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Whereas young children accept words that differ by only a single phoneme as equivalent labels for novel
objects, older children do not (J. F. Werker, C. J. Fennell, K. M. Corcoran, & C. L. Stager, 2002). In these exper-
iments, 106 children were exposed to a training regime that has previously been found to facilitate children’s
use of phonemic contrasts (E. D. Thiessen, 2007). The results indicate that the effect of this training is limited
to contexts that are highly similar to children’s initial experience with the phonemic contrast, suggesting that
early word-form representations are not composed of entirely abstract units such as phonemes or features.
Instead, these results are consistent with theories suggesting that children’s early word-form representations
retain contextual and perceptual features associated with children’s prior experience with words.

From early in life, children are able to remember
words; they recognize words after familiarization
(e.g., Jusczyk & Aslin, 1995) and look at the appro-
priate visual referent of spoken words (e.g., Fer-
nald, Pinto, Swingley, Weinberg, & McRoberts,
1998; Tincofff & Jusczyk, 1999). But speech presents
a representational challenge because of its variabil-
ity. The same word can be produced with different
rates, fundamental frequencies, amplitude, and for-
mant structure both within and across speakers.
Learners must represent words in a sufficiently
flexible manner that two different utterances of the
same word can be mapped to the same meaning.
But at the same time, representations must be con-
servative enough that learners can determine when
they are hearing a novel word (as when a child
who knows dog hears bog for the first time), as
opposed to a novel production of a familiar word.
This is likely to be especially challenging for infants
and young children, whose knowledge of the pho-
nological system of their native language is in a
state of flux (e.g., Werker & Tees, 1984).
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One approach to this representational problem
suggests that speech is mapped on to abstract,
invariant representations (e.g., Nearey, 1997). For
example, in traditional linguistic theory (e.g.,
Chomsky & Halle, 1968) representations of word
forms in the mental lexicon are constructed from
abstract, invariant phonological components such
as phonemes or features (e.g., Nearey, 2001; Prince
& Smolensky, 1997). These components are identi-
cal across different surface realizations: the same
features are activated by the [d] in dog and the [d]
in lad. According to this approach, listeners must
factor out the surface variability of speech to access
the abstract units that compose the word. There
have been several proposals as to how this might
be accomplished, including perceptual normaliza-
tion accounts (e.g., Shankweiler, Strange, & Verb-
rugge, 1977) and articulatory theories (e.g.,
Browman & Goldstein, 1986, 1992; Repp, 1982).
These proposals, and others, share the assumption
that surface variability, such as speaker-specific
indexical properties, is noise that must be discarded
before listeners can identify abstract, phonological
units of representation.

An alternative approach suggests that the surface
variability of speech is not discarded but instead
remains part of the long-term representation of
word forms from early in development (e.g., Wer-
ker & Curtin, 2005). This approach is consistent
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with demonstrations that listeners recognize recur-
ring words more easily when they are produced by
the same speaker, indicating that indexical informa-
tion is encoded in representations (e.g., Bradlow,
Nygaard, & Pisoni, 1999; Goldinger, 1996). One
way listeners might encode surface variability is to
store multiple exemplars of words rather than a
single abstract and canonical version (e.g., Golding-
er, 1998; Jusczyk, 1993). Such information may be
sufficient for word recognition alone, or it may be
incorporated in parallel with more abstract repre-
sentations (e.g., Hanson, 1977; Remez, Fellowes, &
Rubin, 1997). Even very young learners may have
access to both kinds of representations. Research
on categorical perception (e.g., Eimas, Siqueland,
Jusczyk, & Vigorito, 1971) and vowel change detec-
tion in the face of speaker differences (Kuhl, 1983)
suggest that infants can respond to acoustic differ-
ences that reflect linguistically relevant distinctions,
such as phonemic categories, in the face of surface
variability. At the same time, however, infants
appear to encode speaker-specific properties of their
experience with words (Houston & Jusczyk, 2003),
and respond to acoustic differences between exem-
plars of a single phonemic category (McMurray &
Aslin, 2005).

In the adult state, an abstract approach and
approaches that incorporate surface variability in
representations make similar predictions. For exam-
ple, connectionist models can learn, through expo-
sure to variable input, to respond to the same
phonemic distinctions as models relying on more
abstract representations (e.g., Vallabha, McClelland,
Pons, Werker, & Amano, 2007). However, these
two kinds of representational approaches lead to
very different predictions about the rate of learning
and generalization. In a theory where generaliza-
tion occurs automatically at the level of abstract
phonemes, a child who responds to [d]—as distin-
guished from [t]—has mapped the spoken realiza-
tion of those phonemes onto representations
abstracted from their acoustic idiosyncracies.
Because these representations are abstract, they
should generalize to a variety of novel acoustic
instances. A learner who responds to the contrast
followed by the vowel [i] should respond to the
contrast in the same way when it is followed by the
vowel [a]; even though the acoustic realization of
[d] is different in da than di, the underlying repre-
sentation is identical. Similarly, a contrast available
in syllable-initial position should be available in
syllable-medial or syllable-final position, insofar
as the contrast can be mapped onto identical
representations.

These kinds of abstract approaches predict
very rapid patterns of developmental acquisition.
Shvachkin (1948/1973)—working from an acoustic
framework—argued that once children master the
use of a particular phoneme, it should be available
in every context in which the native language
employs that phoneme. More recent theories have
made similar predictions. For example, Lindblom,
Diehl, Park, and Salvi (2008), whose work empha-
sizes a more articulatory approach, predict that
“once a target [place feature] has been learned in
one context, it can be immediately re-used in
other contexts.”” (bolding in original). This power-
ful generalization is one of the strengths of an
abstract representational system (e.g., Berent, Mar-
cus, Shimron, & Gafos, 2002), as it can potentially
explain the rapidity, and consistency across a vari-
ety of differing environments, with which children
acquire language (for discussion, see Lindblom,
Diehl, Park, & Salvi, in press). By contrast, a repre-
sentational system that encodes multiple aspects of
the surface variability of a contrast should lead to
less inclusive generalization in early learning.
Because the acoustic realization of a phonemic con-
trast is different across different word positions
and vocalic contexts, a contrast that is productive
in one setting may not be productive in all settings.
Instead, generalization on this kind of account
should be based, at least in part, upon the similarity
of the current instance to prior experience (e.g.,
McClelland & Elman, 1986). Further, the frequency
with which a learner experiences a contrast in a
particular context should be important; if the [d]-[t]
contrast is more common in word-initial position
than in word-final position (e.g., Zamuner, 2009), a
learner might initially respond to contrast more
successfully in word-initial position (e.g., Schafer &
Mareschal, 2001; Storkel, 2001).

Note, however, that theories proposing an
abstract representational system need not predict
invariant responses to every instance of a phoneme.
For example, in word recognition, different realiza-
tions of the phoneme may be more or less effective
in activating the phonemic representation, as is the
case when an ambiguous articulation is heard (e.g.,
Norris & McQueen, 2008). Similarly, in phonotactic
learning, a particular phoneme may occur in some
word positions or syllabic contexts, but not in oth-
ers (e.g., Hayes, 2004). More generally, it is well
known that distinctions at a perceptual level need
not correspond with distinctions at a phonological
level (e.g., Dietrich, Swingley, & Werker, 2007; Pal-
lier, Colome, & Sebastian-Galles, 2001; Stager &
Werker, 1997). Indeed, even in early childhood,



there is evidence that children’s sensitivity is
graded as a function of the tasks in which they are
tested. Children will use a distinction in a word-
recognition task—as when distinguishing between
familiar words like ball and doll (e.g., Fennell &
Werker, 2003; Swingley & Aslin, 2000)—that they
fail to use in the context of associating a novel label
with a novel object (Pater, Stager, & Werker, 2004).
These complexities make it particularly important
to explore generalization in the context of word-
object association. Simply because infants general-
ize in a perceptual task (e.g., Maye, Weiss, & Aslin,
2008) does not necessarily indicate that they will do
so when representing word forms. Conversely, the
fact that learners generalize conservatively when
learning phonotactic regularities (e.g., Prince &
Tesar, 2004) does not require that they will do so
when learning words.

To distinguish theories where generalization
occurs at the level of abstract phonemes, or context-
free features (e.g., Dinnsen, O’Connor, & Gierut,
2001; Nearey, 2001), from perceptually based
accounts (e.g., Houston & Jusczyk, 2003; Ryalls &
Pisoni, 1997; Singh, 2008), it is critical to assess the
course of learning in a task relevant to lexical
development. Learning should be rapid and highly
generalizable if children’s representations are
abstract, slower and more conservative for repre-
sentations that incorporate subphonemic and index-
ical information (cf. McClelland & Patterson, 2002).
One important component of word learning is the
ability to associate labels with objects, an ability
that can be assessed experimentally (e.g., Stager &
Werker, 1997). Such assessments indicate that
young children have difficulty differentiating
between novel labels that differ by only a single
phoneme (such as bih and dih), although they can
learn to do so successfully (Thiessen, 2007; Yoshida,
Fennell, Swingley, & Werker, 2009). In this series of
experiments, we will assess how widely children
generalize their learning about phonemic differ-
ences in a word-object association task.

Using the difference between words that differ
by a single phoneme (i.e., minimal pair words such
as bog and dog) in a word—-object association task is
difficult for children in the first half of their 2nd
year of life (e.g., Shvachkin, 1948/1973; Stager &
Werker, 1997). Upon learning a label for a novel
object (such as bin), children of around 14 months
of age accept a wide variety of minimal pairs of
that word (e.g., pin and din) as labels for the novel
object (Pater et al.,, 2004). This is not due to an
inability to hear the phonemic distinction. When
tested on the same contrasts with known words
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(such as ball and doll), children are responsive to
the identical contrast (e.g., Fennell & Werker, 2003;
Swingley & Aslin, 2002). Instead, children appear
to have difficulty using phonemic contrasts in the
context of associating novel labels with novel
objects. The ability to use phonemic contrasts to dif-
ferentiate novel labels improves with development.
By 17 months, children are beginning to behave
more like adults: After they have learned a label for
a novel object, they reject alternative labels that dif-
fer on one or more phonemes. At 14 and
17 months, the ability to do so is related to vocabu-
lary size; by 20 months, this is no longer the case,
perhaps because by this age virtually all children
have exceeded the threshold of vocabulary neces-
sary to succeed in the task (Werker et al., 2002).
The relation between vocabulary and perfor-
mance on the switch task posited by Werker et al.
(2002) suggests that linguistic experience influences
children’s use of phonemic contrasts in when learn-
ing words. This would explain why children with
larger vocabularies were more successful in the
task. Consistent with this hypothesis, computa-
tional modeling indicates that experience with
words may affect the way that children respond to
phonemic contrasts (Schafer & Mareschal, 2001),
and both 17- and 20-month-olds know far more
words than 14-month-olds (Fenson et al., 2002). In
particular, children in this age range know rela-
tively few minimal pair words (e.g., Caselli et al,,
1995; Charles-Luce & Luce, 1995). For example,
Swingley and Aslin (2007) found that, in a sample
of 18-month-old Dutch-learning children, over two
thirds of the words in children’s vocabularies had
no minimal pair neighbors. The majority of the
words with which children become familiar
between 14 and 20 months provide examples of
phonemes distributed in different lexical contexts:
[d] in doggy and daddy, [t] in teddy and tiger.
Thiessen (2007) demonstrated that exposure to
phonemes in different lexical contexts ([d] in daw-
bow and [t] in tawgoo) facilitates children’s use of
the phonemic contrast in a word-object association
task. This may be related to the phenomenon of
acquired distinctiveness: When two similar stimuli,
A and B, are paired with two highly discriminable
associates X and Y (forming compound stimuli AX
and BY), the distinction between A and B is height-
ened (e.g., Hall, 1991). Children’s familiarity with
an increasing number of words in the 2nd year of
life, very few of which are minimal pairs, may pro-
vide evidence that different phonemes are paired
with different lexical forms in the language and
facilitate use of the distinction between them
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(Thiessen, 2007). This would explain the observed
correlation between vocabulary size and use of
phonemes in word-object association tasks (Werker
et al., 2002); children with larger vocabularies have
more evidence about the distribution of phonemes
in their language. From the perspective of exem-
plar-based theories, these results can be explained
in terms of variability among exemplars facilitating
generalization (e.g., Hintzman, 1986; Rost & Mac-
Murray, 2009). From the perspective of theories
emphasizing more abstract representational sys-
tems, or parallel encoding of acoustic and abstract
information (e.g., Remez et al., 1997), success on the
task might indicate a shift to more abstract encod-
ing. For example, Werker and Curtin (2005) suggest
that while children’s representations contain rich
acoustic detail, children must weight the phonemic
aspects of these representations more heavily to
succeed in word-learning tasks relying on a single
phonemic distinction.

As such, while the results of Thiessen (2007) indi-
cated that exposure to phonemes in different lexical
contexts improves children’s abilities to use the con-
trast between phonemes, those experiments were
ambiguous with respect to whether children
learned about abstract, readily generalized contrasts
(i.e., phonemes or features). The current series of
experiments systematically assessed how widely
infants generalize a contrast (such as [d] vs. [t]) after
they have been exposed to stimuli that should facili-
tate their use of the contrast in a word-object associ-
ation task. If children encode speech abstractly,
generalization should be rapid and pervasive: Once
a child has identified the [d]-[t] contrast in one con-
text, it should be available in many (or even all)
contexts (e.g.,, Lindblom et al., 2008; Shvachkin,
1948/1973). By contrast, if children encode sub-
phonemic or indexical information, generalization
may be much more limited, especially early in learn-
ing (e.g., McClelland & Patterson, 2002). Children
should initially be most likely to use the [d]-[t] con-
trast in a context they have previously experienced,
and less likely to use it in contexts that differ from
the original context. Conversely, training in a differ-
ent context should allow children to succeed in con-
texts where they have previously failed, as is
demonstrated in Experiment 3.

Experiment 1

Fifteen-month-olds fail to respond to differences in
minimal pair labels in a word-object association
task (e.g., Pater et al., 2004; Shvachkin, 1948/1973).

Thiessen (2007) found that exposing children to
words in which phonemes occurred in clearly
distinct lexical contexts—as [d] and [t] in dawbow
and tawgoo—facilitates their use of the distinction
between minimal pairs. However, these results are
inconclusive with respect to the degree of specific-
ity or abstraction of children’s learning. Children
were tested with the syllables daw and taw after
exposure to the words dawbow and fawgoo. There-
fore, children could potentially have learned about
a feature contrast (voicing), a phonemic contrast
([d]-[t]), or a contrast in a specific syllabic context
(daw vs. taw). If children learned about voicing, this
knowledge should generalize to a wide variety of
contexts. By contrast, if infants learned about the
specific syllables, then their generalization should
be limited. Similarly, most prior experiments test-
ing children’s use of phonemic contrasts expose
participants to phonemes in only one particular
context, making it difficult to assess how generaliz-
able children’s representation of these contrasts
might be (e.g., Stager & Werker, 1997).

Our goal in this experiment was to assess how
widely children generalize the contrasts they use in
word-object association tasks. To do so, we
exposed children to the same training regime used
in Thiessen (2007): Children learned the names of
three objects. The labels of two of these objects pro-
vided evidence of phonemes ([d] and [t]) occurring
in distinct lexical contexts: dawbow and tawgoo. The
third object was labeled yad. After learning the
names of these three objects, infants were presented
with test trials in which the third object was paired
with its original label (yad), or a novel minimal pair
label (yat). Experience with dawbow and tawgoo
enables children to differentiate between daw and
taw test trials in this procedure (Thiessen, 2007). If
children have learned about a phonemic contrast,
or a featural contrast (voicing), this learning should
generalize to a novel word position (from [d]-[tlaw
to yaldl]-[t]). By contrast, if children’s learning is
more specific, and tied to the particular exemplars
with which children have prior experience, then
exposure to dawbow and tawgoo would not be as
informative with respect to yad as it is with respect
to daw, and children may fail to use the contrast
between [d] and [t] in word-final position.

Method

Participants

Participants were 16 toddlers (half female; 13
Caucasian, 2 Asian, and 1 African American)
between the ages of 14.5 and 15.5 months



(M = 14.77). To obtain data from these 16 infants, it
was necessary to test 24. The additional 8 partici-
pants were excluded for the following reasons:
fussing or crying (7), experimental error (1).
According to parental report, all children were free
of ear infection at the time of testing, and reported
no history of hearing problems. Children were
recruited from the Pittsburgh area via mailing. The
participants primarily came from middle- or upper-
middle-class socioeconomic status (SES) families.

Stimuli

Participants were exposed to three novel objects,
each paired with a unique label. The three objects
were identical to those used by Stager and Werker
(1997) and Thiessen (2007). Each object was ani-
mated and moved against a black background.
Each of the three labels was produced by the Soft-
Voice computer synthesizer, set to a female voice,
and a monotonic production with a fundamental
frequency of 220 Hz.

The first object was paired with the label yad
[jaed] or the label yat [jaet] (here and elsewhere,
brackets indicate IPA transcription). Each infant
heard only one of these labels—either yad or
yat—during the habituation phase. The second
object was paired with the label dawbow [dabo], and
the third object was paired with the label tawgoo
[tagu]. The labels dawbow and tawgoo were the iden-
tical synthesized recordings as those used in Thies-
sen (2007), and the labels yad and yat were
synthesized to have matching pitch, amplitude, and
vocal quality. Following Thiessen’s original experi-
ment, there was only a single token of each synthe-
sized label used during the habituation and test
phases. Each label was repeated for as long as the
object remained on screen, with pauses of 1.4 s
between repetitions.

Procedure

This experiment used a variant of the habitua-
tion procedure employed by Stager and Werker
(1997) procedure, and identical to that used in Thi-
essen (2007). Participants, seated on a parent’s lap
in a sound-attenuated room, controlled the dura-
tion of the presentation of the stimuli by the length
of their gaze at a central monitor. To eliminate bias,
parents wore headphones, and the experimenters
sat in an adjacent room, blind to the nature of the
stimulus being presented. The experimenter coded
the duration of the child’s looking time online,
using a Macintosh running the Habit program for
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OS X (Cohen, Atkison, & Chaput, 2004). After the
child reached the habituation criterion (looking
time less than 50% of the average of the first three
trials), six test trials were presented.

The child controlled the duration of stimulus
presentation, during both the habituation and test
phases, by gazing at a 32" video monitor 150 cm in
front of their seated position. The child’s attention
was attracted to the monitor by a colorful video of
Winnie the Pooh coupled with a recorded verbal
encouragement. Once the experimenter determined
the child’s attention was fixated on the monitor,
stimulus presentation was initiated. An object then
appeared on the screen and the speakers adjacent
to the monitor began to repeat the label associated
with that object. The stimulus presentation contin-
ued until the child looked away for more than
1.5 s, or until the child had gazed at the monitor for
20 s (the maximum time allowed per trial). The
video of Winnie the Pooh appeared at the end of
each trial to recapture the child’s attention.

The experiment began with two familiarization
trials, in which participants saw a nonsense object
paired with the word neem (a recording from a
trained female speaker). The familiarization trials
were used to help participants become accustomed
to the pairing of audio and visual stimuli. Once
these trials were finished, the habituation phase
began.

During the habituation trials, one of the three
novel objects appeared on screen, and was paired
with a unique label (Object 1 was always paired
with yad or yat; Object 2 was always paired with
dawbow, and Object 3 was always paired with taw-
g00). The objects were presented in blocks of three
trials, and the order of presentation was random
within those blocks. As in Thiessen (2007), each
participant was required to complete at least two
habituation blocks, or their data were excluded (all
participants reached this threshold). Each object
moved onscreen while the label was repeated with
pauses of 1.4 s between each repetition. The object
and the label were presented until the child looked
away from the monitor for 1.5 s, at which point the
attention-getting stimulus reappeared. Looking
times to each trial were calculated in real time, and
the habituation trials continued in random order
until the child met the habituation criterion: Aver-
age looking time for three consecutive trials that fell
below 50% of their looking time to the first three
habituation trials.

Once the child met the habituation criterion, the
six test trials began. In all test trials, the child saw
Object 1 on the monitor. There were two kinds of
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test trials: same and switch trials. In the same trials,
the children heard the syllable that they had previ-
ously heard paired with Object 1. For half of the
infants, this was yad; for the other half of the
infants, this was yat. In the switch trials, Object 1
was paired with a minimal pair of the label infants
had heard in the habituation phase. For infants
exposed to the object paired with yad, the switch
trial paired the object with the novel label yat. The
opposite was true for infants exposed to yat during
the habituation phase.

Same and switch trials alternated, and the nature
of the initial test trial was counterbalanced across
participants. As in the habituation trials, the object
stayed on the screen, and the label continued to
repeat, for as long as the participant continued to
look at the monitor.

Results and Discussion

On average, children habituated in 8.9 trials.
Although children habituated in fewer trials to yad
(M = 7.5) than to yat (M = 10.2) during the habitua-
tion phase, the difference was only marginally sig-
nificant, t(14) = 1.9, p = .08, Cohen’s d = 0.55. More
importantly, children’s preference for same versus
switch test trials did not differ as a function of
which item they heard during the habituation
phase, t(14) = 1.5, p = .15, Cohen’s d = 0.41. There-
fore, for all subsequent analyses, participants were
grouped together, regardless of which item they
heard during the habituation phase. During the
habituation phase, infants spent an average of
96.5 s (SD = 28.6) looking to the objects during the
habituation phase. Thus, on average infants accu-
mulated approximately 30 s of looking to the object
labeled yad/yat.

Our primary question was whether infants in the
test phase responded differentially to trials in
which the novel object was paired with its original
label (same trials), versus trials in which the object
was paired with a minimal pair of that label (switch
trials). As illustrated in Figure 1, children did not
respond differentially to same and switch trials. A
two-tailed t test (all ¢ tests reported are two-tailed)
indicated that the difference in looking times
between same and switch trials was not significant,
t(15) < 1, ns, Cohen’s d = 0.04.

These results contrast sharply with those of
Thiessen (2007). In that experiment, exposure to
dawbow and tawgoo lead children to respond differ-
entially to objects paired with daw versus taw.
Here, after exposure to dawbow and tawgoo,
children responded equivalently yad and yat. One
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Figure 1. Children’s looking time to same and switch trials after
exposure to Dawbow and Tawgoo.

Note. In Experiment 1, same and switch trials are yad versus yat;
in Experiment 2, they are dee versus tee. Error bars indicate
+ standard error.

possibility is that the sample size in this experi-
ment was too small to yield a significant result;
the sample size in Thiessen was 24 infants, com-
pared to only 16 in this experiment. A power anal-
ysis indicated that for an effect the size in the
Thiessen paper (approximated by a Cohen’s d of
.75, given the reported difference of 1.9 s between
groups and a standard deviation of 2.4 s), the
probability of identifying a significant result with
the current sample size of 16 is only 54%. A sam-
ple size of 30 would yield a greater than 80%
probability of finding an effect. Thus, in Experi-
ment 2 we utilized a larger sample size. Another
possibility is that children are unable to hear the
difference between [d] and [t] in word-final posi-
tion. However, the results of Experiment 3 (below)
indicate that children can respond to this contrast
in word-final position.

There is, though, a theoretical possibility consis-
tent with the lack of a significant difference found
in this experiment. What children learn from
experiencing speech sounds in distinct lexical con-
texts (as with the [d] and [t] sounds in dawbow
and tawgoo) does not lead, at least initially, to
generalizations about abstract units such as fea-
tures or phonemes. Instead, children may be
learning about more specific, contextually bound
units. That is, children’s learning may be limited
to situations that share a high degree of similarity
to their initial experience. For example, exposure
to dawbow and tawgoo may only facilitate use of
[d] and [t] in word-initial position, or even be
limited to a particular syllabic context. Whereas
children fail to use the [d]-[t] contrast in word-
final position, they may succeed if tested with
contexts in which the [d]-[t] contrast is realized



in a way that is more similar to its occurrence in
dawbow and tawgoo.

Experiment 2

Writing and phonemic systems use the same sym-
bols to indicate a phoneme in different word posi-
tions. However, the acoustic realization of
phonemes differs in as a function of context. For
example, the phoneme [t] is aspirated in tear, while
it is unaspirated in steer. The [t] in steer sounds,
when the preceding fricative is removed, much like
a [d] (e.g., Maye, Werker, & Gerken, 2002). Simi-
larly, phonemes are articulated quite differently in
word-initial position than in word-final position,
and these articulatory differences lead to differ-
ences in the acoustic realization of the phoneme
(Stevens, 1998). If children are representing speech
sounds in a nonabstract manner, the acoustic differ-
ences between word-initial and word-final position
may make it difficult for children to generalize
from information about a phonemic contrast across
word positions; experience with dawbow and tawgoo
may not be readily applicable to yad and yat.

However, testing generalization by presenting
phonemes in word-final position may be especially
challenging for young children. The ends of words
appear to be less salient than word-onset positions
for children (e.g., Clark, 1991), and word-initial
information may be especially salient given its role
in word recognition (e.g.,, Marslen-Wilson, 1987;
Rodd, 2004). Given children’s potential difficulty
with word-final position, asking children to gener-
alize from word-initial to word-final position may
be an overly conservative test of generalization. In
Experiment 2, we tested generalization from one
word-initial setting to a second word-initial setting,
in a different syllabic context. As in Experiment 1,
children were exposed to three novel object-label
pairings: objects labeled dawbow, tawgoo, and dee.
According to Thiessen (2007), experience with daw-
bow and tawgoo facilitates children’s use of the con-
trast between daw and taw. If children are learning
about a relatively abstract contrast, they should also
be facilitated in their use of the contrast between
dee and tee.

Method
Participants

Participants were 30 toddlers (half female; 26
Caucasian and 4 Asian) between the ages of 14.5
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and 15.5 months (M = 15.22). To obtain data from
these 30 children, it was necessary to test 37. The
additional 7 participants were excluded for the fol-
lowing reasons: fussing or crying (5), experimental
error (2). According to parental report, all children
were free of ear infection at the time of testing, and
reported no history of hearing problems. Children
were recruited from the Pittsburgh area via mail-
ing. The participants primarily came from middle-
or upper-middle-class SES families.

Stimuli

The computer-animated objects were identical to
those used in Experiment 1, as were the words daw-
bow and tawgoo. The only difference between the
stimuli used in Experiment 1, and the stimuli used
in this experiment, was that Object 1 was paired
with the labels dee [di] or tee [ti] (each infant heard
only one during the habituation phase). These
labels replaced yad and yat from Experiment 1, and
were synthesized using the same acoustic parame-
ters as the stimuli in that experiment. As in Experi-
ment 1, there was only a single repeated token of
each label.

Procedure

The procedure was identical to that of Experi-
ment 1. After the habituation phase, infants were
presented with same and switch trials. On same tri-
als, Object 1 was paired with the same label as it
was during the habituation phase. On switch trials,
it was paired with a minimal pair of that label.
Thus, for infants who heard dee during the habitua-
tion phase, the switch trial presented the word tee.

Results and Discussion

On average, children exposed to dee (in addition
to dawbow and tawgoo) habituated in 13.4 trials,
while children exposed to tee (in addition to dawbow
and tawgoo) habituated in 6.9 trials. This difference
was significant, #(28) =2.7, p<.05, Cohen’s
d = 1.02. Infants exposed to dee spent an average of
128.1 s (SD = 75.4) looking to the objects during the
habituation phase. Infants exposed to tee spent an
average of 79.4 s (SD = 35.4) looking to the objects
during the habituation phase. This difference was
also significant, #(28) =2.3, p<.05, Cohen’s
d = 0.83. It is unclear why children found one set of
habituation trials more interesting than the other. It
may be indicative of a preference for the speech
synthesizer’'s production of voiced items over
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voiceless items, or a difference in children’s famil-
iarity with these particular syllables in their natural
environment. However, any possible item prefer-
ence did not influence children’s performance on
the test items: There was no significant difference
in children’s preference for same versus switch
trials as a function of their exposure to dee or tee,
t(28) < 1, ns, Cohen’s d = 0.06.

Given that the differences in rate of habituation
suggested that children may have performed differ-
ently as a function of exposure, we analyzed the
group data separately, using a 2 (habituation: dee or
tee) x 2 (test trial: same vs. switch) analysis of vari-
ance (ANOVA). There was no main effect of habit-
uation, F(1, 28) <1, n.s., np2 = .01. Nor was there
any interaction between habituation and test item,
F(1,28) < 1,ns,m,” = .01

Most importantly, there was no difference in
children’s looking time to same or switch trials F(1,
28) <1, n.s., npz = .01. Figure 1 illustrates the aver-
age looking time to same and switch trials, aver-
aged across both groups of infants (habituated to
dee, or habituated to tee).

These results suggest that exposure to dawbow
and tawgoo had little, if any, effect on children’s use
of the [d] and [t] contrast in a novel syllabic con-
text. Whereas dawbow and tawgoo facilitated chil-
dren’s use of the contrast in the same (daw-taw)
syllabic context (Thiessen, 2007), children continued
to treat minimal pair words differentiated by the
contrast interchangeably, when the contrast was
embedded in a novel syllable. This indicates that
what children may not readily generalize at the
level of abstract phonemes, or context-free features.
Instead, children’s learning appears to be strongly
tied to specific, previously experienced, contexts.

Experiment 3

The results of Experiment 1 and 2, taken together,
suggest that children are not generalizing at the
level of abstract units such as phonemes or fea-
tures. Rather, their use of speech sounds to indicate
contrasts in meaning appears to be contextually
bound. If so, then it should be easiest to facilitate
children’s use of a phonemic contrast in a particular
context by providing them distributional evidence
about that phoneme in an identical context. To test
this hypothesis, children in Experiment 3 were
tested using the yad—yat pairing from Experiment 1.
However, children received distributional informa-
tion about the [d]-[t] contrast in word-final position
(the words boeyad vs. gooyat). This experience with

the contrast in word-final position should facilitate
its use in yad—yat, unlike the experience with the
phonemes in word-initial position in Experiment 1.

To increase the ecological validity of the compar-
ison between word-initial and word-final position,
Experiment 3 used natural speech, as opposed to
synthesized speech; this necessitated a replication
of the data from Experiment 1 with the new, natu-
ral stimuli. As such, there were three conditions in
this experiment.

Single Object

In this condition, children were habituated to a
single object, paired with the label yad. Following
the results of Stager and Werker (1997), children
should fail to respond differentially to same (yad)
and switch (yat) trials.

Word Initial

This condition replicates Experiment 1. In addi-
tion to yad, children were habituated to two objects
labeled dawbow and tawgoo, providing information
about the distribution of [d] and [t] in word-initial
condition. If the results of natural speech parallel
the results with synthesized speech, children
should also fail to respond differentially to same
and switch trials.

Word Final

In this condition, children were habituated to
objects labeled yad, boeyad [bojaed], and gooyat [gu-
jaet]. This condition provides evidence that the [d]-
[t] contrast occurs in different distributions in
word-final position, and thus should be the condi-
tion in which children are most successful at
responding differentially to the contrast in word-
final position.

Method
Participants

Participants were 60 toddlers (half female; 51
Caucasian, 4 Asian, 4 African American, and 1
Hispanic) between the ages of 15.0 and 16.5
months (M = 15.4). Twenty were assigned to the
single-object condition, 20 were assigned to
the word-initial condition, and 20 were assigned to
the word-final condition. To obtain data from these
60 participants, it was necessary to test 73. The
additional 13 infants were excluded for the follow-



ing reasons: fussing or crying (8), experimental
error (2), parental interference (2), and looking
times averaging < 2 s during test trials (1). Accord-
ing to parental report, all children were free of ear
infection at the time of testing, and reported no
history of hearing problems. Children were
recruited from the Pittsburgh area via mailing. The
participants primarily came from middle- or
upper-middle-class SES families.

Stimuli

The computer-animated objects were identical to
those used in Experiment 1. However, the audio
stimuli were recorded from utterances produced by
a female native speaker of English, and digitally
edited to match the amplitude of the stimuli used
in Experiments 1 and 2. The test items (yad and yat)
were produced by the same speaker. As in prior
experiments, only a single token of each label was
used during the habituation and test phases.

Procedure

All participants saw Object 1 paired with the
nonsense word yad. In the single-object condition,
this was the only word-object pairing to which chil-
dren were habituated. In the word-initial condition,
children saw two additional objects, labeled dawbow
and tawgoo. This replicates Experiment 1, providing
distributional information about the [d]-[t] contrast
in word-initial position.

The third condition was the word-final condi-
tion, in which children were provided with distri-
butional information about the [d]-[t] contrast in
word-final position. In this condition, children were
habituated to Object 1 paired with yad, and two
additional objects paired with boeyad and gooyat.

The habituation procedure used was identical to
that of Experiment 1 and 2. After habituation, all
infants were tested on same and switch trials, as in
Experiment 1. On same trials, Object 1 was paired
with the familiar label yad; on switch trials, it was
paired with the novel label yat.

Results and Discussion

Participants in the single-word condition habitu-
ated in fewer trials (M = 6.8) than participants in
either the word-initial (M = 10.2) or word-final con-
dition (M = 9.8). Similarly, participants in the sin-
gle-word condition spent less overall time looking
during the habituation phase (M =0583s,
SD = 28.5) than infants in either the word-initial
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Figure 2. Children’s looking time to same and switch trials in the
three conditions of Experiment 3.

Note. The difference between same and switch trials was
significant only in the word-final condition. Error bars indicate
+ standard error.

(M =1121s, SD =47.6) or word-final condition
(104.6, SD = 39.1). This is unsurprising, as partici-
pants in the word-initial and word-final conditions
were exposed to three word-object pairings during
the habituation phase, whereas participants in the
single-object condition were only exposed to one.
These results mimic those of Thiessen (2007), where
children habituated more quickly to a single object
than multiple objects.

As seen in Figure 2, participants in the single-
object condition responded equivalently to same
and switch trials, #(19) <1, ns, Cohen’s d = 0.01.
Children’s lack of differentiation between object
labels differing by only a single phoneme replicates
Stager and Werker’s (1997) original experiment,
and many other demonstrations that children at
this age have difficulty responding to single-pho-
neme differences in word-object association tasks
(e.g., Pater et al., 2004; Shvachkin, 1948/1973; Wer-
ker et al., 2002).

In the word-initial condition (in which infants
were exposed to dawbow and tawgoo, in addition to
yad), children also failed to respond differentially to
same and switch trials, #(19) <1, ns, Cohen’s
d = 0.14. Children’s looking times to same and
switch trials are illustrated in Figure 2; their failure
to respond differentially to the test trials replicates
Experiment 1.

Most importantly, as seen in Figure 2, children
in the word-final condition responded differentially
to same and switch trials. This difference was sig-
nificant, #(19) = 2.4, p < .05, Cohen’s d = 0.6. Unlike
experience with dawbow and tawgoo (the word-
initial condition), exposure to boeyad and gooyat
facilitated children’s response to the difference
between yad and yat.
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To more thoroughly explore the difference
between the word-initial and word-final condition,
we performed a 2 (condition) x 2 (test trial type)
ANOVA. There was no main effect of condition,
F(1,38) < 1, ns, n,” = .01. This suggests that looking
times were equivalent across the two conditions.
There was also no main effect of test item, F(I,
38) =12, p=.27, npz = .03. This lack of effect is not
surprising, as participants did not demonstrate a
consistent preference for items across conditions.
Most importantly, however, there was an interac-
tion between condition and item, F(1, 38) = 5.1,
p <.05, m,” =.12. This interaction indicates that
toddlers” preference in the word-final condition sig-
nificantly differs from their lack of preference in the
word-initial prediction. These results support the
hypothesis that children’s performance is better
when they receive distributional information in the
same context as the phonemes are presented in the
test trials.

The difference between the word-initial and
word-final conditions is informative about the nat-
ure of children’s early generalization of speech
sounds. In both conditions, children received distri-
butional evidence that the phonemes [d] and [t]
occur in different lexical forms; this kind of distri-
butional evidence has previously been found to
facilitate children’s use of phonemic contrasts
(Thiessen, 2007). However, only distributional
information in the same syllable and word position
facilitated children’s ability to use the contrast at
test. Children in the word-initial condition, who
received distributional information about the pho-
nemes in different syllables and word positions,
performed like children in the single-object condi-
tion who received no distributional information at
all. This suggests that children’s generalization is
limited, at least initially, to contexts that are highly
similar to their prior experience.

One potential confound needs to be addressed:
There is a possibility that children respond differ-
ently in the two conditions, not because of the con-
text of the distributional information they received
but because they receive different amounts of expo-
sure to the stimuli. Morgan, Duran, and Layton
(2005) have suggested that the ability to dishabitu-
ate in experiments of this type is mediated by
amount of exposure; when children are overex-
posed to a particular sound, they become less sensi-
tive to it. Alternatively, children may have received
less exposure to the yad-object in the word-initial
condition and thus not learned the pairings
between sound and object. To assess these possibili-
ties, we performed a two-tailed t test comparing

length of exposure during the habituation phase for
children in the word-initial condition (M = 112.1 s,
SD = 47.6) and children in the word-final condition
(104.6, SD = 39.1). There was no significant differ-
ence, 1(38) <1, ns, Cohen’s d = 0.17. This suggests
that length of exposure does not explain why chil-
dren differentiate between same and switch trials
in the word-final condition, and fail to do so in the
word-initial condition. Instead, this analysis rein-
forces the hypothesis that the critical difference in
these conditions relates to the similarity between
the distributional information children receive dur-
ing testing and the context in which phonemic dis-
tinctions occur during test trials.

As such, these results are inconsistent with
accounts in which children’s early representations
of speech are organized in such a way as to allow
automatic generalization at the level of abstract
phonemes. If phonemic representations were
entirely abstract (e.g., bundles of features), chil-
dren’s use of those phonemes should generalize
widely (e.g., Berent et al, 2002; Lindblom et al,
2008; Shvachkin, 1948/1973). Instead, the current
results suggest that children are storing some
amount of contextual (i.e., not abstracted) detail
about their prior experience with phonemes. This
detail may be related to word position, syllabic con-
text, or some other acoustic aspect of the specific
realization of the previously experienced phoneme.
These details persist and lead to performance that
is better when the context matches training than
when it does not. While the precise nature of chil-
dren’s representation is still ambiguous (see the
General Discussion), the fact that children perform
better in the word-final condition than in the word-
initial condition indicates that children’s represen-
tations of early word forms are rich with contextual
detail.

General Discussion

To master their native language, children must
learn which sound contrasts indicate a difference in
meaning and which do not. While children make
remarkable progress in that regard during their 1st
year of life (e.g.,, Werker & Tees, 1984), they still
have some difficulty using these distinctions in a
word-object association task into the 2nd year (e.g.,
Stager & Werker, 1997). By 17 months, children are
more successful at making use of at least some of
these single phoneme differences (Werker et al,,
2002), although they may not be proficient with
every contrast present in their native language until



later (Shvachkin, 1948/1973). While a number of
explanations have been proposed for this develop-
mental difference—including increases in capacity
(Stager & Werker, 1997) and understanding of ref-
erential intent (e.g., Fennell, 2008)—the current
results provide support for accounts suggesting
that older children are successful because they have
more information about the distribution of pho-
nemes in their native language (e.g., Thiessen,
2007).

Children’s vocabularies grow dramatically dur-
ing the 2nd year of life (e.g., Fenson et al., 2002).
During this time, most of the words children learn
provide evidence of phonemes occurring in differ-
ent lexical contexts (like /b/ and [d] in baby and dia-
per). Young children know comparatively few
words in which two different phonemes occur in
identical contexts (minimal pair words like ball and
doll), far fewer, both absolutely and as a relative
proportion of their vocabulary, than adults (e.g.,
Coady & Aslin, 2003). As demonstrated by Experi-
ment 3, and also by Thiessen (2007), experiencing
phonemes in different lexical contexts helps
children to use the phonemic distinction in
word-object association tasks. Further, children
with larger vocabularies, and thus more evidence
that phonemes are distributed in different words,
are more successful using phonemic distinctions in
word-object association tasks (Werker et al., 2002).
These results converge to suggest that vocabulary
growth plays an important role in children’s use of
phonemic contrasts by providing children with
distributional information.

The current results are novel in that they indicate
that children’s generalization of the distributional
information they receive is somewhat limited. Chil-
dren are more likely to take advantage of distribu-
tional information about a phonemic contrast when
that contrast is tested in the same context as the ori-
ginal distributional information. While these results
do not rule out the possibility that some aspects of
children’s representation of word forms are abstract
(e.g., featural), they indicate that children must be
storing some contextual detail about their prior
experience with phonemes. This is inconsistent
with theories that argue that representation of
speech is primarily or completely abstract. For
example, most featural theories of representation
argue that phonemes can be reduced to bundles of
abstract features that are invariant across word
position or syllabic context (e.g., Chomsky & Halle,
1968; Cole & Scott, 1974; Eulitz & Lahiri, 2004). It is
a common assumption that children’s representa-
tions of speech can be characterized by the same
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kinds of abstract representations (e.g., Dinnsen
et al.,, 2001). The context specificity of the current
results is inconsistent with abstract representations
like features or phonemes, although it may be the
case that abstract representations and contextual
acoustic detail are processed separately and in par-
allel (e.g., Hanson, 1977; Remez et al., 1997). One
possibility is that abstract representations, such as
phonemes, can incorporate contextual detail such
as the syllabic context in which the phoneme
occurred in ways that limit the generalizations
learners make about those phonemes in other con-
texts (e.g., Prince & Tesar, 2004).

Indeed, these results, and others like them (e.g.,
Houston & Jusczyk, 2003) are consistent with
accounts positing that representations of speech are
not composed of abstract, phonologically pure com-
ponents (e.g., Goldinger, 1996). While phonemes
and features are useful descriptively, the evidence
for the psychological reality of phonemes has been
criticized on a number of grounds (e.g., Lotto &
Holt, 2003). Many phenomena once thought to be
decisive evidence in favor of abstract representa-
tions, such as context effects, have now been dem-
onstrated to occur in the absence of phonemic
knowledge (e.g., Lotto, Kluender, & Holt, 1997;
Mann, 1986). Similarly, intraphonemic variation,
which should be discarded on abstract representa-
tional accounts, clearly plays a role in adult speech
perception (e.g., Volaitis & Miller, 1992). Although
both adults and infants appear to respond to pho-
nological categories in ways that are consistent with
abstract representations (e.g., Eimas et al., 1971), it
may be the case that nonabstract systems could
accomplish the same feats (Bybee & McClelland,
2005). For example, when infants generalize on the
basis of a feature such as voicing (e.g., Maye et al.,
2008), this generalization may be due to acoustic
similarities among voiced consonants, rather than a
commonality in the abstract featural representa-
tion + voicing. However, caution is due in inter-
preting the current results; evidence that children’s
representations are not completely abstract is not
logically sufficient to rule out some degree of
abstraction.

Some authors have suggested that the degree of
abstraction in children’s representation varies by the
task in which they are engaged, or their develop-
mental state (e.g., Shvachkin, 1948/1973). Child pho-
nologists have proposed a discontinuity between
the types of representations used in perceptual tasks
(such as speech discrimination) and the representa-
tions used for word learning and language more
broadly (e.g., Barton, 1980; Brown & Matthews,
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1997; Ferguson & Farwell, 1979). One possibility that
this raises is that children’s representations in the
current tasks looked relatively concrete because they
were not treating the task as truly linguistic, but
rather as a perceptual association task. On this kind
of account, had the training been embedded in a
more naturalistic setting, children may have
engaged a different set of representations and
generalized their phonemic usage more widely. By
contrast, Werker et al. (2002) have proposed that the
underlying representations used by infants in both
perceptual and linguistic tasks are identical. Due to
the fact that word-learning and perceptual tasks
typically differ in their difficulty (word-learning
tasks are more difficult because they require
forming an association between words and objects),
children show differing degrees of sensitivity to
phonemic variation in the two kinds of tasks. While
the current data do not differentiate between these
two accounts, other work indicates that lessening
the difficulty of word-learning tasks—whether by
using familiar objects (e.g., Fennell, 2006), or prefa-
miliarized labels (e.g., Swingley, 2007)—leads
infants to perform more successfully in word—object
association tasks. This pattern of results is more
consistent with theories positing a continuous repre-
sentational system than theories positing discontin-
uous representational systems.

This should not be taken as evidence that there
are no developmental differences in children’s rep-
resentations over time. A number of theorists have
argued that more abstract representations emerge
over time (e.g., Best, Tyler, Gooding, Orlando, &
Quann, 2009; Dietrich et al., 2007). Werker and
Curtin (2005), for example, have proposed that chil-
dren’s representational system encodes subphone-
mic and indexical information throughout the
course of development. As children gain more
experience with their native language, they come to
attend more to phonemic aspects of these represen-
tations than to more idiosyncratic factors. This may
explain why older children are more successful in
using phonemic detail in word-object association
tasks (e.g., Werker et al., 2002). The emergence of
less context-specific phonemic distinctions may
occur as a function of children’s experience with
these contrasts in more varied contexts (e.g., Rost &
MacMurray, 2009). In these experiments, children
failed to generalize a phonemic contrast after expe-
riencing it in a single vocalic or syllabic context.
However, generalization may be possible after
experiencing the contrast in multiple contexts, as
suggested by models of generalization in memory
(e.g., Hintzman, 1986). As a contrast is experienced

in multiple different contexts, the information that
is consistent—the contrast itself—is emphasized,
while the variable contextual information is less
supported in memory. The emergence of behavior
governed by (seemingly) abstract units from con-
textually detailed representations is consistent with
a variety of formal models.

However, before the predictions of such models
can be fully evaluated, it is critical to understand
the nature of the contextual detail encoded in chil-
dren’s representations. While the current results
demonstrate that children’s representations of
speech incorporate some kind of contextual detail
about their prior experience with phonemes, the
nature of that contextual information is still uncer-
tain. Two (potentially complementary) possibilities
have been suggested in prior theories of linguistic
development: context at a grain size above the
phoneme, such as syllables, and more granular
acoustic context, such as coarticulatory information.
The syllable is a universal feature of human linguis-
tic systems; additionally, syllables are both percep-
tually salient and relatively limited in number.
Infants appear to be sensitive to the presence and
identity of syllables in speech (e.g., Bertoncini,
Bijeljic-Babic, Jusczyk, Kennedy, & Mehler, 1988;
Jusczyk & Derrah, 1987). Because of these facts, a
number of theorists have argued that syllables may
play an important role in children’s early represen-
tations of speech (e.g., Mehler, Dupoux, & Segui,
1990). On these kinds of accounts, the syllable is an
undifferentiated unit, not composed of combinatori-
ally distinct subcomponents. This lack of subcom-
ponents (phonemes or features) renders a syllabic
account consistent with the current results. When
children are exposed to dawbow and tawgoo, they
are learning about the syllables daw and taw, not
the phonemes [d] and [t] or the features [—voice]
and [+voice]. Therefore, there is little reason to
expect generalization to syllable contrasts like
yad/yat or dee/tee. This syllable-level account is con-
sistent with theories of phonotactic learning in
which generalization is conditioned upon the syl-
labic context in which a particular phoneme has
been previously encountered (e.g., Prince & Tesar,
2004).

An alternative, although not mutually exclusive,
possibility is that different instances of particular
phonemes might be differentiated by fine-grained
acoustic differences in the realization of the pho-
neme itself. Both infants and adults are sensitive to
intraphonemic differences: differences in the articu-
lation of two exemplars of the same phonemic
category (e.g.,, McMurray & Aslin, 2005; Volaitis &



Miller, 1992). Representation of these intraphone-
mic differences is often assumed in exemplar
memory models of speech representation (e.g.,
Goldinger, 1998). Similarly, the WRAPSA model of
speech perception (Jusczyk, 1993, 1997) proposes
that the developmentally earliest form of represen-
tation is a spectral and temporal code derived
immediately from the acoustic signal itself. The fact
that infants recognize words more easily after a
delay when they are spoken by the same speaker
than when they are produced by a novel speaker
(Houston & Jusczyk, 2003; Singh, 2008) is consistent
with approaches emphasizing a fine-grained acous-
tic basis of representation, because it indicates that
infants’ representation of the word forms preserves
idiosyncratic acoustic indexical information such as
rate of speech. If young children are representing
intraphonemic acoustic details, generalization
should also be more limited than is the case with
an abstract phonological system. This is because
different speech sounds are realized quite differ-
ently in different contexts, due to coarticulatory
processes. The realization of [d] in yad is quite dif-
ferent than the realization in dawbow. By contrast,
the [d] in boeyad is nearly identical to the [d] in yad,
making distributional information from boeyad
much easier to apply to yad than distributional
information from dawbow.

Subsequent experimentation will be necessary to
assess the precise nature of the contextual detail
present in young children’s representations of word
forms. The current results demonstrate that chil-
dren fail to generalize to a segment that shares a
feature (like voicing) in a very different syllabic
position, or followed by a very different vowel. But
children might be successful if they were tested on
the same feature—in the same syllabic and vocalic
context—at a different place of articulation. For
example, children might successfully use the dis-
tinction between baw and paw after exposure to
dawbow and tawgoo (we thank an anonymous
reviewer for this suggestion). Alternatively, chil-
dren may generalize to a different syllable as long
as the vocalic context and syllabic position are the
same. That is, after exposure to dawbow and tawgoo,
children may use the distinction between dock and
talk. If children are representing intraphonemic
acoustic variation, they should be successful in this
training scenario (a variant of which we are cur-
rently running in our lab), since the phonemes [d]
and [t] are articulated in the same way in dawbow
and dock and tawgoo and talk, occurring in the same
syllabic position and vocalic context. By contrast, if
children are representing syllabically, they may fail
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in this training regime, since dock and talk are novel
syllables.

The current results do not distinguish between a
syllabic and coarticulatory account of the contextual
information stored in young children’s representa-
tions of early word forms (for a discussion, see
Jusczyk, 1993; Coady & Aslin, 2004). But on either
account, consistent with the current results, chil-
dren’s representations are not characterized solely
by abstract phonemic or featural components. This
leads to a different view of the developmental pro-
cesses between the age when children fail to use
phonemic differences in word-learning tasks
(Stager & Werker, 1997), and the age when they
succeed (Werker et al., 2002). If children are repre-
senting words using featural or phonemic represen-
tations, the change between failure and success is
somewhat mysterious, as children are already using
appropriate units. One way to resolve this dilemma
is to propose that children’s early representations
of speech are holistic and underspecified (e.g.,
Walley, 1993). For example, a word like dog might,
early in lexical development, be represented only
by the single feature +alveolar. However, recent
research on comprehension is largely inconsistent
with an underspecification account (although see
Kager, Van der Feest, Fikkert, Kerkhoff, and
Zamuner, 2007, for production data consistent with
underspecification). Young children are highly sen-
sitive to even slight mispronunciations of known
words (e.g., Swingley & Aslin, 2000, 2002, 2007),
and even some novel words (Mani & Plunkett,
2008).

Rather than underspecification, these results sug-
gest that young children’s early word learning may
fail to take advantage of phonemic differences due
to the richness of the input and children’s represen-
tations (cf. Werker & Curtin, 2005). There are a
multitude of acoustic differences to which children
are sensitive (e.g., Houston & Jusczyk, 2003;
McMurray & Aslin, 2005). Some of these acoustic
differences indicate differences in meaning, but
many do not. Children may need to receive infor-
mation from their linguistic environment about
which of these differences are informative in word-
learning tasks before they begin to use them pro-
ductively. For example, hearing examples of two
different phonemes distributed in different word
forms helps children subsequently use that phone-
mic contrast when using novel words (Thiessen,
2007). The current results are consistent with
accounts suggesting that children’s representations
are rich and multidimensional, insofar as they indi-
cate children’s representations are not entirely



1300 Thiessen and Yee

abstracted but instead incorporate contextual detail.
To the extent that children’s representations incor-
porate variability, children may need to receive evi-
dence about which facets of that variability are
productive in particular tasks.

This kind of contextual sensitivity, coupled with
a learning account, leads to novel predictions about
the developmental time course of children’s use of
different phonemic contrasts. Abstract representa-
tional accounts assert that the development in chil-
dren’s use of phonemic contrasts should be sudden
(e.g., Lindblom et al., 2008; Nazzi & Bertoncini,
2003); once a child has learned to use a featural
contrast (e.g., voicing) in one situation, that contrast
can be widely used. By contrast, the current results
indicate limited generalization and predict a more
graded development in children’s use of phonemic
contrasts in word learning. More common contrasts
should begin to be used earlier than less common
contrasts. Similarly, a sound that occurs dispropor-
tionately often in word-initial position should be
productive in that position earlier than it is produc-
tive in other word positions (cf. Schafer & Mares-
chal, 2001). While there is currently little data to
assess these predictions (although see Shvachkin,
1948/1973; Thiessen & Yee, 2008), the current
results provide an empirical demonstration that
children’s use of a phonemic contrast in one context
does not immediately generalize to other contexts.

Note, however, that the present findings indicat-
ing conservative generalization do not mean that
young learners are incapable of generalizing their
experience with speech sounds. In particular, prior
research suggests that variability in the input facili-
tates generalization (e.g., Gomez, 2002; Lively,
Logan, & Pisoni, 1993). Maye et al. (2008) found
that infants who learned to discriminate a featural
contrast were able to generalize that learning to a
novel contrast varying on the same feature; in that
experiment, infants were exposed to multiple ex-
emplars of the featural contrast. Participants in
these experiments received only a single exemplar
of each to-be-learned label. Young children may
well be able to generalize in word-object associa-
tion tasks if they receive training that more robustly
supports generalization beyond specific contexts,
such as experiencing a phonemic contrast (e.g., [d]-
[t]) in multiple syllabic contexts. This would be con-
sistent with both prior work (e.g., Maye et al., 2002;
Rost & MacMurray, 2009) and the current experi-
ments, indicating that infants are sensitive to the
distribution of acoustic details in the input and that
this distribution plays an important role in the
development of children’s linguistic abilities.
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