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ABSTRACT

Maye, Werker, and Gerken [1] have recently
shown that distributional learning may allow
tuning of phonetic categories during the first
year of life. This paper explores the power and
potential limits of such a learning mechanism.
Burns, Werker & McVie [2] showed the pattern
of age-related change in consonant perception to
be different for bilingual (French/English) than
monolingual infants, with bilingual infants
ultimately retaining sensitivity to the voicing
distinctions from both of their native languages.
The potential role of distributional learning in
accounting for this difference will be discussed.
But can distributional learning account for
phonological and lexical acquisition? The final
portion of this paper reviews recent research
addressing this question.    

1.  INTRODUCTION

By their first birthday, infants are exquisitely
sensitive to just those sound differences that are
important in the language they are learning. In
contrast to the rather broad-based phonetic
discrimination shown by infants in the first half year
of life, by 10-12 months of age infants show selective
discrimination of only those minimally different
consonants that are used contrastively in their native
language. We first showed this by testing English and
Hindi adults, as well as English- and Hindi-learning
infants on their ability to discriminate syllables
differing in the Hindi retroflex vs. dental “d” sounds,
the Hindi voiceless aspirated vs. breathy voiced (two
differences that are contrastive in Hindi) syllables
and the Interior Salish glottalized velar vs. uvular
/k’i/-/q’i/ syllables. Although English-learning infants
of 6-8 months as well as L1 (Hindi or Nthlakampx)
adults and older infants could discriminate these non-
English distinctions, English adults and English-
learning infants of 10-12 months failed [3].
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e recently, Burns, McVie, and I [2] have
mented the pattern of change in perception of
oicing distinction in infants growing up in a
ch, English, or bilingual French-English
ronment. Infants were tested on their ability to
riminate the French [b] vs. [p] and the English [p]
ph ] distinctions. We found that by the end of the
 year of life, English and French monolingual
nts discriminate their native voicing boundary
r than the non-native boundary, whereas
gual learning infants of 10-12 months of age
 to show evidence of discriminating neither. By
7 months, however, the bilingual infants follow
patterns: approximately half of them behave as
r monolingual English or monolingual French

nts, and the other half show sensitivity to both the
ch and the English boundaries. Similar findings
 been reported with Spanish-Catalan learning

nts’ perception of Catalan vowels. In this case,
panish-Catalan bilingual infants of 4-months
 sensitivity to both the Spanish and Catalan

els, but go through a period at around 8-months
ng which they fail to discriminate Catalan
els, only to have evidence of discrimination
pear toward the end of the first year of life [4].

e years following the initial work, our research
sed on identifying the underlying mechanism
leads to changes in cross language speech
eption. An early hypothesis was that knowledge
ords might be the mechanism that allows infants
gure out what information to attend to and what
nore. The reasoning was that in learning how to
 sound on to meaning, a child would need to
re out which differences in pronunciation are
rial, and which are just accidental.

2.  TESTING WORD LEARNING

ddress the question of whether it is the
lishment of phonemic categories that leads
e change in speech perception in infancy, we
loped a procedure for testing associative

d learning in infancy [5]. In this procedure,



infants are familiarized to two word-object
pairings, and then tested on their ability to detect
a switch in the pairing. For example, they are
familiarized to Word A with moving Object a,
and Word B with moving Object b, and then
tested on a Same Trial (Aa or Bb) and a Switch
Trial (Ab or Ba). By 14 months - but not at 8, 10,
or 12 months - infants can learn the association
between two words and two moving objects
when the words used are phonetically dissimilar
(e.g., ‘lif’ and ‘neem’).

In a follow-up series of studies, Stager and
Werker [6] found that although infants of
14months can learn to map phonetically
dissimilar words on to two different objects, they
fail to map phonetically similar words such as
“bih” and “dih” on to two different objects, even
though they can discriminate this b/d phonetic
difference in a simple discrimination task. Pater,
Stager, and Werker [7] replicated this finding
with well-formed words (“bin” vs. “din”) and a
place (“bin” vs. “pin”) as well as a place-plus-
voicing (“pin” vs. “din”) distinction. It is not
until they are 17months of age, or have a
particularly large vocabulary at 14 months that
infants can learn new words that differ in only a
single phonetic feature [8]. Of interest, infants of
14months can use the same bilabial vs. alveolar
distinction when performing an identical Switch
task with already known words such as “ball”
and “doll” [9, 10]. The fact that working
knowledge of this phonological opposition in a
well-known pair was not sufficient to allow use
of this same information in learning new words
was the final piece of data refuting our original
hypothesis.

3. STATISTICAL LEARNING

Having established that word learning is likely
the beneficiary of rather than the engine driving
the restructuring of phonetic categories, we went
back to the drawing board. In searching for a
mechanism that might lead to the restructuring of
phonetic categories prior to the acquisition of a
lexicon, we turned to the broader literature
showing that in addition to becoming sensitive to
the phonetic categories of the native language
during the first year of life, infants also become
sensitive to many other properties of the native
language such as phonotactics (the rules for
which sequences of sounds can occur together).
In learning about these properties, infants seem
to use statistical information in the input [11],
with the hypothesis being that they calculate
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stics about the frequency of letter-to-letter
sitions.  In an elegant series of studies,
ran and colleagues [12] showed that infants
xquisitely sensitive to statistical regularities
e input and are able to use statistical
rmation (in her case, transitional
abilities) to segment words from an ongoing
m of speech.

asked whether statistical regularities in the
t might similarly guide the restructuring of
etic categories. Certainly this hypothesis is

ntral tenet of Kuhl’s perceptual magnet
ry [13], and is entirely consistent with Best’s
eptual Assimilation Model [14] wherein the
t difficult non-native contrasts are those in
h the two non-native phones are thought to

ssimilated to an intermediate category in the
e language. It is also consistent with recent

k by Anderson and Morgan [15] showing
the influence of language-specific
rience is evident at an earlier age for non-
e phones for which there are highly frequent
mediate categories in the native language.
 until our recent work, no one had
irically examined whether or not differential
sure, in a laboratory setting, can change
etic perception.

aye, Werker, and Gerken [1] we
ipulated distributional information in the
t and measured its impact on phonetic
gories. We familiarized infants 6-8 months
e to 8 stimuli ranging from voiced
pirated to voiceless unaspirated stop.
ably because there was no aspiration, all
uli were identified by English adults as
plars of “d”. In earlier work, Pegg and

ker [16] had shown that infants of 6-8
ths of age can discriminate voiced from
eless unaspirated stops, whereas English-
ing infants of 10-12 months of age have

e difficulty. In the Maye, et. al. work we
d whether differential exposure would
ge this pattern in the younger infants.

 infants of 6-8 months of age were divided
 two groups. All infants were presented with
ast 4 exemplars of each stimulus along the
inuum. The bimodal input group of infants
d more instances (16) of exemplars 2 and 7,
esponding to a language in which both a
ed and a voiceless unaspirated category
ht exist in the input.



Figure 1: Number of instances presented during
the familiarization phase (ordinate) for each
stimulus along the continuum (abscissa).

The monomodal group of infants heard 16
instances of exemplars 4 and 5, corresponding to
a language like English where the variability in
the input in initial position words would likely
vary around a central set of values. Critically, all
infants heard the same number of exposure to
stimuli 1 and 8. Following only 2.4 minutes of
familiarization we tested infants on their ability
to discriminate the endpoints of the continuum,
using the logic that those infants who had
received bimodal input may have used that
distributional information to divide the
continuum into two categories whereas those
who had received only monomodal input should
treat the continuum all as one category. Our
predictions were upheld. Infants in the bimodal,
but not the monomodal group were able to
discriminate Stimuli 1 vs. 8 following
familiarization. This verifies that statistical
learning can indeed be used to set up native
language perceptual categories in the infancy
period.

A distributional learning account provides a
potential explanation for the pattern of results
seen with bilingual learning infants as well.
Specifically, it would predict that performance
on phonetic distinction would be based on the
relative distribution of those distinctions in the
input the child is receiving. A child in a balanced
bilingual environment in which both distinctions
(e.g. the French b -p and the English p- ph) are
used equally often in both languages, would
ultimately retain both distinctions, but might
need sufficient exposure to both to show this
sensitivity. However, if one language were more
common than the other in the input, or if one
contrast were more common in one language
than in the other, there may be a period in
development in which sensitivity to the contrast
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4. REMAINING QUESTIONS

 important questions are still unanswered. 1)
 is it that infants seem not to use their native
uage phonetic categories in the earliest
es of word learning even though the phonetic
gories are well-established? 2) What allows
 to be able to use their language-specific
etic categories a few months later to direct

d learning?

tempting to answer the first of these
tions, we suggest that the task of simply

ing words with objects in an arbitrary
ion is so computationally intensive for
ce word learners that the attentional
urces are not available to utilize the fine
etic detail in new words [6, 8,17]. Although

is still a hypothesis, it is supported by recent
arch. Swingley and Aslin [18] have shown
e to be evidence in on-line word recognition
s that the distinctive information in
imally different words is picked up at some
t in the processing stream. We have shown
infants of 14 months who are more
mplished word learners as indicated by

er vocabularies, are able to learn phonetically
lar words [8], and that infants of 14months
distinguish phonetically similar words that
 already know well when tested in the
tical Switch task [9]. For similar results with
tly older infants, see Bailey and Plunkett

. All of these results are consistent with the
thesis that it is a shortage of processing

urces that interferes with learning
etically similar words at 14 months.

xtension of the processing limitation
thesis suggests that once infants become

e accomplished word learners, they have the
tional resources available to utilize the
etic detail in new words in a word-object

ciative learning task [6, 16]. It may be,
ever, that more than just processing capacity
ributes to this success. We [6] and others
 19] have suggested that the achievement of a
rial vocabulary size may also be an essential
edient to rapidly learning the full phonetic
ification of new words. Others have
ested that it is neighborhood density [21].

ently, Suzanne Curtin and I have developed a
el that pulls these three hypotheses together
. In the PAUSE: mir model we suggest that



prior to a full referential insight, word learning is
very much an associative process whereby word
forms need to be linked with objects in what is,
for the infant, a computationally intensive task.
Given the processing load, mistakes might be
made in the details picked up in either the object
or the word [6]. Initially these word-object
pairings are stored as individual exemplars, with
little generalizability (explaining why infants in
Fennell & Werker, [9] can distinguish a bilabial
from an alveolar in a well-known word but not
use the same detail in a new word-object
pairing). These exemplars do, however, cluster in
multidimensional representational space with
other word-object pairings that are similar along
various dimensions (see Pater, Stager, & Werker,
[7] for an optimality theory analysis). With the
achievement of a sufficient number of pairings in
which the words cluster according to language-
specific phonetic properties, higher order
regularities emerge. We suggest that as these
higher order regularities are solidified, they come
to function as “phonemes”. Once in place, these
“phonemes” can begin to direct information
pick-up during word learning, and ease the
attentional load of detecting and using the
criterial detail when learning a new word-object
link.

5. CONCLUSION

In summary, a series of studies are reviewed
exploring the link between speech perception
and word learning. These studies demonstrate
that during the first year of life, infants’ phonetic
categories change to reflect the properties of the
ambient language. Statistical learning, via
sensitivity to distributional regularities in the
input, could be the mechanism that allows the
prelinguistic infant to establish language-specific
phonetic categories.  Initially, these categories
are not fully used in directing information pick-
up in word learning. However, as the infant
establishes a sufficiently large vocabulary,
higher order regularities emerge among the many
words with similar phonetic features in the
infant’s repertoire. This coalescence of
regularities then functions as a phoneme, helping
to direct attention to just that acoustic/phonetic
variation in new words that is essential for fully
integrating the words into a lexical-phonological
system.
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