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Infants’ long-term memory for the phonological patterns of words versus the indexical properties of
talkers” voices was examined in 3 experiments using the Headturn Preference Procedure (D. G. Kemler
Nelson et al., 1995). Infants were familiarized with repetitions of 2 words and tested on the next day for
their orientation times to 4 passages—2 of which included the familiarized words. At 7.5 months of age,
infants oriented longer to passages containing familiarized words when these were produced by the
original talker. At 7.5 and 10.5 months of age, infants did not recognize words in passages produced by
a novel female talker. In contrast, 7.5-month-olds demonstrated word recognition in both talker condi-
tions when presented with passages produced by both the original and the novel talker. The findings
suggest that talker-specific information can prime infants’ memory for words and facilitate word

recognition across talkers.

Understanding spoken language involves segmenting fluent
speech into words and accessing representations of those words
from memory. Native language users can recognize familiar words
effortlessly, even when those words have not been encountered in
days, months, or longer. During the 2nd year of life, normally
developing children hit their word-learning stride, rapidly encod-
ing many words a day (Bloom, 1975; Clark, 1973). To learn
words, language learners must link sound patterns to their appro-
priate meanings. Although many studies have focused on how
children attach the appropriate meanings to words (e.g., see A. L.
Woodward & Markman, 1997, for a review), considerably less is
known about what they first encode into memory regarding the
sound patterns of words and when they begin this encoding.

In a typical language environment, the vast majority of words
that infants hear occur in the context of fluent speech rather than
in isolation (van de Weijer, 1998; J. Z. Woodward & Aslin, 1990).
Hence, before they can encode the sound patterns of words into
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memory, infants must first segment them from fluent speech.
Pioneering work by Jusczyk and Aslin (1995) showed that by 7.5
months of age, infants display some ability to segment monosyl-
labic words from fluent speech. Infants who were familiarized with
two words (repeated in citation form) and then tested on four
passages—two of which contained the familiarized words—Iis-
tened significantly longer to the passages with the familiarized
words than to control passages. These findings suggest that the
infants stored some information about the sound patterns of the
words, which then allowed them to recognize these words when
they occurred subsequently in the fluent speech passages.

Since Jusczyk and Aslin’s (1995) work, numerous investiga-
tions have shown that infants are sensitive to regularities in speech
and can use these to segment words from fluent speech. For
example, between 6 and 9 months of age, English-learners develop
sensitivity to the predominant stress pattern of words in English
(Jusczyk, Cutler, & Redanz, 1993). Moreover, they are able to use
this information to extract words with the predominant stress
pattern from fluent speech (Echols, Crowhurst, & Childers, 1997;
Houston, Jusczyk, Kuijpers, Coolen, & Cutler, 2000; Houston,
Santelmann, & Jusczyk, in press; Jusczyk, Houston, & Newsome,
1999). Between 7.5 and 10.5 months of age, infants also begin to
exploit phonotactic probabilities (Mattys, Jusczyk, Luce, & Mor-
gan, 1999), allophonic cues (Jusczyk, Hohne, & Bauman, 1999),
statistical cues (Saffran, Aslin, & Newport, 1996), and coarticula-
tion cues (E. K. Johnson & Jusczyk, 2001) to identify sequences of
sounds in fluent speech that correspond to words. The point here
is that well before the end of their 1st year, infants have the
capacity to extract the sound patterns of potential words from
fluent speech.

To be useful in comprehending utterances, the representations of
the sound patterns of words that infants encode must persist in
long-term memory and generalize to new instances. Although
much progress has been made in understanding infants’ word
segmentation abilities, little information is available regarding
their memory for words that they segment from the speech stream.
Do infants preserve information about the sound patterns of seg-
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mented words longer than the 5-min duration of a testing session
in a word segmentation study? If so, what is the nature of infants’
word representations? Do the representations contain only abstract,
phonological information about the sound patterns of words, or do
they contain much more detailed information about the acoustic
and/or articulatory characteristics of the specific instances of the
words heard? These questions are relevant to understanding how
infants begin to build a vocabulary. The representations of sound
patterns of words that fluent speakers store in their lexicons allow
them to recognize these words even when they are produced by
unfamiliar talkers. Does the same hold true for language learners
when they begin storing words and building a vocabulary, or is
there some developmental period that infants must pass through
before they can successfully generalize across different talkers’
productions of the same words?

It is possible that infants encode both phonological and indexi-
cal information of words in long-term memory and that after
hearing different exemplars of the same words repeated in similar
contexts, they eventually learn to focus their attention on linguis-
tically relevant properties to identify words. In the word recogni-
tion and phonetic structure acquisition (WRAPSA) model, Jusczyk
(1993, 1997) proposed that at the first level of infant speech
perception, auditory input is picked up by “auditory analyzers,”
which provide a description of the spectral and temporal features
present in the acoustic signal. Jusczyk also postulated that with
exposure to speech, infants develop a weighting scheme that gives
prominence to features important for understanding the particular
language the infant is acquiring. Once the input is recoded and
weighted, infants extract the sound patterns of words from fluent
speech, and these are matched and stored as representations in the
mental lexicon. A fundamental aspect of this model is that it is an
exemplar-based system. Instances of words are stored that contain
both linguistic and nonlinguistic information, such as the identity
and the sex of the talker. In the present investigation, we began to
examine whether infants encode both linguistic and talker-specific
information in long-term memory by testing infants’ ability to
recognize words in fluent speech by the original or by a novel
talker 1 day after familiarization with productions of these words.
Investigating what information infants store in their long-term
memory for the sound patterns of words is a first step in under-
standing how exposure to words may affect the nature of infants’
word representations and their word recognition strategies. More-
over, this study provides additional information relevant for un-
derstanding how infants become adept at recognizing words across
a variety of talkers.

The WRAPSA model and some other exemplar-based models of
the mental lexicon represent a shift from a traditional view of the
mental lexicon. A traditional view of the mental lexicon assumes
that representations of the sound patterns of words consist of
phonological descriptions that are stable across different instances
of the same word. Word representations are thought to be free of
indexical properties—characteristics that provide listeners with
information about a talker’s identity, sex, emotional state and so
forth—that typically vary across different utterances. Several ex-
planations have been offered about how listeners extract phono-
logical information from speech while eliminating the indexical
“noise.” One suggestion is that there are invariant acoustic prop-
erties specifying particular phonemes and that specialized percep-
tual detectors ignore extraneous information and identify these
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invariant properties (Blumstein & Stevens, 1980; Fant, 1960;
Stevens, 1972; Stevens & Blumstein, 1981). However, the exis-
tence of invariant acoustic properties has repeatedly been called
into question (Klatt, 1989; Liberman, 1996). Other approaches
appeal to a perceptual normalization process that leaves listeners
with phonological information. For example, it has been proposed
that indexical information is factored out by the perceptual sys-
tem’s accommodation to the characteristics of talkers’ vocal tracts
and speaking behaviors (e.g., Gerstman, 1968; Shankweiler,
Strange, & Verbrugge, 1977) or by listeners’ use of acoustic
reference points (e.g., FO and F3) in the speech signal to estimate
phonological properties (Strange, 1989; Syrdal & Gopal, 1986).
These two views are not incompatible. Listeners could use a
combination of the two—the perceptual system may first estimate
phonological properties based on reference points and then grad-
ually make adjustments as it acquires talker-specific information
(Creelman, 1957; Nusbaum & Morin, 1992). Some researchers
have gone so far as to suggest specialized neural assemblies in the
brain that are dedicated to extracting the linguistic information
from speech and ignoring the indexical properties (Sussman, 1984,
1986). The various approaches in the aforementioned models all
share the assumption that talker-specific information must be
discarded to arrive at phonologically pure forms.

The traditional view that word representations are phonologi-
cally pure has been called into question by findings suggesting that
listeners encode indexical properties in their word representations.
Specifically, word identification and recognition are affected by
talker-specific information. Listeners are better at recognizing the
recurrence of a word in a list when the word is presented by the
same talker both times than they are if the talkers are different
(Bradlow, Nygaard, & Pisoni, 1999; Craik & Kirsner, 1974; Palm-
eri, Goldinger, & Pisoni, 1993). Likewise, listeners demonstrate
same-talker facilitation when identifying words in white noise
(Goldinger, 1996; Nygaard, Sommers, & Pisoni, 1994). Goldinger
(1996) explored same-talker facilitation effects on implicit and
explicit memory of words over delays of 5 min, 1 day, and 1 week.
He found same-talker facilitation effects on the implicit memory
task (word identification in noise) at all delay intervals, but facil-
itation effects on the explicit memory task (word recognition) were
only present for the 5-min and 1-day delay intervals. Similarly,
Church and Schacter have found evidence for voice repetition
priming on implicit but not explicit memory tasks (Church &
Schacter, 1994; Schacter & Church, 1992). These results suggest
that listeners may form implicit memory traces of talker-specific
information.

Findings such as these have led some researchers to propose that
listeners encode specific, acoustically detailed instances of words
in their lexicons rather than abstract, canonical versions of words
(Goldinger, 1996, 1998; K. Johnson, 1997; Jusczyk, 1993, 1997).
Indeed, Jusczyk’s (1993, 1997) WRAPSA model assumes that
infants store specific exemplars of the sound patterns of words that
contain some acoustic details such as the unique characteristics of
individual talkers. Similarly, Remez, Fellowes, and Rubin (1997)
have argued that the phonetic properties of words contain talker-
specific as well as linguistic information. For example, when
presented with sinewave speech, which lacks fundamental fre-
quency information usually associated with voice quality, listeners
could nevertheless identify the talker who produced the sentences
(Remez et al., 1997). Remez et al. interpreted their findings as
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indicative of a common phonetic code that listeners use to extract
both linguistic and talker-specific information.

Despite growing interest in the nature of word representations in
adults, only a handful of investigations have addressed these issues
with respect to language learners. Pioneering investigations by
Kuhl (1979, 1983) showed that 6-month-olds discriminate vowel
contrasts across different talkers, suggesting that at least to some
degree, infants can focus on phonetic differences and not react to
indexical ones. Likewise, Jusczyk, Pisoni, and Mullennix (1992)
found that 2-month-olds could detect syllable changes when these
were produced by different talkers. More recently, Houston and
Jusczyk (2000) explored the effects of changing talkers on infants’
ability to recognize the sound patterns of words. They familiarized
7.5- and 10.5-month-olds with words produced by one talker and
then presented the infants with passages produced by a second
talker. When the two talkers were of the same sex, 7.5-month-olds
showed recognition of the familiarized words. However, when the
talkers were of the opposite sex, 7.5-month-olds did not orient
longer to the passages, but 10.5-month-olds did. The latter finding
suggests that infants’ representations of the sound patterns of
words become more generalizable toward the end of the first year.
Acoustic analyses of the stimuli revealed that the same-sex talkers
were more similar to each other with respect to pitch measure-
ments of the target words. Houston and Jusczyk’s findings suggest
that similarity between talkers plays a role in infants’ ability to
recognize words across different talkers.

Researchers have only recently begun to investigate infants’
long-term memory for the sound patterns of words. Jusczyk and
Hohne (1997) found evidence that 8.5-month-olds’ memory for the
sound patterns of words may persist for as long as 2 weeks.
Jusczyk and Hohne familiarized infants with stories produced by
different talkers once a day for 10 days during a 2-week period.
Two weeks after they had last heard the stories, infants were
presented with lists of words that either did or did not occur in the
stories. Infants oriented significantly longer to the lists of words
from the stories, suggesting that they remembered the words. In a
related study, Jusczyk, Hohne, Jusczyk, and Redanz (1993) tested
whether another group of infants, familiarized with the same
stories but always hearing them produced by a single talker,
retained information about the talker. Two weeks after they last
heard the stories, infants were once again tested on lists of words
that had occurred in the stories, but half of the lists were produced
by the familiar talker and the other half by an unfamiliar talker.
The infants listened significantly longer to the lists produced by
the familiar talker, suggesting that they retained information about
that talker’s voice characteristics. These findings raise the possi-
bility that infants do encode talker-specific characteristics in their
representations of words. However, because the paradigm evalu-
ates how infants respond to an entire list of items and not to
individual words, it is difficult to say much on this basis about the
nature of the representations of particular words.

The present investigation directly assessed infants” memory for
the sound patterns of words with respect to talker-specific infor-
mation. To our knowledge, this is the first study to investigate
infants’ long-term memory for both linguistic and indexical prop-
erties of spoken words. This approach will provide new informa-
tion about the nature of infants’ word representations following a
significant delay. Our approach was twofold. First, we examined
the possibility that infants are able to encode the sound patterns of
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words into long-term memory with a much shorter familiarization
period than used in previous investigations (Jusczyk & Hohne,
1997). We used a brief familiarization period and tested infants
after a 1-day delay. Second, we explored infants’ long-term mem-
ory for talker-specific properties of words. Will infants recognize
words in fluent speech passages when these are produced by a
novel talker 1 day after the infants were familiarized with the
words? If so, this might imply that infants encode abstract repre-
sentations of the phonological characteristics of words, which do
not include talker-specific information. Alternatively, a finding
that infants do not readily generalize to productions of the famil-
iarized words by a novel talker would suggest that infants’ repre-
sentations of words include indexical information, such as talker-
voice characteristics.

To address these issues, three experiments were conducted using
a modified version of the Headturn Preference Procedure (Kemler
Nelson et al., 1995). Infants were presented with isolated versions
of two monosyllabic words in a 3-to-5-min familiarization period,
during which each word was heard between 20 and 40 times. On
the following day, infants were presented with four passages, two
containing the familiarized words and two containing unfamiliar
targets. Experiment 1 assessed whether infants retained any infor-
mation about the familiarized words after a 1-day delay. For this
reason, only recordings from a single talker were used. Subsequent
experiments involved familiarizing infants with words from one
talker and then testing them with passages produced by either
another talker (Experiment 2) or by both the novel and the original
talker (Experiment 3). These manipulations allowed us to test
infants” long-term memory for the sound patterns of words and
voices and to determine the effect of talker-specific information on
infants’ ability to access the sound patterns of words from long-
term memory.

Experiment 1

To test infants” long-term memory for the sound patterns of
words, we used stimuli identical to and a method similar to those
used by Jusczyk and Aslin (1995). They found that 7.5-month-olds
but not 6-month-olds oriented significantly longer to passages
containing familiarized words than to passages containing unfa-
miliar target words, suggesting that the older infants can segment
and recognize familiarized words in fluent speech contexts. The
familiarization period was brief, consisting of between 20 and 40
repetitions of each word, and the test phase followed immediately.
Hence, Jusczyk and Aslin did not necessarily test infants” long-
term memory for spoken words. In the present experiment, we
inserted a 1-day delay between the familiarization and test phases.
Otherwise, the experiment was identical to Jusczyk and Aslin’s. In
contrast to the study conducted by Jusczyk and Hohne (1997), in
which infants heard the test words 13 times a day on average for
10 days, the familiarization period in the present study was much
less extensive (an average of 30 repetitions of each target). Thus,
the present study may prove useful in gauging how little exposure
is sufficient for infants to encode the sound patterns of words in
long-term memory.

Method

Subjects.  Twenty-four American 7.5-month-olds (14 female, 10 male)
from monolingual English-speaking families were tested. The infants had
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Table 1
Passages Recorded as Stimuli in Test Phases
Target word Passage
bike His bike had big black wheels. The girl rode her big bike. Her bike could go very fast. The
bell on the bike was really loud. The boy had a new red bike. Your bike always stays in
the garage.
dog 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.

cup The cup was bright and shiny. A clown drank from the red cup. The other one picked up the
big cup. His cup was filled with milk. Meg put her cup back on the table. Some milk

from your cup spilled on the rug.

feet The feet were all different sizes. This girl has very big feet. Even the toes on her feet are
large. The shoes gave the man red feet. His feet get sore from standing all day. The

doctor wants your feet to be clean.

a mean age of 33 weeks, 2 days (range = 30 weeks, 6 days to 35 weeks,
4 days; SD = 10 days). Eight additional infants were tested but not
included because of failure to complete the full set of test trials due to
restlessness and/or crying (4), failure to look for an average of at least 3 s
to each stimulus type (2), ear infection (1), and equipment failure (1). All
infants 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 a single female talker. The words and passages were
the same as those used by Jusczyk and Aslin (1995). A passage of six
sentences was constructed for each of four words (cup, dog, feet, and bike).
The target word occurred once in each sentence, in variable sentence
positions (see Table 1). Within each passage, the target word was always
preceded by a different word in each sentence. Across the passages, the
words preceding the targets were the same (i.e., his, red, the, big, old, and
your). The words following the targets differed for each target type. We
used the same recordings as Jusczyk and Aslin. The female talker had been
instructed to read the four passages as if she were speaking to a young
child. Next, she was asked to repeat each of the four words (cup, dog, feet,
and bike) successively 15 times with varied intonation, as if speaking to a
young infant.

The mean 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; SD = 1 s). The mean
duration of the lists was 26.53 s (ranging from 25.84 s for the feet list to
27.13 s for the dog list; SD = 0.56 s).

Apparatus. The experiment was conducted in a three-sided test booth
constructed of pegboard, with 4- X 6-ft (1.2- X 1.8-m) panels on three
sides and an open back. This made it possible for an observer to look
through one of the existing holes to monitor the infant’s headturns. Except
for a small section for viewing the infant, the 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 the flashing center and side lights, recorded the
direction and duration of headturns, and terminated a trial when the infant
looked away for more than 2 s. Information about the direction and
duration of headturns and the total trial duration were stored in a data file
on the computer.

Procedure. Infants were tested using a version of the Headturn Pref-
erence Procedure (Kemler Nelson et al., 1995). On the 1st day, half of the
infants were familiarized with one pair of words (cup and dog), and the

other half were familiarized with the other pair (bike and feet). On the 2nd
day, all of the infants were tested on the four passages produced by the
original talker. Each infant sat on the lap of a caregiver who was seated on
a chair in the center of the test booth. At the beginning of each trial, the
center light flashed until the infant oriented to the center. Then, the center
light was turned off, and one of the sidelights began flashing. When the
infant oriented at least 30° in the direction of the light, the speech stimulus
was presented to the same side as the flashing light. The side of presen-
tation was randomized within and across infants and was unrelated to the
stimulus conditions. The stimulus continued until the infant looked away
for 2 s or until the end of the trial. The amount of time that the infant
oriented to the stimulus side while the stimulus was playing was recorded
for each trial.

During the familiarization phase, on a given trial each infant was
presented with different tokens of one of the two familiarization words.
The familiarization words were presented on alternating trials until at least
30 s of looking time was accumulated for each word. The caregivers
returned on the following day with their infants. 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 subject, two of the
passages contained the target words presented during familiarization, and
the other two passages contained target words not heard during familiar-
ization. An average orientation time difference between the passages with
the familiarized and unfamiliarized target words was taken as an indication
that the infants differentiated the two types of passages, presumably be-
cause they recognized the familiarized words in the passages.

An observer hidden behind the center panel looked through a peephole
and recorded the direction and duration of the infant’s headturns, using the
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 setat 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 unaware
of which particular stimulus was presented at any given time.

Reliability. The looking times of the infants were computed online by
the observer. In order to assess the reliability of our online measures, a
second person recoded the looking responses of several of the infants. For

1 During the years in which data were collected on Experiment 1 and
Experiment 2a (1996-1997), the Buffalo metropolitan area population was
85% White and 15% minority. Racial-ethnic and socioeconomic status
information was not collected from the study subjects, but subjects were
recruited from one suburban hospital and one hospital located in the inner
city (in order to maximize minority representation in the samples).
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each experiment, the videotape recordings of six subjects were randomly
selected for recoding, and correlations between the two codings were
calculated: .99 for Experiment 1, .98 for Experiment 2a, .95 for Experiment
2b, and .97 for Experiment 3. These correlations are very high, suggesting
that the measures of looking time and direction taken by the original
observer were accurate and reliable.

Results and Discussion

The mean orientation times to the passages containing the
familiarized words and to the control passages were computed
for each infant.?> The 7.5-month-olds oriented, on average,
9.73 s (SD = 3.68 s) to the familiarized word passages and
8.10 s (SD = 3.67 s) to the control passages (see Figure 1). The
difference of the means was 1.63 s (95% CI: 0.72 < 1.63 <
2.54), and a paired t test revealed that this difference was
statistically significant, t(23) = 3.69, p < .01. Overall, 20 of the
24 infants oriented longer to the passages containing the famil-
iarized words.

The results replicate those reported by Jusczyk and Aslin
(1995). In both investigations, 7.5-month-olds oriented signifi-
cantly longer to the passages containing familiarized words, sug-
gesting that they recognized the words even after a 1-day interval
between the familiarization and test phases. The present findings
are consistent with those of Jusczyk and Hohne (1997) in that they
show that infants retained the sound patterns of words in memory.
Moreover, these findings extend the previous work by demonstrat-
ing that 7.5-month-olds encoded the sound patterns of words into
long-term memory after a relatively short familiarization period.
Thus, the results establish that the word segmentation paradigm
can be used to explore infants’ long-term memory of the sound
patterns of familiarized words.

[l Femiliorized Word Passages

. Control Passages

Mean Orientation Time
n
1

Experiment 1

Experiment 2a  Experiment 2b

Figure 1. Infants” mean orientation times (in seconds) to test passages 1
day after familiarization in Experiments 1, 2a, and 2b. In Experiment 1,
passages were presented to 7.5-month-olds by the original female talker, as
in the familiarization phase. In Experiment 2a, 7.5-month-olds were pre-
sented with passages by a novel female talker. Experiment 2b was the same
as 2a but was administered to 10.5-month-olds. Error bars represent stan-
dard errors.
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Although the present findings and those of Jusczyk and Hohne
(1997) indicate that infants encode speech information into long-
term memory, neither study revealed the exact nature of infants’
word representations. On the one hand, infants may have encoded
both indexical and linguistically relevant properties of the target
words. On the other hand, infants could have responded appropri-
ately to the test passages even if their representations only included
the linguistically relevant, and not the indexical, information as-
sociated with the familiarization words. The possibility that infants
encode indexical—namely, talker-specific—properties of speech
into their long-term memories for the sound patterns of words was
explored in Experiment 2.

Experiment 2a

According to a traditional view of speech perception, represen-
tations of the sound patterns of words contain only linguistically
relevant information (Halle, 1985; Liberman & Mattingly, 1985).
Recently, Houston and Jusczyk (2000) found that 7.5-month-olds
could recognize words across some but not all talkers, suggesting
that talker-specific information plays a role in an immediate word
recognition task. However, it is possible that the biological mech-
anisms underlying language encoding allow indexical information
to decay from memory, leaving only linguistically relevant infor-
mation. If this is the case, 7.5-month-olds may be better able to
generalize words across different talkers when a 1-day delay is
imposed between familiarization and test phases.

The traditional-biological view contrasts with views that as-
sume that both mature and developing lexicons are exemplar-
based systems (e.g., Goldinger, 1996, 1998; K. Johnson, 1997;
Jusczyk, 1993, 1997). Recent findings by Goldinger (1996) have
shown that up to 1 week after initial exposure, talker-specific
information still facilitates adults’ word identification in noise,
suggesting that talker-specific information persists in long-term
memory. According to the exemplar view, talker-specific informa-
tion is encoded into word representations and is just as likely as
linguistically relevant information to persist in long-term memory.
The exemplar view predicts that infants familiarized with words on
one day may recognize them when they are produced by a novel
talker on the next day only if the instances of the words are

2 Orientation times tend to decrease across blocks as infants grow less
interested in a task. However, decrease in orientation times typically does
not interact with the word familiarity effect (e.g., Jusczyk & Aslin, 1995;
Jusczyk, Houston, & Newsome, 1999). To verify that the decrease in
orientation times across test block did not interact with other variables in
the present experiments, an analysis of variance (ANOVA) was performed,
combining the orientation time data over all three experiments. In this
analysis, the orientation times to the familiar and control passages were
calculated for each test block separately. As found in previous studies
(Jusczyk & Aslin, 1995; Jusczyk, Houston, & Newsome, 1999), there was
a main effect of test block across experiments, F(3, 300) = 63.06, p < .01,
but no significant Test Block X Experiment, F(9, 300) = 1.41, p > .18, or
Test Block X Word Familiarity, F(3, 300) < 1, interactions. Also, the Test
Block X Experiment X Word Familiarity interaction did not approach
significance, F(9, 300) < 1. These analyses confirm that although infants
tended to decrease their looking times over test blocks, this decrease in
looking times did not significantly interact with the magnitude of the
difference in orientation times to the familiar versus the control passages in
any of the experiments.
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sufficiently similar to those from the familiarization phase with
respect to both talker-specific and phonological properties.

To test whether talker-specific information is encoded in in-
fants’ representations of the sound patterns of words, we familiar-
ized 7.5-month-olds with words (cup and dog or bike and feet)
produced by one talker on the 1st day, and then we presented them
the next day with passages produced by a novel talker. If 7.5-
month-old infants” word representations are the same after a 1-day
delay as they are immediately after encoding words, then we
would expect the same pattern of findings as in Houston and
Jusczyk (2000). The infants should be able to recognize words
across relatively similar talkers but not across relatively dissimilar
talkers. If, after a 1-day delay, indexical properties decay from
memory, leaving more abstract word representations, then 7.5-
month-olds may demonstrate word recognition across both rela-
tively similar and relatively dissimilar talkers. However, it is
possible that talker-specific information plays an important role in
infants’ ability to access the sound patterns of words from long-
term memory. In that case, infants may not exhibit word recogni-
tion across different talkers after a 1-day delay, even if the talkers
are relatively similar.

In this experiment, we tested 7.5-month-olds’ word recognition
across two relatively similar female talkers over a 1-day delay. The
stimuli were identical to those used in Experiment 1 of Houston
and Jusczyk (2000), who found that 7.5-month-olds were able to
generalize across the productions of words by the same two female
talkers. If 7.5-month-olds demonstrated word recognition in this
case, it would support both the possibility that infants’ word
representations are the same after a 1-day delay and the possibility
that their word representations become more abstract. By contrast,
a null finding would be consistent with the possibility that infant
word recognition depends more on talker-specific properties after
a 1-day delay than it does with immediate testing.

Method

Subjects.  Twenty-four American 7.5-month-olds (10 female, 14 male)
from monolingual English-speaking families were tested. The infants had
a mean age of 32 weeks, 6 days (range = 31 weeks, 1 day to 35 weeks, 1
day; SD = 7 days). Two additional infants were tested but not included
because of failure to complete the full set of test trials due to crying (1) and
experimenter error (1). All infants were recruited from families living in
the greater Buffalo, New York, area.

Stimuli.  The stimuli consisted of isolated words and passages produced
by two different female talkers. The stimuli from Experiment 1, produced
by Talker 1, were reused for the present experiment. In addition, a new
female talker (Talker 2) recorded the same isolated words (cup, dog, feet,
and bike) and passages. The same recording conditions and instructions
were used for both talkers. For 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; SD = 0.52 s). 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;

SD = 0.24 s).
Apparatus. This was the same as in Experiment 1.
Procedure. As in Experiment 1, all infants were familiarized with

isolated words on one day and then tested with passages the following day.
Half of the infants were familiarized with pairs of words produced by
Talker 1 and tested on passages produced by Talker 2. The other half were
familiarized with pairs of words produced by Talker 2 and tested on
passages produced by Talker 1. The isolated words were presented until
infants accumulated 30 s of orientation time to each of the two words. For
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each familiarization talker, half of the infants were familiarized with cup
and dog, and half were familiarized with bike and feet. All infants were
tested on all four passages.

Results and Discussion

The average orientation times to the passages containing the
familiarized words and to the control passages were computed for
each infant. Infants’ mean orientation times were 8.67 s (SD =
3.20 s) to the familiar passages and 8.73 s (SD = 2.97 s) to the
control passages (see Figure 1). Only 13 of the 24 infants oriented
longer to the familiarized word passages than to the control pas-
sages. The difference of the means did not approach statistical
significance, t(23) < 1 (95% Cl: —1.06 < —0.06 < 0.94).

The results suggest that infants did not recognize the familiar-
ized words in the passages when these were produced by a novel
female talker. These findings stand in contrast to those of Houston
and Jusczyk (2000), who used the same stimuli but without 1-day
delay. The findings also contrast with the results of Experiment 1,
which also imposed a 1-day delay between the familiarization and
test phases but used productions from a single talker. To verify that
infants in Experiment 2a had behaved differently than those in
Experiment 1, we conducted an omnibus ANOVA on the data
from both experiments. There was a main effect of familiarity, F(1,
46) = 6.22, p < .02, indicating that the passages with the familiar
words had longer listening times overall, but the main effect of
experiment was not significant, F(1, 46) < 1. Most important, the
interaction of Familiarity X Experiment was significant, F(1,
46) = 5.82, p < .02, confirming that the infants in the two
experiments had responded differently to the test passages. Thus,
despite the fact that Experiment 2a combined conditions from two
other experiments in which 7.5-month-olds did display recognition
of familiarized words, there was no indication that the infants
recognized the familiarized words when these were produced by a
novel talker after a 1-day delay.

One possible interpretation of this pattern is that changing
talkers and imposing a 1-day delay between the familiarization and
the test phases increased the difficulty of the task. The 7.5-month-
olds might have recognized the sound patterns of words given
either one of these extra demands, but the combination of the two
exceeded their processing abilities at this point in development.
Following this line of reasoning, older infants with greater cogni-
tive skills and capacity may be able to recognize familiarized
words given both a 1-day delay and productions from different
talkers. Some support for this view comes from the results of
Houston and Jusczyk (2000). They found that 10.5-month-olds but
not 7.5-month-olds recognized familiarized words produced by
different talkers of the opposite sex. These findings suggest that
10.5-month-olds are more skilled at recognizing words across
different talkers than are 7.5-month-olds. Other investigations
have revealed that the word segmentation abilities of 10.5-month-
olds are more robust than those of 7.5-month-olds (Jusczyk,
Hohne, & Bauman, 1999; Jusczyk, Houston, & Newsome, 1999).
Hence, 10.5-month-olds will have more capacity to deal with
recognizing words across two female talkers and a 1-day delay at
the same time. In Experiment 2b, we tested 10.5-month-olds in
the same experiment and with the same materials used in Experi-
ment 2a.



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and i< not to be disseminated broadly.

INFANT MEMORY

Experiment 2b

Method

Subjects. Twenty-four American 10.5-month-olds (12 female, 12
male) from monolingual English-speaking families were tested. The infants
had not participated in either Experiment 1 or Experiment 2a. They had a
mean age of 46 weeks, 2 days (range = 44 weeks, 5 days to 49 weeks, 0
days; SD = 9 days). Nine additional infants were tested but not included
because of failure to complete the full set of test trials due to restlessness
and/or crying (4), failure to look for an average of at least 3 s to each
stimulus type (3), and experimenter error (2). All infants were recruited
from families living in the greater Baltimore, Maryland, area.®

Stimuli, apparatus, and procedure. These were the same as in Exper-
iment 2a.

Results and Discussion

The average orientation times to the passages containing the
familiarized words and to the control passages were computed for
each infant. Infants’ average orientation times were 7.11 s (SD =
3.25 s) to the familiar passages and 7.11 s (SD = 3.10 s) to the
control passages (see Figure 1). Fifteen of the 24 infants oriented
longer to the familiarized word passages than to the control pas-
sages. The means were nearly identical, providing no indication
that 10.5-month-olds recognized the familiarized words in the
passages, t(23) < 1 (95% CI: —0.63 < 0 < 0.64).

Like the 7.5-month-olds in Experiment 2a, 10.5-month-olds
showed no evidence of recognizing words from different talkers
when a 1-day delay was imposed between the familiarization and
the test phases. These findings are surprising under the assumption
that the problem for 7.5-month-olds in Experiment 2a was simply
the additive difficulty of recognizing words across different talkers
and over a 1-day delay. If that were true, then the greater word
segmentation abilities of 10.5-month-olds (Houston & Jusczyk,
2000; Jusczyk, Hohne, & Bauman, 1999; Jusczyk, Houston, &
Newsome, 1999) should have ensured a successful outcome in the
present experiment. Instead, it appears that infants’ word recogni-
tion skills become more dependent on talker-specific properties
after a 1-day delay.

How might talker-specific information affect infants’ long-term
memory for the sound patterns of words? One possibility is that
talker-specific information serves to facilitate the access of words
from long-term memory. In cases in which no delay occurs be-
tween familiarization and test phases, infants’ memory for the
familiarization words might still be active in short-term memory.
When presented immediately after familiarization, instances of the
same word produced by a novel talker can be compared to those
words in short-term memory. However, after a 1-day delay, in-
dexical information may serve to prime words that are no longer
active in short-term memory. Thus, sentences presented on the
following day may prime the familiarized words stored in long-
term memory when they have the same talker-specific information
(i.e., Experiment 1) but not when the talkers are different (i.e.,
Experiments 2a and 2b). This view is consistent with the view that
listeners form implicit representations of acoustic details, which
serve to access phonological information (Church & Schacter,
1994). We explored these possibilities in Experiment 3.
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Experiment 3

The findings from Experiments 2a and 2b suggest that infants’
access to word representations is more dependent on talker-
specific information after a 1-day delay than it is immediately after
infants have been presented with the words. The purpose of this
experiment was to further explore the role of talker-specific infor-
mation in infant word recognition after a delay. One possibility is
that if infants store talker-specific information in long-term mem-
ory, then priming them with talker-specific information might
improve their retrieval of familiarized words. In situations similar
to that of Experiment 1, talker-specific information may help
infants access words from long-term memory, provided that they
encode such information and maintain it over a 1-day delay. In
Experiment 3, we tested the possibility that infants maintain talker-
specific properties of words over a 1-day delay by presenting
7.5-month-olds,* with two words produced by a female talker on
one day and then passages on the next day—some produced by the
original talker and others produced by a novel female talker. If
infants” memory for talker-specific information persisted over a
1-day delay, then we should have observed differences in orien-
tation times between the passages produced by the two talkers.

As in the previous experiments, two of the passages contained
the familiarized words (one passage produced by the original
talker and one by the novel talker), and the other two passages
contained the unfamiliarized target words (one by the original
talker and one by the novel talker). This design allowed us to test
the possibility that talker-specific information plays an important
role in priming word representations. If talker-specific information
activates the memory of the sound patterns of words produced by
a particular talker, then the presence of the familiar talker during
the test phase may prime both of the familiarized words presented
the day before. This priming may enable infants to recognize the
familiarized words in both the passages produced by original talker
and those produced by the relatively similar novel talker.

Method

Subjects. Thirty-two American 7.5-month-olds (14 female, 18 male)
from monolingual English-speaking families were tested. The infants had
a mean age of 32 weeks, 1 day (range = 30 weeks, 2 days to 35 weeks, 5
days; SD = 8 days). All infants were recruited from families living in the
greater Baltimore, Maryland, area.

Stimuli and apparatus. These were the same as in Experiments 2a
and 2b.

Procedure. The familiarization phase was identical to that in the pre-
vious experiments: Infants were exposed to two words (cup and dog or bike
and feet) produced by one talker until they accumulated 30 s of orientation
time to each word. During the test phase, infants were presented with the
same four passages, with each passage occurring once in each of the four
randomized test blocks. One change in the present experiment was that two
passages were recorded by the female from the familiarization phase

3 Racial—ethnic data for the sample of the pool of participants in the Infant
Language Lab at Johns Hopkins University in Baltimore are as follows:
Asian = 0.5%, Black = 21.0%, White = 75.4%, and unknown = 3.1%.

4 This experiment was conducted with 7.5-month-olds rather than 10.5-
month-olds so that the results could be compared with the findings of the
previous two experiments. Only 7.5-month-olds were tested in Experi-
ment 1.
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(original talker) and the other two passages were recorded by another
female (novel talker). There were four passage types: one produced by the
original talker and containing the familiarized words (OF), one produced
by the novel talker and containing the familiarized words (NF), one control
passage produced by the original talker (OC), and one control passage
produced by the novel talker (NC). Half of the infants were familiarized
with cup and dog, and half were familiarized with bike and feet. Within
each of these groups, half were familiarized with the words by Talker 1 and
the other half were familiarized with the words by Talker 2. Table 2
delineates the eight conditions used to achieve counterbalancing of famil-
iarization words and talkers.

Results and Discussion

The average orientation times to the four passages were com-
puted for each infant. The orientation times were 10.14 s (SD =
3.45 s) to the OF passages, 8.17 s (SD = 2.82 s) to the NF
passages, 9.03 s (SD = 3.18 s) to the OC passages, and 6.97 s
(SD = 2.64) to the NC passages (see Figure 2). The orientation
times were subjected to a repeated-measures ANOVA with word
familiarity and talker familiarity as the two variables. There were
main effects of both word familiarity, F(1, 31) = 7.80, p < .009,
and talker familiarity, F(1, 31) = 21.63, p < .0001. There was no
interaction between the two factors (F < 1), suggesting that infants
were able to recognize the familiarized words both in passages
produced by the original talker and in the passages produced by the
novel talker. In order to more precisely determine whether infants
did demonstrate a significant familiarity effect in both talker
conditions independently, planned comparisons were used to as-
sess word familiarity for the original-talker condition and the
novel-talker condition separately. In agreement with the lack of a
Talker Familiarity X Word Familiarity interaction in the ANOVA,
the planned comparisons revealed that infants oriented signifi-
cantly longer to the familiarized word passages than to the control
passages in both the original-talker condition, F(1, 31) = 4.37,p <
.05 (95% CI: —0.05 < 1.11 < 2.26), and the novel-talker condi-
tion, F(1, 31) = 5.16, p < .04 (95% CI: 0.08 < 1.20 < 2.32).

The results, first of all, suggest that 7.5-month-olds” memory for
talker-specific speech information persists in long-term memory.
Infants orient longer to passages when they are presented in the
same voice as they were in the familiarization phase than when the

Table 2
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Figure 2. Displays of 7.5-month-olds’ mean orientation times (in sec-

onds) to test passages in Experiment 3. Passages were presented by both
the original female talker from the familiarization phase and a novel female
talker. There was a 1-day delay between the familiarization and test phases.
Error bars represent standard errors.

voice is different. Second, the findings suggest that indexical
information plays a role in accessing words from long-term mem-
ory. In contrast to Experiment 2, infants showed word recognition
across different talkers and over a 1-day delay, suggesting that the
presence of the voice from the familiarization phase primed in-
fants’ long-term memory for the familiarization words. Once the
familiarized words were primed, infants were able to recognize
them not only in the passages produced by the familiar talker but
also in the passages produced by another talker of the same sex.

General Discussion

The findings from the experiments reported here suggest that by
7.5 months of age, infants encode the sound patterns of words into
long-term memory. Experiment 1 revealed that 7.5-month-olds

Conditions Used to Counterbalance Familiarization Words and Talkers in Experiment 3

Isolated words

Words/passage type (test phase)

Condition (familiarization phase) OF NF oC NC
1 cup, dog cup DOG bike FEET
2 cup, dog dog CUP feet BIKE
3 CUP, DOG DOG cup FEET bike
4 CUP, DOG CUP dog BIKE feet
5 bike, feet bike FEET cup DOG
6 bike, feet feet BIKE dog CUP
7 BIKE, FEET BIKE feet CUP dog
8 BIKE, FEET FEET bike DOG cup
Note. Infants were familiarized with isolated words presented by either Talker 1 (lowercase letters) or Talker

2 (uppercase letters). Infants’ word recognition was tested by presenting four passage types: (a) passages
containing familiarized words produced by the original talker (OF), (b) passages containing familiarized words
produced by the novel talker (NF), (c) control passages produced by the original talker (OC), and (d) control

passages produced by the novel talker (NC).
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recognized words that they heard spoken by the original talker
from the previous day. However, Experiments 2a and 2b indicated
that infants did not display similar recognition of familiarized
words on the next day when these words were produced by a novel
talker of the same sex. These results contrast with those of Houston
and Jusczyk (2000), who found that 7.5-month-olds generalized
across productions of the same words by these talkers when no
delay intervened between familiarization and test phases. The
pattern of findings suggests that talker-specific information ap-
pears to be more important after a 1-day delay than it is immedi-
ately following familiarization. In Experiment 3, 7.5-month-olds
showed an overall preference for passages produced by the talker
heard during familiarization on the previous day. This finding
suggests that infants retain information about talker voice charac-
teristics in long-term memory, confirming the findings reported by
Jusczyk et al. (1993) for infants who had had 10 days of exposure
to a particular voice. Furthermore, unlike in Experiment 2, infants
demonstrated recognition of familiarized words in passages pro-
duced by an unfamiliar talker as well as in those produced by the
familiar talker. The pattern of findings suggest that hearing the
voice of the familiar talker during the test phase helped infants to
recall the familiarized words from memory even when these were
produced by an unfamiliar talker.

The present findings support the notion that linguistic and
nonlinguistic aspects of speech are integrally related. Investiga-
tions of adult speech perception suggest that talker variability
affects listeners on a range of tasks, such as phoneme identification
(Green, Tomiak, & Kuhl, 1997; Mullennix & Pisoni, 1990), serial
recall of words (Goldinger, Pisoni, & Logan, 1991; Martin, Mul-
lennix, Pisoni, & Summers, 1989), word recognition (Craik &
Kirsner, 1974; Palmeri et al., 1993), and word identification (Gold-
inger, 1996; Nygaard et al., 1994). Similarly, our results show that
talker-specific information does have a bearing on whether infants
are likely to recognize particular words after a 1-day delay. More-
over, the fact that infants in Experiment 3 listened longer to the
familiar voice that they had heard on the previous day than to a
novel voice indicates that they did retain information about talker
voice characteristics. Might infants encode any type of co-
occurring indexical information from their environment into their
word representations? Investigations manipulating visual or other
contexts between familiarization and test phases would be neces-
sary to answer this question. In one investigation, Sheffert and
Fowler (1995) presented adult listeners with videotapes of talkers
uttering single words. The investigators varied both visual and
auditory information and found that changes in talker voice had a
significant effect on word identification, whereas changes made to
visual properties, such as talker’s face, had only a very weak effect
on word identification. Listeners also appear to separate important
speech information from other auditory information. For example,
changes in amplitude between familiarization and test do not affect
perceptual identification of words (Sommers, Nygaard, & Pisoni,
1994).

Our findings fit with the view that infants encode indexical
information, such as talker voice characteristics, into their repre-
sentations of the sound patterns of words. Indeed, the findings are
consistent with the possibility that infants’ representations of
words are exemplar-based (Goldinger, 1996, 1998; Jusczyk, 1993,
1997). Nevertheless, a careful consideration of the present results
indicates that they do not provide definitive proof of the latter
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view, because the type of experimental paradigm used here does
not test whether infants show better recognition of an exact token
of a word heard during familiarization. Rather, infants showed a
greater ability to generalize to new tokens of a word produced by
the familiar talker than by an unfamiliar talker. In this sense, the
present findings establish that infants’ representations of the sound
patterns of words include some talker-specific information. How-
ever, such representations could be specific to a talker, yet general,
in the sense that they are not individual tokens per se, but still
summarize the average characteristics of a given word produced
by this particular talker. Thus, a true test of the exemplar-based
view requires evidence from a different kind of paradigm that
allows one to assess whether performance with the exact tokens
heard during familiarization exceeds that obtained with other to-
kens produced by the same talker. In the meantime, it is worth
noting that the present data are also compatible with the view that
listeners form implicit memory traces of indexical properties of
words, which are linked to implicit memory traces of the phono-
logical properties of words (Church & Schacter, 1994).

The present findings are also compatible with views that posit
that both phonological and indexical information are represented
by a common code. In one such view, Remez et al. (1997) have
proposed that listeners extract both types of information via a
common phonetic code that specifies allophonic variations of
specific utterances. Similarly, an ecological approach to speech
perception posits that dynamic articulatory properties afford ap-
prehension of both talker-specific and linguistically relevant infor-
mation (e.g., Best, 1994; Fowler, 1986). The present findings
suggest that infants encode talker-specific information but do not
address what form this information takes. Understanding what
information infants encode only goes so far in providing a descrip-
tion of infants’ representations of the sound patterns of words.
Assessing infants’ perception of articulatory and acoustic—
phonetic information will help to provide a more complete de-
scription of the ontology of infants’ word representations.

Another issue that merits discussion is the discovery that talker
changes are more disruptive to infants’ recognition of words after
a 1-day delay than with no delay (as in Houston & Jusczyk, 2000).
A similar finding has been reported by Hartshorn, Rovee-Collier,
and their colleagues for infants’ memory of visual displays (Hart-
shorn et al., 1998). In the standard testing paradigm used in many
of these authors’ investigations, infants are taught that they can
control the movements of a mobile by kicking their legs (2- to
6-month-olds) or the movements of toy trains by pushing levers
(6-month-olds and older). This training phase immediately follows
a baseline measure in which the infants’ kicks and lever pushes do
not affect the mobile or toy trains. During a long-term retention
test that occurs (depending on the experiment) days, weeks, or
longer after the baseline and training phases, the infants are rein-
troduced to the mobile or trains, and as in the baseline phase, their
behavior does not affect the mobile or toy trains. Infants evidence
long-term memory for the toys and training session if their re-
sponse rate (frequency of kicking or lever pushing) during the
long-term retention test is significantly greater than it was during
the baseline phase. One such line of investigation explored the
effects of changing contexts on infant memory over short and long
delay intervals. Changing the immediate contextual surroundings
(e.g., the rooms where training and testing were conducted) be-
tween training and test phases did not impair infants’ memory after
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short delay intervals, but it did affect their memory after long
intervals. This pattern of findings held for 3-, 9-, and 12-month-
olds (Hartshorn et al., 1998) but not for 6-month-olds (Borovsky &
Rovee-Collier, 1990; Shields & Rovee-Collier, 1992). Although
the speech studies and these visual memory studies are not entirely
analogous—the delays were longer in the visual memory investi-
gations, and changing talkers in the present investigations can only
loosely be conceived of as “context effects”—the similar patterns
may be revealing of the general role that contextual details play in
infants’ long-term retrieval of visual and speech information. Eval-
uating infants” memory for the sound patterns of words across
different delay intervals would help in assessing the extent to
which memory processes are similar across these two modalities.

How might talker-specific information facilitate infant word
recognition after a delay? First, consider what may happen during
immediate testing. As suggested earlier, when test passages im-
mediately follow familiarization with isolated words, information
about the sound patterns of the familiarized words may still be
active in short-term memory. Activation of word representations
may help infants to notice the match between these words and their
counterparts in the passages, even when the latter are produced by
a novel talker. However, as infants begin to encode traces of sound
patterns of the words as representations in long-term memory,
items that mismatch on many acoustic dimensions (e.g., talker-
specific information, speaking rate differences, coarticulatory in-
fluences from surrounding words) may be much less activated by
the speech of a novel talker producing those same words. Conse-
quently, a slight increase in activation afforded by a match in
talker-specific information from the familiar talker could spell the
difference in whether the familiarized word is recognized or not
after a delay.

Our findings suggest that when beginning to segment words,
infants may have difficulty recognizing a familiar word produced
by a novel talker. In this respect, such infants’ word recognition
abilities are not as robust as those of more mature users of the
language. However, Houston and Jusczyk (2000) noted some
improvement between 7.5 and 10.5 months in infants’ ability to
generalize immediately from one talker’s productions of words to
those of another talker of the opposite sex. Certainly, by the time
infants have begun to produce many words of their own, they do
not appear to have difficulties in recognizing familiar words pro-
duced by novel talkers. Is it possible that infants eventually learn
to encode only linguistically relevant information in their word
representations and discard indexical information such as talker-
specific properties? This seems unlikely in view of the fact that
adults appear to encode talker-specific information in their word
representations (Goldinger, 1996, 1998).

Assuming that infants do retain talker-specific information in
their representations of the sound patterns of words, what factors
influence their ability to generalize these representations to words
produced by novel talkers? Houston (1999) has begun to explore
this issue. He identified several factors that seem to promote
infants’ abilities to generalize to new talkers. One such factor has
to do with how the novel voice relates to previous ones with which
infants have had experience. In particular, infants are more apt to
generalize to a new talker whose voice falls within, rather than
outside, the perceptual space defined by the voices of familiar
talkers. An additional factor that may facilitate infants’ generali-
zation of words to new talkers is common reference. After all,
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many words that infants hear are used to pick out particular objects
in the real world. Even if infants encode talker-specific informa-
tion into their representations of words, different exemplars of the
same word will often be associated with objects that share a great
deal of visual similarity in the world. When exemplars that differ
chiefly in indexical rather than phonetic properties pick out visu-
ally similar objects, learners may be induced to give less atten-
tional weight to indexical properties when listening for meaningful
distinctions. Thus, as development proceeds, language users may
continue to encode indexical information but learn to focus their
attention on the phonetic properties most relevant for language,
allowing them to more easily recognize linguistic equivalence (K.
Johnson, 1997).

In conclusion, the present experiments indicate that infants
encode information about the sound patterns of words into long-
term memory, even after a relatively brief exposure period. In
addition, the representations of words that infants begin storing in
long-term memory appear to include indexical information, relat-
ing to talker-voice characteristics. The storage of such talker-
specific word representations does, at least initially, impair the
ability of infants to generalize their representations of words to
those produced by unfamiliar talkers.
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