.5 months, it seemed
reasonable to ask whether infants at this age might also generalize
words produced by a talker to those produced by a talker of the
opposite sex. To explore this possibility, we tested 10.5-month-
olds with the same stimuli that the 7.5-month-olds heard in
Experiment 2.
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Figure 4. Displays 10.5-month-olds' average orientation times and stan-
dard error (± 1 SE) to test passages in Experiment 4 across four blocks of
trials. Passages were presented by either a male or female talker—the
opposite-sex talker than whichever was used during the familiarization
phase.

Method

Participants. Thirty-two American 10.5-month-olds from monolingual
English-speaking homes were tested The infants had a mean age of 45
weeks, 6 days (range = 43 weeks, 3 days to 49 weeks, 0 days). Fifteen
additional infants were tested but not included due to crying (4), failure to
complete the full set of test trials (5), equipment failure (1), and experi-
menter error (5). All were recruited from families living in the greater
Baltimore, Maryland area.

Stimuli, apparatus, and procedure. These were identical to Experi-
ment 2.

Results and Discussion

The infants' average orientation time to each word was com-
puted. An ANOVA of these data revealed significant main effects
of word familiarity, F(l, 31) = 6.45, p < .02, and test block, F(3,
93) = 17.44, p < .001. However, the Word Familiarity X Test
Block interaction was not significant, F(3, 93) < 1.00. Figure 4
displays the average orientation times to the passages with the
familiarized (Af = 7.22 s; SD = 2.45 s) and the unfamiliar
(M = 6.25 s; SD = 2.38 s) target words. The means differed
by 0.97 s (95% CI: 0.20 < 0.97 < 1.74). Overall, 21 of the 32
infants oriented longer to the passages containing the familiarized
words.

To evaluate the differences in abilities between 7.5- and 10.5-
month-olds to generalize words across talkers of the opposite sex,
we submitted the data from Experiments 2 and 4 to an ANOVA of
a 2 (age) X 2 (word familiarity) mixed design. There was a
marginally significant main effect of age, F(l, 66) = 3.23,
p = 0.08, reflecting shorter overall orientation times of the older
infants. Also, there was a significant main effect of word famil-
iarity, F(l, 66) = 4.29, p < .05. Most importantly, there was a
significant interaction between age and word familiarity, F(l,
66) = 4.27, p < .05.

The pattern of results suggest that, in contrast to 7.5-month-
olds, 10.5-month-olds familiarized with words produced by one
talker, subsequently recognized these words in passages produced
by a talker of the opposite sex. Clearly, the ability to generalize
words across different talkers improves between 7.5- and 10.5-
months of age. This improvement hi the ability to generalize across
the productions of the same words by different talkers is another
manifestation of the developments occurring in infants' word-
segmentation abilities during this short period. English learners
move from a heavy reliance on the location of stressed syllables to
identify word onsets in fluent speech to the use of multiple sources
of information in word segmentation. The latter change allows
infants to segment words with a wider range of stress patterns from
fluent speech. Similarly, the improvements documented here,
in 10.5-month-olds' abilities to generalize across productions of
the same words by different talkers, allow them to recognize
particular words in a wider range of contexts. In this sense, infants
are becoming more adult-like in their word-segmentation abilities.

General Discussion

The findings reported here suggest that talker-specific speech
characteristics can affect infants' recognition of words in fluent
speech. Although English-learning 7.5-month-olds displayed some
capacity to generalize words across two female talkers and two
male talkers, they did not generalize across productions of the
same words produced by a female and a male talker. Acoustic
analyses revealed that the voices in the same-sex talker conditions
were more similar to each other than those in the opposite-sex
talker condition with respect to their pitch characteristics. By 10.5
months, English-learners who were familiarized with words from
one talker did recognize these words in fluent speech contexts,
when spoken by a talker of the opposite sex.
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The findings are at odds with a biological view that assumes
prewired neural mechanisms normalize speech with respect to
talker-specific information (e.g., Sussman, 1984, 1986). Such an
approach predicts that talker-specific information is stripped from
infants' representations. Instead, the present findings indicate that
talker specific characteristics of speech do affect infants' recogni-
tion of words and that the ability to cope with talker variability
develops as language is acquired.

The overall pattern of findings across the present series of
experiments raises several questions that merit further discussion.
First, why do talker-voice differences pose any problem in 7.5-
month-olds' ability to recognize words in fluent speech contexts?
Second, what is responsible for the improvement in the ability
of 10.5-month-olds to tolerate talker voice differences in recog-
nizing words in fluent speech? Third, how do the present findings
bear on the issue of whether infants* representations of the sound
structure of particular words are abstract phonetic descriptions or
are ones that include indexical information relating to talker voice
characteristics? In the following discussion, we attempt to address
each of these questions.

As noted earlier, several previous studies have demonstrated
that infants younger than 7.5 months are able to ignore talker
differences in discriminating certain phonetic contrasts (e.g., Jus-
czyk et al., 1992; Kuhl, 1979, 1983). Given this apparent capacity
for dealing with the acoustic variability in different talkers' pro-
nunciations of the same syllables, why were the 7.5-month-olds in
Experiment 2 who were familiarized with words produced by one
talker unsuccessful in recognizing the same words in the passages
produced by a talker of the opposite sex? One potential factor has
to do with a change in the nature of the task demands between the
earlier investigation and the present one. In particular, in the earlier
studies in which infants were able to ignore talker voice differ-
ences, the discrimination task involved an immediate shift from
one phonetic stimulus to another. The infants in this setting simply
had to detect that a phonetic change had occurred. By comparison,
in the present study, infants had to retain information about two
different words produced in citation form, then subsequently rec-
ognize the occurrence of fluent speech versions of these items in
the midst of a number of surrounding words. In the face of these
additional processing demands, the infants' ability to ignore dif-
ferences between talkers with dissimilar voices may have broken
down. Some empirical support for this view comes from two
previous investigations. First, when Jusczyk et al. (1992) required
2-month-olds to retain information over a short delay period, they
found that talker variability disrupted their ability to detect a
phonetic change between their test stimuli. Second, Stager and
Werker (1997) found that 14-month-olds who were able to dis-
criminate a phonetic contrast in a simple discrimination experi-
ment, failed to discriminate the same contrast in a word-learning
task. They attributed the failure in the latter task to the greater
demands it imposed on infants' language-processing capacities.

Let us now address the second question. What promotes the
change in the ability of 10.5-month-olds to recognize productions
of the same word by talkers of the opposite sex? One possibility is
that a perceptual normalization process that strips away talker-
specific information underlies infants' ability to ignore talker
differences and that the greater experience and practice of older
infants allows them to execute this process more rapidly and
efficiently. Such an account would certainly be consistent with

influential views of perceptual learning (e.g., Gibson, 1969). How-
ever, an alternative explanation is that indexical information (in-
cluding talker-voice characteristics) is retained in infants' repre-
sentations of the sound structure of words and that the
developmental improvement results because of a shift in the
weighting of the information stored in infants' lexical representa-
tions. For instance, the WRAPSA Model proposes that infants
learn to weigh more heavily those properties of speech that are
most relevant for making meaningful distinctions among words in
the native language (Jusczyk, 1993, 1997). This would mean that
although infants retain information relating to talker-specific char-
acteristics, they tend to give greater weight to those characteristics
that are most relevant to making phonemic distinctions (see also
Nosofsky, 1988). Thus, although infants at this age appear to be in
the process of developing phonemic categories (e.g., Werker,
1991; Werker & Tees, 1984), there is also some indication that
they still retain information about the specific voice characteristics
of different talkers. In addition to the present findings, Jusczyk,
Hohne, Jusczyk, and Redanz (1993) reported that 8.5-month-olds
demonstrated recognition of an unfamiliar female talker's voice
when subsequently tested on this talker and another female talker
two weeks later. Although the present data do not rule out the first
possible explanation (i.e., that 10.5-month-olds omit talker-
specific information), more recent research in our laboratory sug-
gests that talker-specific information still plays a role in word
recognition by infants at this age. Specifically, Houston and Jus-
czyk (2000) found that although infants recognized familiarized
words after a 1-day delay when the words and passages were
produced by the same talker, both 7.5- and 10.5-month-olds failed
to do so when familiarization words and test passages were pro-
duced by different talkers.

Turning to the third question, what do the present findings have
to say about the nature of infants' representations of the sound
structure of words? The finding that certain talker voice differ-
ences affect 7.5-month-olds* ability to recognize the familiarized
words in fluent speech contexts is certainly consistent with the
view that indexical information is encoded in then- representations
of words. If such information is not part of their representations of
the sound structure of words, then we need another explanation of
why 7.5-month-olds have difficulty generalizing across talkers of
the opposite sex.

Even if we accept the possibility that indexical information is
included in 7.5-month-olds' representations of words, other ques-
tions arise. For instance, in the present study, the type of talker
differences that affected 7.5-month-olds' recognition of words was
one that involved talkers of the opposite sex. This raises the
possibility that the kind of indexical information encoded into
infants' representations of words relates not to the identity of a
particular talker, but to the particular sex of the talker. In other
words, infants at this age may simply have separate representations
of words produced by men and women. Consistent with this view
are findings from a study with adults by Geiselman and Bellezza
(1977) who reported that it is the sex of the talker that is inciden-
tally retained in processing speech information. However, a more
recent investigation with adults, Palmeri et al. (1993) used a
greater range of talkers (up to 20 different talkers in some of their
test conditions). Palmeri et al. found that same-talker repetitions of
words were better recognized than different-talker repetitions of
the same words and that there was no evidence of any significant
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interaction with talker sex on these effects. In other words, the
magnitude of the difference between same- and different-talker
repetitions was not greater for two talkers of the opposite sex than
for two of the same sex. These findings seem to show that it is
talker-specific information and not just information about the sex
of talkers that adults retain in their representations. The plausibility
of the view that infants retain sex-specific but not talker-specific
information is also strained by certain findings with infants. Recall
also that Jusczyk, Hohne, et al.'s (1993) found that 8.5-month-olds
retained information about a particular female talker's voice versus
that of another female talker's voice. Other evidence shows that
newborn infants recognize their own mother's voice from that of
another female (DeCasper & Fifer, 1980). Such findings appear to
demand a more detailed encoding of talker-specific characteristics
than is provided by the view that only sex-specific information is
included in 7.5-month-olds' representations of words.

Although we have argued that the present findings are consistent
with views that representations of words include information about
talker-specific characteristics (e.g., Goldinger, 1996; Jusczyk,
1997; Remez et al., 1997), we readily acknowledge that more
evidence is required to establish the validity of our claim. We are
currently exploring whether with a 1-day delay period following
familiarization, infants are better at recognizing words produced
by the same talker or a different talker (Houston & Jusczyk, 2000).
Similarly, a more systematic scaling of talker voice differences
will provide a more definitive account of how acoustic dissimilar-
ities between talkers affect 7.5-month-olds* ability to recognize
words in fluent speech contexts (Houston, 1999). In the meantime,
the present findings provide new information about infants' devel-
oping capacities for word segmentation. They extend previous
research by demonstrating that even at the very beginning phase of
segmenting words from fluent speech, 7.5-month-olds have some
capacity to generalize across different talkers of the same sex.
Three months later, this ability has improved to the point at which
they are able to generalize more readily across talkers of the
opposite sex.
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Appendix

Passage Recorded as Stimuli in Test Phases

His bike had big black wheels. The girl rode her big bike. Her bike could The feet were all different sizes. This girl has very big feet. Even the toes
go very fast. The bell on the bike was really loud. The boy had a new red on her feet are large. The shoes gave the man red feet His feet get sore
bike. Your bike always stays in the garage. from standing all day. The doctor wants your feet to be clean.

The dog ran around the yard. The mailman called to the big dog. He
patted his dog on the head. The happy red dog was very friendly. Her dog
barked only at squirrels. The neighborhood kids played with your dog.

The cup was bright and shiny. A clown drank from the red cup. The Received May 11, 1999
other one picked up the big cup. His cup was filled with milk. Meg put her Revision received November 3, 1999
cup back on the table. Some milk from your cup spilled on the rug. Accepted December 13, 1999 •
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