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At the macrostructure level of language milestones, language acquisition follows a nearly identical
course whether children grow up with one or with two languages. However, at the microstructure
level, experimental research is revealing that the same proclivities and learning mechanisms that
support language acquisition unfold somewhat differently in bilingual versus monolingual environ-
ments. This paper synthesizes recent findings in the area of early bilingualism by focusing on the
question of how bilingual infants come to apply their phonetic sensitivities to word learning, as
they must to learn minimal pair words (e.g. ‘cat’ and ‘mat’). To this end, the paper reviews antece-
dent achievements by bilinguals throughout infancy and early childhood in the following areas:
language discrimination and separation, speech perception, phonetic and phonotactic development,
word recognition, word learning and aspects of conceptual development that underlie word learn-
ing. Special consideration is given to the role of language dominance, and to the unique challenges
to language acquisition posed by a bilingual environment.

Keywords: bilingualism; language development; infancy; speech perception; word learning;
effects of linguistic experience

1. INTRODUCTION

The ability to acquire language is one of the hallmarks
of our species, deeply embedded in our biology. Given
the enormous complexity of language, it is remarkable
how children acquire their native language so quickly
and seemingly without effort. Languages employ
units and patterns at several levels from speech
sounds to morphemes, words, clauses and sentences,
to describe the world and our thoughts, beliefs, feel-
ings and plans about it. To acquire their native
language children need to learn not only the individual
words of that language, but the regularities at every
level, including the knowledge of what information is
expressed and where. Bilingual language acquisition
presents the problem of acquiring two such interlock-
ing sets of regularities simultaneously. As seemingly
difficult as this challenge is, many of the world’s chil-
dren grow up learning two native languages at the
same time, with the same apparent ease that monolin-
guals show in acquiring a single language (Werker &
Byers-Heinlein 2008).

A reasonable question is whether the acquisition of
two linguistic systems means that bilingual infants
follow a different course of language acquisition
from monolinguals. Until very recently, the bulk of
the research addressing this question was either
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observational or correlational in nature. On the basis of
such studies, there was general agreement that bilingual
and monolingual children pass critical milestones in
language acquisition at approximately the same age
(Pearson & Fernandez 1994; De Houwer 1995; Oller
et al. 1997; Petitto ez al. 2001), and that same-aged bilin-
gual and monolingual children have relatively equal sized
vocabularies when the vocabularies of both languages is
taken into account (Pearson & Fernandez 1994; Pearson
etal. 1995; Petitto er al. 2001; Paradis & Nicoladis 2008).
Indeed, some reports of early comprehension have found
that bilinguals have larger overall vocabularies than
same-aged monolingual peers (De Houwer er al. 2008).
At a descriptive level, then, it appears that the develop-
mental sequence of bilingual language acquisition
conforms to that of monolingual acquisition.

Yet, an investigation of developmental milestones
cannot reveal the whole story of how monolingual
and bilingual acquisition compare. Cross-linguistic
studies of monolingual acquisition show that although
all children acquire the phonology, morphology, syntax
and semantics of their native language within the first
few years of life, the structural properties of the par-
ticular language they are learning can influence both
the age and the order in which different structures
are mastered. Thus, it is reasonable to consider how
exposure to two languages simultaneously could also
influence the microstructure of language acquisition
in bilingual children.

There is every reason to presuppose that identical
proclivities and learning mechanisms underlie both

This journal is © 2009 The Royal Society
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monolingual and bilingual acquisition, but that the
input differences activate these mechanisms in differ-
ent ways, both in terms of timing and degree. The
goal of our research, and of this review, is to under-
stand how these operate. Specifically, by studying
bilingual acquisition, we can shed light on which
aspects of acquisition remain constant and which
change—and in what ways—in response to input
from two different languages. As we hope will be illu-
minated in the following pages, this approach
ultimately furthers understanding of how strongly con-
served biases and general learning mechanisms work
together to enable language acquisition.

A full characterization of the microstructure of
bilingual acquisition is beyond the scope of this
paper, so here we focus on one topic that illustrates
how bilingual infants begin to integrate multiple
language systems: the application of phonetic sensi-
tivities to word learning and word recognition. This
is a particularly illustrative example because it requires
an examination of both phonetic development and
word learning, as well as their intersection. By investi-
gating early-acquired perceptual processes (phonetic
perception) and later-acquired conceptual processes
(word learning), it will give us a clear window into
bilingual language development throughout the
infancy period while retaining focus on one central
question. However, before describing how bilingual
infants use sound detail in word forms, we must dis-
cuss the necessary antecedent for successful bilingual
acquisition: the separation and discrimination of the
two languages.

2. LANGUAGE DISCRIMINATION

A prerequisite for successful bilingual acquisition is an
ability to discriminate the two languages that are being
acquired. An infant growing up bilingual must some-
how notice that the input is structured with respect
to two languages rather than just one language, and
must be able to segregate the input from each
language. It was once believed that bilingual-learning
infants confuse their two languages at the beginning
of life, and only gradually come to pull them apart
after beginning to establish a vocabulary in each
(Volterra & Taeschner 1978). The first large-scale
study to seriously challenge this view comes from the
work of Barbara Pearson. She showed that even in
the earliest stages of vocabulary acquisition, when
infants are only able to say 12 words or fewer, bilingual
infants can produce translation equivalents—words
with the same meaning in each of their languages
(Pearson er al. 1995). This finding showed that
young bilinguals do not avoid learning two words for
the same referent when those words are in different
languages, implying that the two languages are
pulled apart from the beginning (see also Vihman
1985, for similar evidence from a case study). Other
research has shown that as soon as they begin speak-
ing, young bilinguals wuse words appropriately
depending on the language spoken by their interlocu-
tor (Genesee et al. 1995, 1996). An ability to
modulate the use of two languages further suggests
an ability to distinguish them.

Phil. Trans. R. Soc. B (2009)

(a) Auditory language discrimination

There is evidence that even in the first months of life,
bilingual infants have perceptual abilities that allow
them to discriminate their two languages. The first
test of this came from a study with bilingual 4-
month-old Spanish—Catalan-learning infants (Bosch
& Sebastian-Gallés 2001). Infants were first familiar-
ized to sentences from one language or the other.
Following familiarization, they were tested in a head
turn preference procedure. In this task, a flashing
light draws the infants’ attention to one side of a test-
ing booth. Sentences from one of the languages are
played as long as the infant orients towards the light.
If infants can discriminate between the two languages,
they are expected to show a different reaction when
the familiarized language is played than when the
non-familiarized language is played. In this study,
Spanish—Catalan bilinguals showed the expected
‘novelty preference’ of looking longer during trials
when the non-familiarized language was played.
Indeed, their ability to discriminate the two languages
was similar to that shown by monolingual infants of
the same age. The strength of this finding lies in the
fact that Spanish and Catalan are rhythmically similar
languages. Past research with monolingual newborns
(Mehler er al. 1988; Nazzi et al. 1998), and 5-
month-olds (Nazzi et al. 2000) has shown that
discrimination of rhythmically similar languages is not
evident at birth, but instead develops over the first
few months of life in relation to language experience
(Nazzi & Ramus 2003). Thus, the discrimination of
Spanish and Catalan presents the most stringent test
of bilingual infants’ ability to distinguish their native
languages early in development.

Although in the head turn preference procedure
described above, monolinguals and bilinguals showed
similar performance, an alternative procedure for test-
ing language discrimination in bilingual infants has
suggested some differences in the microstructure of
how discrimination proceeds (Bosch & Sebastian-
Gallés 1997). In a study that relied on language recog-
nition, Bosch & Sebastian-Gallés assessed language
discrimination via infants’ latency to orient to the
native language versus their latency to orient to an
unfamiliar language. When presented with a flashing
light to one or the other side, accompanied by either
the native language or an unfamiliar language, mono-
lingual infants aged 4 months orient more rapidly to
the light when the native language is presented
(Bosch & Sebastian-Gallés 1997; Dehaene-Lambertz
& Houston 1998). However, bilingual 4-month-olds
show a very different pattern: they orient more rapidly
to an unfamiliar language than to a native language
(Bosch & Sebastian-Gallés 1997). A possible expla-
nation for this finding is that bilinguals first try to
ascertain which of their two native languages is being
spoken before orienting, thus delaying their orien-
tation time. Such a strategy might be related to
precocious inhibitory skills in infants growing up bilin-
gual (Kovacs & Mehler 2009). These results hint that
although monolinguals and bilinguals may have similar
capacities for language discrimination, the microstruc-
ture of how discrimination proceeds may be different
between the two groups.
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To investigate the roots of bilingual language dis-
crimination, we turned to newborns. Previous
research has suggested that experience with the
native language during the last months of pregnancy
can result in preference for that language (Moon
et al. 1993). We compared preference of English
versus Filipino in a unique group of newborn infants:
those who had received prenatal exposure to both
English and Filipino because their mothers had
spoken both languages throughout pregnancy. We
also tested newborns who had been prenatally exposed
to only English on their language preference. To assess
preference, newborns sucked on a pacifier attached to
a computer that registered their sucking strength and
frequency. Sentences, which were low-pass filtered to
reduce surface segmental cues while preserving rhyth-
mic information, were presented in alternating
minutes in either English or Filipino. While monolin-
guals sucked more to hear English sentences than
Filipino sentences, bilinguals showed no difference in
their sucking to sentences in the two languages
(Byers-Heinlein et al. submitted, in press). One
interpretation of these data is that learning leads to a
preference for familiarity, thus preparing the English-
exposed neonates to listen selectively to English and
the bilingual-exposed neonates to be similarly inter-
ested in both languages. However, an alternative
interpretation is that the bilingual neonates show no
preference because their listening experience has elimi-
nated their ability to discriminate the two languages.
To test discrimination, we habituated the infants to
sentences from one language (either English or
Filipino) until their sucking frequency declined. We
then switched the sounds to new sentences from the
same language (the control group) or new sentences
from the other language (the experimental group).
The control group showed no increase in sucking,
hence no evidence of discrimination. As expected
from previous work, English-only exposed newborns
increased their sucking when they heard sentences
from a new language, but importantly, neonates who
had heard both languages i utero also increased their
sucking. These results show that neonates who have
heard two rhythmically distinct languages throughout
gestation can discriminate their two languages from
birth, an essential foundation for the separation and
ultimate acquisition of their two languages.

Moreover, these results show that the same initial
proclivities (discrimination) and learning mechanisms
(preference) operate to prepare the monolingual
infant to attend preferentially to, and ultimately
acquire only a single language and the bilingual
infant to attend to two native languages, while none-
theless not confusing them. This illustrates how
comparing the microstructure of acquisition in
bilingual to that in monolingual infants can
illuminate our understanding of language acquisition
in general.

(b) Visual language discrimination

Although auditory cues might seem the most obvious
route for language discrimination, the multimodal
nature of language means that babies growing up

Phil. Trans. R. Soc. B (2009)

bilingual might have other cues available to help
them to tell their languages apart. Indeed, babies are
remarkably adept at using whatever information is
available in their world to learn its regularities.
In another recent set of studies, we compared mono-
lingual and bilingual infants on their ability to
discriminate two languages visually—that is by watch-
ing silent talking speakers, wherein the only cues to
language identity are in the movements of the face
(Weikum ez al. 2007). We habituated both English
monolingual and French—English bilingual infants to
video displays of three bilingual speakers reciting sen-
tences in one language, with the sound turned off so
that only visual information was available. Once
infants showed a decline in interest in these videos,
they were shown the same three speakers either recit-
ing new sentences in the original language, or new
sentences in the other language. Monolingual infants
were tested at 4, 6 and 8 months-of-age and bilingual
French—English infants were tested at 6 and 8 months.
At the two younger ages, the monolingual infants
were able to discriminate English and French just by
watching silent talking faces, but at 8 months-of-age
the monolingual infants no longer succeeded. In con-
trast, the bilingual infants successfully discriminated
English from French at both 6 and 8 months-of-age,
thereby continuing to discriminate the two languages
at an age when monolinguals failed.

As in so many other aspects of perceptual develop-
ment, infants seem to begin life with a broad sensitivity
to any distinctive perceptual detail, with the effect of
experience being one of maintaining sensitivity to
those features that are important in the native cultural
environment, and a concomitant decrease in sensitivity
to those that are not (Werker & Tees 1999;
Pascalis er al. 2002; Werker er al. 2009). In the case
of visual language discrimination, each group of
infants behaves optimally for their language-learning
situation. Maintenance of a sensitivity to cues in
talking faces that distinguish one language from
another provides yet another source of information
that could contribute to language separation for the
bilingual child.

3. NATIVE PHONETIC CATEGORIES: LEARNING
THE SOUNDS OF TWO NATIVE LANGUAGES
Sounds are the building blocks of words. To under-
stand word learning in the bilingual context, it is
pivotal to consider how infants develop the sound
systems of their languages. The smallest unit that
distinguishes meaning in a language is the phoneme.
The set of phonemes used to distinguish meaning
varies from language to language. For example English
uses /r/ and /1/ to distinguish words such as ‘rake’ and
‘lake’, whereas many languages including Japanese
do not. On the other hand, in Japanese the difference
between a long and a short vowel can signal difference
in meaning (e.g. ‘kado’ corner, ‘kaado’ card), whereas
in English it cannot. In addition to these differences in
phoneme inventories, the precise phonetic realization
of any particular phoneme varies from one language
to the next. A well-known example is that ‘p’ is different
in English than in French. In English it is aspirated
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with a puff of air at its release, whereas in French it is
not (see Caramazza & Yeni-Komshian 1974 for a more
in-depth discussion of these differences).

There are well-documented achievements in pho-
netic perception in the first year of life in infants
growing up monolingual. Very young monolingual
infants are able to discriminate many of the speech
sound distinctions used across the world’s languages,
including distinctions that are not used in the native
language. For example, at 6 to 8 months-of-age both
English-learning and Hindi-learning infants discrimi-
nate two ‘d’ sounds that are used contrastively in
Hindi but not in English, but by 10—12 months-of-
age English infants no longer discriminate this
distinction whereas Hindi-learning infants still do
(Werker & Tees 1984). Cross-language studies with
infants exposed to a single language show listening
experience with the native language serves to maintain
(Werker ez al. 1981; Werker & Tees 1984; Baker er al.
2006; Mattock & Burnham 2006), improve (Kuhl
et al. 2006; Narayan er al. in press) and realign
(Burns er al. 2007) discrimination of the phonetic
distinctions used in that language.

The pattern of phonetic learning in infants growing
up bilingual shows interesting differences and simi-
larities to monolingual phonetic development. Just
like monolinguals, bilinguals refine their native pho-
netic categories in the first year of life, going from
being universal listeners to narrowing-in on the
native contrasts. However, bilingual infants may have
an interval in development when they temporarily
collapse some native-language categories before
successfully pulling them apart again. While
Spanish—Catalan bilingual infants of 4- and 12-
months discriminate vowel distinctions that are used
only in Catalan, at 8 months they perform like mono-
lingual Spanish infants who do not hear these vowels
and fail (Bosch & Sebastian-Gallés 2003; Sebastian-
Gallés & Bosch in press). A similar pattern was
reported by Bosch & Sebastian-Gallés for a consonant
contrast between the fricative sounds, /s/ versus /z/,
that is distinguished in Catalan but not in Spanish
(Sebastian-Gallés et al. 2008). Here again there
seemed to be a temporary broadening of the phonetic
category in the bilingual infants to include two differ-
ent Catalan sounds as instances of a single phonetic
category. In this case, the decline in sensitivity to and
re-emergence of the contrast occurred later in develop-
ment than in the case of vowels, as is typically reported
for consonant perception. Spanish—Catalan infants of
4- and 16-months discriminated the contrast, but
failed at 12-months-of-age, the age at which monolin-
gual infants have settled on their native consonant
categories.

However, this temporary decline and re-emergence
is not seen across all contrasts. There are two pub-
lished reports in the literature which indicate that
bilingual infants establish native consonant categories
in each of their languages at the same age as do
monolingual infants. One study compared monolingual-
learning infants to bilingual French—English infants
on their ability to discriminate differences in both the
English and French /b/—/p/ distinction. This contrast
is of particular interest because although English and

Phil. Trans. R. Soc. B (2009)

French each have a distinction involving these two
phones, the boundary is quite different in the two
languages.’ By 12 months, monolingual infants dis-
criminate only the boundary used in their native
language (Burns er al. 2007). There are several ways
that bilingual infants might show a different pattern
of development. First, bilingual infants could have a
preference for one boundary over the other. Second,
they could experience a period of temporarily broad-
ening the category as seen in the Catalan—Spanish
bilingual studies, in which case they should fail to dis-
criminate either the French or the English distinction.
However, bilingual infants actually showed a third
unique pattern. At 10—12 months-of-age, bilingual
French—English infants discriminated both bound-
aries (Burns er al. 2007). Thus, for these consonants,
bilingual infants were ultimately able to make the
distinctions that were meaningful in each of their
languages.

But what happens if the highly similar consonants
are from two different languages that the bilingual
child is learning, rather than from within a single
language? The answer to this question comes from
recent work by Sundara ez al. (2008). They compared
monolingual French-learning and monolingual
English-learning infants to French—English bilingual
infants on their ability to discriminate the phonetic
difference between the [d] used in English (an alveolar
/d/) from the [d] used in French (a dental /d/). To dis-
criminate this distinction, infants had to compare a
consonant in one language to its realization in the
other language. By 10 months-of-age the French
monolingual-learning infants, who have only one /d/
in their input, had stopped discriminating this dist-
inction. However, the bilingual infants continued to
discriminate it. Perhaps the best explanation for
these findings is that bilingual infants not only track
statistics separately for each language, they also set
up acoustic—phonetic space in a language-specific
fashion. Why would the bilingual Spanish—Catalan
infants show a temporary inability to discriminate a
distinction used in one of their languages while the
French—English infants did not?

One explanation implicates the specific types of
phonetic contrasts that were tested in each population.
Studies to date have tested Spanish—Catalan bilinguals
on vowels and fricatives, and French—English bilin-
guals on stop consonants. Future studies that test the
same type of contrast in two different populations are
needed to pull apart the thus-far confounded effects
of the specific languages being learned, and the devel-
opmental pattern associated with the perception of a
given contrast.

A different type of explanation now favoured by
Sebastian-Gallés is that bilingual infants are able to
discriminate native contrasts throughout the first year
of life, but at certain ages some experimental para-
digms might be inappropriate for evidencing their
discrimination abilities (Sebastian-Gallés 2008).
Most paradigms for testing discrimination in infants
rely on habituation-switch designs, where infants are
expected to pay increased attention to a change in
stimulus. However, bilingual infants may be more
flexible in how they interpret phonetic differences.
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Although they may detect a change, it may not be
‘surprising’ or ‘unexpected’, as bilinguals typically
experience a more varied phonetic environment than
monolinguals. This would be particularly true if they
are hearing accented input in one of their languages.
This position has received support from a recently
published study that wused anticipatory looking
methods, which showed successful discrimination of
a phonetic contrast by bilingual Spanish—Catalan
infants at an age where habituation methods have
shown failure (Albareda-Castellot ez al. submitted).
Such a possibility implies that researchers should
take extra caution in interpreting the results of studies
that show differences between monolinguals and
bilinguals, as such differences could be artefacts of
an inappropriate methodology for the population in
question rather than true differences in competencies.

The available evidence reviewed above indicates
that around the end of the first year of life bilingual
infants discriminate many phonetic distinctions in
each of their native languages, and do so as well as
do monolingual infants. However, studies of phonetic
perception with bilingual adults suggest that the final
developmental picture of these abilities may be some-
what more complex. Some studies indicate that
bilingual adults have robust representations of their
phonetic categories, and show discrimination of the
phonetic boundaries in each of their languages
particularly if both languages were acquired simul-
taneously from birth (Pallier ez al. 1997, 2001;
Sundara & Polka 2008). However, if the languages
are not equally dominant, bilingual adults may show
different patterns of discrimination in their dominant
when compared with their non-dominant language
(Sebastian-Gallés er al. 2005; Sundara & Polka
2008). Some studies even suggest that bilingual
adults might have phonetic category characteristics
that are either intermediate to those of their two
languages, or that exaggerate the differences between
the two (Flege er al. 2003; Fowler er al. 2008). It
should be noted that most of the studies with adult
bilinguals differ from those with infants in that the
adults are typically sequential bilinguals, that is, they
learned a single native language, and then learned a
second language later in life. Problems with phonetic
discrimination seem to apply most often to the second
language (Bosch er al. 2000). Nevertheless, the possi-
bility exists that although bilingual infants have
phonetic systems that are quite separate in perception
at the end of the first year of life, phonetic categories
may shift once a lexicon begins to be established.

4. PHONOTACTIC DEVELOPMENT

In addition to differing in their phonemic inventories,
languages differ in how sounds may combine to form a
word. Phonotactics refers to the allowable phoneme
sequences in a language. In English, consonant clus-
ters are allowed, but there are strict limitations on
which consonants can come before others (e.g. ‘spl’
can occur, whereas ‘slp’ cannot), and in which pos-
ition in a word. For example, ‘tr’ is allowed at the
beginning of words but not at the end, whereas ‘rt’ is
allowed only in word-final position. As such,

Phil. Trans. R. Soc. B (2009)

phonotactic rules provide infants with strong cues to
word candidates and word boundaries, and thus
serve as an intermediate step between phonetic devel-
opment and word recognition. Languages differ in
their phonotactics, with some languages, such as
Japanese, favouring words that alternate between
single consonants and single vowels, and others such
as Czech allowing long sequences of consonants.
Considerable research indicates that by 9 months-
of-age, monolingual infants are sensitive to the
native-language phonotactics, and show a preference
for listening to lists of words that contain high-
frequency legal sequences over lists of words that
contain low frequency, or illegal phoneme sequences
(Friederici & Wessels 1993; Jusczyk er al. 1993).
Learning the phonotactics of two languages simul-
taneously requires not just noting differences, but
also calculating probabilities of co-occurrence in each
language.

To examine whether infants growing up bilingual
can learn the phonotactic regularities of their native
languages as early as do monolingual infants, Sebastian-
Gallés & Bosch (2002) tested 10-month-old Spanish
monolingual, Catalan monolingual and Spanish—
Catalan bilingual infants on their preference for legal
versus illegal Catalan sequences. The bilingual infants
were further divided into two groups: those who were
dominant in Spanish and those who were dominant in
Catalan, as measured by maternal language and the
amount that each language was spoken in the home.
At 10-months-of-age, the monolingual Catalan infants
showed a robust preference for legal over illegal Cata-
lan words, whereas the monolingual Spanish infants
showed no preference for either type of Catalan
words. The results from the bilingual infants were
more complex. The Catalan-dominant bilinguals per-
formed like the Catalan monolinguals, and showed an
equally robust preference for legal over illegal Catalan
words. The Spanish-dominant bilinguals did not show
a significant preference for legal Catalan words, but
their performance fell between that of Spanish mono-
linguals and the Catalan groups (monolinguals and
Catalan-dominant bilinguals), suggesting some sensi-
tivity to Catalan phonotactics. Thus both timing of
exposure and amount of exposure seem to contribute
to the learning of phonotactics.

5. WORD RECOGNITION

The refinement of phonetic categories and establish-
ment of phonotactic sensitivities help infants
recognize familiar words in continuous speech. From
as young as 7 months, monolingual English-learning
infants show a preference, by listening longer to
passages that contain familiarized words over passages
that do not contain them (Jusczyk & Aslin 1995;
Jusczyk 1997). Moreover, they are not foiled by simi-
lar-sounding mispronunciations (e.g. ‘tup’ instead of
‘cup’), suggesting that they have not only encoded
the words’ consonant onsets with full phonetic detalil,
but that they are able to use that detail to distinguish
one recently familiarized word form from another
(Jusczyk & Aslin 1995). When tested on their recog-
nition of words they have likely heard in everyday
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speech, rather than being specifically taught the words
in the laboratory, French-learning monolingual infants
succeed again, but at a later age (11 months). When
given a choice to listen to lists of frequent (e.g.
‘bonjour’, ‘voiture’, ‘lapin’), and hence likely familiar
words, versus lists of phonotactically similar infrequent
words, these infants listened longer to frequent words.
At this age, however, infants will also choose to listen
longer to a list of words that are minimal pair deviants
(e.g. ‘vonjour’, ‘boiture’, ‘napin’) over a list of infre-
quent words (Halle & Boysson-Bardies 1996); see
also Vihman ez al. 2004 for a similar study that
explored interactions with prosody). These results
suggest that although infants may be able to encode
phonetic detail when listening to words, a period of
development is required before the phonetic detail
assumes privileged status in recognition.

Only a few studies have been published to date on
word form recognition in bilingual infants. Previous
research has shown that by around 13-months-of-
age, the event-related potentials (ERPs) recorded
from scalp electrodes are different in familiar when
compared with unfamiliar words in both latency and
topography (Mills ez al. 1993, 1997). To explore
whether words are equally strongly represented in the
bilingual brain, Vihman and colleagues (2007) com-
pared ERPs of English monolingual and Welsh
monolingual infants to English—Welsh bilingual
infants. The monolingual English infants showed the
anticipated effect: a difference in brain response to
familiar versus rare words. The monolingual Welsh
infants did not show the effect, which may reflect the
fact that Welsh has phonological mutation (i.e. the
onset consonants of some words change depending
on the words that precede them), which could make
it harder to track words. The difference could also
reflect a property of Welsh that makes the second syl-
lable of words most salient, while in English the first
syllable is typically most salient. Interestingly, the
bilinguals showed a pattern that would not have been
predicted based on the monolingual results: bilinguals’
brain responses to English word lists mimicked those
of English monolinguals’, and their responses to
Welsh lists showed a similar, although temporally
later difference in response to familiar versus rare
words. Thus, the bilinguals appear to have transferred
their ability to encode and recognize English word
forms to Welsh. Although there are many factors
(e.g. sociolinguistic) that could have contributed to
this pattern of results, these studies suggest that the
bilingual brain recognizes familiar words at the same
early age as does the monolingual brain. This study
also demonstrates the importance of considering
language-specific factors when studying bilingual
populations, even in infancy. Characteristics of the
two languages themselves, rather than bilingualism
per se, may explain certain developmental patterns.
We will return to this point in the discussion of
minimal pair word-learning.

6. WORD LEARNING
Truly knowing a word runs much deeper than simply
recognizing its form. The everyday notion of ‘word’
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invokes a linguistic symbol that stands for something
else, for example an object, an idea or a relation in
the world. Yet, there are many antecedent develop-
mental achievements before children can fully
understand and use words. In this paper we review
the steps required in word comprehension, with a
focus on the learning of count nouns—words that
stand for objects (see Hall & Waxman 2004;
Waxman & Lidz 2006). We begin with simple word—
object association, consider next the role of
language-specific phonetic categories in guiding word
learning, and end with a brief exploration of conceptual
foundations that might underlie word learning.

(a) Associating word and object

A prerequisite for referential word knowledge is the
ability to associate a word with a concept. Among
the earliest words acquired by young infants are
words for common objects. Although infants begin
to recognize frequent word forms (Jusczyk & Hohne
1997) and even to learn the associative meaning of
some highly common words by 6 to 8 months-of-age
(Tincoff & Jusczyk 1999), the process of learning
words is fairly slow until around the middle of the
second year of life (Oviatt 1980; Nazzi & Bertoncini
2003). Before this time, infants are most likely to be
successful in learning to comprehend new words
when there is rich contextual support for the mapping
(Hollich ez al. 2000), including when there is pointing
and/or shared eye gaze towards the target (Baldwin
1993), when the target object has high perceptual sal-
ience (Pruden er al. 2006), and when there is
synchrony between touching or moving the object
and the production of the word (Gogate & Bahrick
1998; Gogate et al. 2000). By 13—15 months, infants
become more adept at linking the sound of a word
with its referent even without broad contextual support
(Woodward ez al. 1994; Schafer & Plunkett 1998).

In our work, we examined the age at which infants
can learn to associate two different words with two
different objects in a laboratory task. In a procedure
called the ‘Switch’ task (from Younger & Cohen
1986), we presented infants with a moving object
(Object A) on a screen paired with a single word
(Word A) on some trials, and a different moving
object (Object B) paired with a different word
(Word B) on other trials (figure la). Following
habituation to such word—object pairings, we pre-
sented infants with both a Switch trial (e.g. Object A
paired with Word B) and a Same trial (e.g. Object A
with Word A) (figure 156). If infants learned about
both words, both objects and the associative link
between them, they should be surprised to see a viola-
tion of the associative link as in the Switch trial. We
tested infants of 8, 10, 12 and 14 months-of-age.
We found that at 14 months, but not before, infants
could learn the associative word—object pairing, as evi-
denced by longer looking to the Switch than to the
Same trial (Werker ez al. 1998).

In a recent follow-up study, we asked whether the
ability to learn associative word pairings is evident at
the same age in bilingual as in monolingual-learning
infants. The fact that bilingual and monolingual
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infants have a similar-sized overall vocabulary might
suggest that this skill would emerge at the same age
in both groups. On the other hand, there is some
work suggesting that in certain situations, bilinguals
may have an advantage over monolingual infants in
learning associative rules. One study trained 7-
month-old infants to orient to one side (e.g. to the
right) in response to an auditory stimulus in order to
see a visual reward. After a number of trials, the pro-
cedure switched so that a visual reward appeared on
the other side (e.g. to the left). Although monolinguals
and bilinguals were equally able to learn the first con-
tingency, bilingual infants were better able to switch
sides when the contingency changed, successfully inhi-
biting the previously taught rule (Kovacs & Mehler
2009a; see also Kovacs & Mehler 20095).

To test whether bilingual infants are able to learn
associative word—object pairings at the same age, or
earlier than monolingual infants, we compared monolin-
gual and bilingual infants of 12 and 14 months on their
ability to learn the dissimilar words, ‘lif’ and ‘neem’ in
the Switch word-learning task (Byers-Heinlein ez al.
submitted; figure 1). The results were clear: there was
neither an advantage nor a disadvantage for the bilingual
infants. Replicating the original Werker er al. (1998)
studies, infants from both language groups failed at
12 months and succeeded at 14 months by looking
longer at the Switch than at the Same word-object
pairing. These results confirm that one of the fundamen-
tal components of word learning, the ability to learn the
associative link between a word and object, emerges
synchronously in both monolingual and bilingual
infants.

(b) Learning similar-sounding words

To begin to unpack how the different components of
word learning interact, and more specifically, to
empirically test whether the phonetic categories estab-
lished in the first year of life can be used to direct word
learning, we extended our associative word learning
work to test monolingual infants on their ability to
learn minimally different words. We began with the
/b/—/d/ distinction that is used not only in English,
but in virtually every language of the world. Infants
of 14 months were tested in the same Switch task as
in our earlier work on dissimilar-sounding words
(figure 1). To our surprise, when tested on their ability
to learn the similar-sounding words ‘bih’ and ‘dih’,
which differ only in a single phonetic feature, infants
were not able to succeed at the Switch task at 14
months (Stager & Werker 1997), although they were at
17- and 20-months-of-age (Werker et al. 2002;
figure 2). This is in stark contrast to their ability to
learn dissimilar-sounding words in the same procedure
at 14 months.

In an attempt to understand why monolingual
infants fail to learn minimally different words at
14 months, we and others conducted a number of
follow-up studies. Manipulations that give infants
more information while performing the task can
allow them to succeed at this age. Additional infor-
mation that has been shown to improve performance
includes testing infants on words they already know
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(@) (b)

Same trial

Switch trial

Figure 1. The standard Switch task with both the dissimilar
word version (liffneem) and similar word version (minimal
pairs; bin/din) shown. (@) Habituation phase and (b) test phase.

(e.g. ball versus doll; Fennell & Werker 2004), placing
the minimal difference in a consistent context
(Thiessen 2007), and placing the to-be-learned words
in a noun phrase (Fennell & Waxman in press). More-
over, infants of 14 months even succeed when the
identical habituation phase was used as in the Switch
task, but is then followed by a side-by-side, two-
choice task in the test phase (rather than the sequential
task used in the test phase of the classic Switch task)
(Yoshida ez al. 2009). This reveals that at 14 months,
infants can pick up and encode critical phonetic
detail in the learning phase, but are only able to
reveal this learning in a test phase with reduced
performance demands. Collectively, these studies
suggest that monolingual infants are able to pick up
and represent the phonetic detail that distinguishes
words such as ‘bin’ and ‘din’, but are unable to
apply this information under certain impoverished
word-learning conditions (see Fennell & Werker
2004; Werker & Fennell 2008 for more details).

On the basis of these and other findings, we concluded
that, although infants of 14 months can detect and rep-
resent the phonetic detail distinguishing one word from
another, the computational requirements of learning
two objects, two words and linking them to one another
can prevent these novice word learners from being able to
use the phonetic detail successfully. According to this
‘computational resource limitation’ (CRL) hypothesis,
infants succeed by 17 months across word-learning situ-
ations, even context-poor situations like using isolated
words, because by this age they have become more
accomplished word learners (Werker ez al. 2002; Fennell
& Werker 2004; see also Naigles 2002; Nazzi & Berton-
cini 2003; Newman 2008), making it easier for them to
simultaneously hold on to the phonetic detail and to
the word—object link. In our PRIMIR framework (Pro-
cessing Rich Information from Multidimensional,
Interactive Representations) (Werker & Curtin 2005;
Curtin & Werker 2007), we argued more specifically
that at 14 months-of-age, although infants now give pho-
netic detail more weight than indexical detail in word
form recognirion tasks (Halle & Boysson-Bardies 1996;
Houston & Jusczyk 2000; Singh ez al. 2004), the novice
word learner does not yet weigh the contrastive pho-
netic difference any more heavily than other indexical
details in a word learning task. Thus, both task-relevant
and task-irrelevant information are kept in mind by the
infant, contributing to the difficulty in word learning.
We and others suggest that by 18 months-of-age infants
have established a sizable enough receptive lexicon that
they have learned that it is the speech sounds, not the
indexical cues, that serve to distinguish one word from
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mean. *p < 0.05. Open bars, Same trial; filled bars, Switch trial.

another (Beckman & Edwards 2000). This greater
weighting of phonetic cues enables more abstract, pho-
neme-like units to emerge (Werker & Curtin 2005). We
argue that these in turn serve to decrease the
computational load by focusing infants’ attention on
the critical cues needed to successfully guide
word learning, enabling success in the minimal pair
Switch task.

Strong evidence is emerging that abstract phonolo-
gical categories, rather than phonetic details, guide
minimal pair word-learning by 18 months. In a
recent study, English and Dutch toddlers were com-
pared on their ability to learn the minimal pair words
‘tam’ and ‘taam’ that differ in only a vowel length dis-
tinction (Dietrich et al. 2007). This contrast is of
interest because vowel length is phonemic (used to
contrast meaning between two words) in Dutch but
not in English. Nonetheless, because the difference
between a long and a short vowel is both familiar
and acoustically salient, English-learning infants are
able to discriminate this contrast at 18 months
(Mugitani et al. 2009). Using an identical procedure
as in the other Switch tasks described above, Dietrich
and colleagues found that at 18 months only Dutch-,
but not English-learning toddlers could learn to
associate the short vowel word ‘tam’ with one object
and the long vowel word ‘taam’ with another (Dietrich
et al. 2007). Thus, although both groups can hear the
difference between a long and a short vowel, only
Dutch infants, for whom the difference is phonemic,
use this difference to guide word learning.

In monolinguals, the minimal-pair variant of the
Switch task has proven to be extremely revealing as
to how infants coordinate their growing phonological
knowledge with their developing word learning abil-
ities. Indeed, performance in the minimal pair
Switch task at 17—18 months is correlated with both
concurrent (Kemp er al. submitted) and later
(Bernhardt er al. 2007) measures of vocabulary size
and language development more generally. We now
turn to studies of minimal pair word-learning in bilin-
guals to examine what this research has revealed about
the microstructure of bilingual acquisition.
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Do bilingual infants integrate their phonetic abil-
ities, their nascent knowledge of phonology, and
their early word learning in the same manner as mono-
lingual infants, who succeed at learning minimal pair
words in the Switch task at 17 months? Again, three
predictions could be made. On the one hand, bilin-
guals face the task of coordinating two phonological
systems with the task of word learning, increasing the
computational load and suggesting a possible later
age of success. In addition, even though the overall
vocabulary is likely as large or larger in a bilingual
than a monolingual child, the fact that the vocabulary
is split between two languages suggests that there
might be fewer well-solidified phonemes to guide
information pick-up. Moreover, the precise phonetic
characterization of even the /b/ and /d/ phonemes
could be different between English and other
languages, hence further complicating the word-learning
challenge for bilinguals. But on the other hand,
there is some evidence that bilingual preschoolers
have a specific advantage in phonological awareness
(Campbell & Sais 1995), leading to the prediction
that bilinguals might be able to use phonetic detail to
guide word learning at a younger age than monolingual
infants are able to. Finally, it is possible that just as
they pass simple associative word learning tasks at
the same age as monolingual infants, bilingual infants
might also match monolingual infants in the age at
which they are able to use phonological differences
to guide word learning.

To disentangle these hypotheses, we tested three
groups of bilingual-learning infants (see Fennell ez al.
2007 for more details). In the first study, hetero-
geneous bilingual infants (English plus some other
language) were tested at 14-, 17- and 20-months-of-
age. As before, the infants were tested on their ability
to associate the minimally different words ‘bih’ and
‘dih’ with two different objects. Like the monolinguals,
the bilinguals failed at 14-months-of-age to learn
similar-sounding words, ruling out the possibility of
a bilingual advantage. Unlike the monolingual
infants, however, the bilingual infants also failed at
17-months-of-age. It was only the 20-month group
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that succeeded in this minimal pair word-learning
task. To control for the possibility that bilingual
infants, for some reason, have difficulty discriminating
similar-sounding consonants even outside of a word-
learning task, we tested 14-month-old bilinguals in a
simple phonetic discrimination task (Fennell 2005).
The bilingual infants succeeded in discriminating
‘bih’ from ‘dih’, indicating that simple phonetic dis-
crimination was not the problem. Thus, the results
from the first group of bilingual infants indicated a
later age of success at minimal pair word-learning.

In our next set of studies, we tested the possibility
that the later success of the bilingual infants was not
indicative of all bilingual infants, but might be driven
by a subgroup of infants, for whom the phonological
characteristics of the their two languages rendered
the /b/—/d/ distinction particularly problematic in a
word-learning task. Thus, we added two homogeneous
groups of bilingual infants at 17- and 20-months: a
Chinese (Mandarin or Cantonese)—English sample
and a French (Quebecois or European)—English
sample. These languages possess interesting simi-
larities and differences when compared with English
(the common language across the infants). Chinese
languages have similar voicing and place of articula-
tion to English for both of the relevant consonants
(/b/-/d/). Thus, the Chinese—English bilinguals may
find the task easier owing to the commonalities
across their languages. French and English have differ-
ent voicing for both /b/ and /d/ and a different place of
articulation for /d/. These differences may make the
target phonemes harder to consolidate for the
French—English bilinguals, leading to behavioural
differences in the task. Despite the varying level of
cross-linguistic phonetic differences across the
groups, the two homogeneous groups of bilinguals
performed like one another, and more similarly to
the heterogeneous bilinguals than to the monolinguals.
Again the bilinguals were not successful at 17 months.
Moreover, in these two homogeneous samples, only
the females succeeded at 20 months. Perhaps, the
reduction in the between-language variance owing to
including homogeneous groups of bilinguals allowed
for a subtler picture of bilingual success and failure.
The task could be even more difficult than our original
sample revealed, and only the girls, who are sometimes
more advanced in language development and word
learning, were able to succeed.

However, not all studies of minimal pair word-
learning in bilingual infants have yielded findings
identical to ours. Indeed, in one recent study, bilingual
infants appear to have an advantage, at least under
some testing conditions. In this work, Mattock ez al.
(in press) tested three groups of 17-month-old infants
in a minimal pair word-learning study using the Switch
task: French—English bilingual infants, monolingual
French infants and monolingual English infants.
Rather than using the /b/—/d/ distinction as used in
Fennell er al. (2007), Mattock and colleagues tested
the infants across multiple experiments on words
beginning with /b/ versus /g/ (‘bowce’ versus
‘gowce’). Both French and English have a contrast
between /b/ and /g/, but each phoneme is realized
slightly differently in each language. The researchers
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recorded two sets of tokens from a single highly profi-
cient bilingual speaker. Tokens were pronounced in
either an English or in a French manner, which was
accomplished by having the speaker embed the token
in either an English or in a French carrier phrase.

In the first experiment, bilingual French—English,
monolingual English and monolingual French infants
were habituated to the word—object pairings with
the words produced both in the English manner
and in the French manner. In this study, only the
bilingual infants succeeded, while both groups of
monolingual infants failed. In the second experiment,
monolingual French infants were taught the words pro-
duced only in the French manner and English infants
were taught the words produced only in the English
manner. With these more native-like productions,
both groups of monolingual infants succeeded. In a
final study, French monolingual infants were tested
with the English-produced words, and in this case
the French infants failed. Mattock and colleagues
(in press) interpret these results as suggesting that it
is not the case that bilingual infants are generally
later relative to monolingual infants in their ability to
use phonetic detail to guide word learning (as we
argued in Fennell er al. 2007)—rather it is that all
infants of this age perform best in a minimal pair
word-learning task if the words are produced in a
way that matches the input they have experienced in
their everyday language learning world. Referring to
the predictions from the CRL hypothesis, they suggest
that in all cases, infants of 17—18 months have diffi-
culty using phonological categories to guide word
learning. Exposure to stimuli in the laboratory that
match the characteristics of language experienced in
the everyday world can lighten the processing load,
and facilitate minimal pair word-learning, whereas
exposure to stimuli that do not match increases the
load, and interferes with successful performance.

One result that complicates this interpretation is
that Fennell ez al. (2007) found no relationship
between 17-month-old bilinguals’ exposure to English
in their everyday environment (as measured by par-
ental report) and their ability to use phonetic detail
to guide word learning in the minimal pair switch
task. As the stimuli in Fennell ez al. (2007) were pro-
duced by an English speaker, then based on Mattock
et al.’s interpretation, one would predict that bilingual
infants with greater exposure to English and thus
greater English dominance would be more likely to
succeed on the task than those infants who were not
English-dominant. However, no such relationship
was found. Taken together these studies suggest that
for bilingual infants, and perhaps even for monolin-
gual infants, although an abstract phonological
category might indeed be beginning to appear by
17-18 months, it does not yet work as efficiently to
neutralize the phonetic variation that is irrelevant
to a word-learning task as it does in adults.

(¢) Accessing phonological detail in

recognizing meaningful words

An ability to recognize already learned words is equally
important to learning them in the first place. Just as in
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word learning, infants need to apply fine-grained pho-
nological sensitivities to the task of word recognition.
To assess word recognition in infants, researchers
often use a two-choice (Golinkoff er al. 1987) or ‘look-
ing while listening’ (Fernald ez al. 1998) procedure. In
this procedure, infants are shown pictures of two side-
by-side objects, and are then presented with a word
that labels one of the objects. To investigate how
infants apply phonetic sensitivities to word recog-
nition, infants hear either a correct label or a
mispronunciation of that label. For example, the dis-
play might contain both a doll and a car, and the
infant hears either ‘Baby. Can you find the baby?’ or
‘Vaby. Can you find the vaby?’ In this task infants
tend to look at the doll more than the car in response
to both ‘Baby’ and ‘Vaby’, but the effect of mispronun-
ciation is seen either by shorter looking time and/or
by a longer latency to orient to the labelled object
(Swingley & Aslin 2000, 2002; Swingley 2007).
These studies provide convincing evidence that pho-
netic detail is available in the representation of
known words.

In a recent study, Ramon-Casas er al. (2009)
showed that word recognition is specific to phonetic
contrasts that have phonemic status in the native
language. When tested on mispronunciations that
involve a vowel distinction that is used in Catalan
but not in Spanish (/e/—/E/), Catalan 18-month-olds
showed an advantage for the correctly pronounced
words over the mispronunciations, while Spanish-
learning infants responded identically to both correct
and mispronounced versions. These results suggest
Catalan-learners represent words in a way that dis-
tinguishes between the /e/ and /E/ vowels, while
Spanish-learners’ representations make no such dis-
tinction. To investigate whether bilingual children
represent words with the same degree of specificity
as monolingual Catalan-learners, and hence use the
/e/ and /E/ phonetic categories in word recognition,
the authors tested bilingual Spanish—Catalan infants
at the same age as the monolinguals had been tested.
At 18 months, bilingual Spanish—Catalan children
performed like the Spanish monolinguals, as a group
showing a similar response to the correctly pro-
nounced and mispronounced words, although there
was some suggestion that the Catalan-dominant
infants were more sensitive to the mispronunciation
than Spanish-dominant infants. A follow-up study
tested a group of three-year-old bilinguals. Here,
Catalan-dominant children showed a pronounced
advantage for the properly pronounced word,
whereas the Spanish-dominant bilingual children did
not. These findings are similar to reports with
adult Spanish—Catalan bilinguals wherein more
time, or more information (in a gating task) is required
for lexical use of a phonetic distinction that is
phonemic in only one of the languages (Pallier ez al.
2001).

These results are akin, in some respects, to those
reported by Fennell ez al. (2007). Both sets of studies
converge on the suggestion that bilingual infants may
require a longer period of learning in order to establish
functional phonological representations in each of
their languages. Perhaps, as suggested by the work of
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Mattock and colleagues (in press), the reliance on
stable, phonological representations emerges more
slowly in the bilingual not because of bilingualism
per se, but rather as an adaptive response to greater
variability in the input speech heard. This interpreta-
tion is consistent with the evidence that even
monolingual infants are easily thrown off in their use
of phonological categories if an indexical cue (i.e. speaker
identity) is changed between training and test (Hollich
2006).

(d) Conceptual development underlying word
learning in bilinguals

Conceptually, infants need some assumptions and/or
heuristics to facilitate the inductive word learning
problem (Quine 1960). Candidates that have been
identified include early understanding that count
nouns refer to whole objects (Markman 1991),
extend to members of a class (Golinkoff ez al.
1995), and are likely to mean something different
from any other count noun in their vocabulary
(Markman & Wachtel 1988; Mervis & Bertrand
1994). Some studies have suggested that, because of
the task of learning words in each of their languages,
young bilinguals may differ in the development of
word-learning heuristics (Davidson et al. 1997;
Davidson & Tell 2005), although other studies have
found few differences between monolinguals and
bilinguals (Frank & Poulin-Dubois 2002). Recent
research in our laboratory has established that the
number of languages experienced in the input does,
however, affect the emergence of initial word-learning
biases. Specifically, we examined the emergence of
the disambiguation bias (the tendency to link a
novel noun to a novel object) and found that
although this heuristic is robust in monolingual
infants aged 18-months, it is less so in bilingual
infants and not evident at all in infants growing up
with three languages (Byers-Heinlein & Werker
2009). These findings suggest that either experience
with single-noun single-object mappings is necessary
for disambiguation to emerge, a condition specific
to monolingual infants, or that this word-learning
heuristic is in place prior to word learning, and that
experience with translation equivalents (cross-
language synonyms) interferes with its expression.
In either case, these findings show an effect of
exposure to multiple languages on the first steps in
word learning.

7. CONCLUSION

The basic task of language acquisition in monolingual
and bilingual infants is the same: to become a profi-
cient communicator in the language or languages
that surround them. To do so, learners must navigate
a complex linguistic environment, particularly in the
case of bilingual infants. In this paper we reviewed
some of the first achievements in bilingual language
acquisition, and how these early building blocks come
together to facilitate ever more complex language
tasks. For bilingual infants, a fundamental first step
is the discrimination and separation of the two
languages, so that representations of sounds and
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Figure 3. A summary diagram showing the age at which monolingual and bilingual infants show success in a variety of speech-

processing and word-learning tasks.

words can be built for each. Just like monolingual
infants, bilinguals must then learn the phonetic inven-
tories of their native languages, and learn to attend to
those distinctions that are meaningful, and ignore
those that are not. For the bilinguals, some distinctions
may be phonemic in one language and not in the
other, and these types of distinctions might therefore
be pulled apart later in development than they are in
the monolinguals (e.g. the Catalan /e/—/E/ distinction
which is not realized in Spanish; Bosch & Sebastian-
Gallés 2003). In other cases, a distinction may be
maintained as the difference between the realization
of a particular phoneme in one language versus its
realization in the other (e.g. the French and English
/d/ sounds; Sundara er al. 2008). Monolinguals and
bilinguals likely use the same mechanisms to refine
their perceptual sensitivities, but as a result of the
more complex learning environment, phonetic devel-
opment may at times unfold slightly differently in the
bilingual context as opposed to the monolingual
context. Further, how phonetic development proceeds
in bilinguals might depend on the similarities
and differences in phonetic repertoire between the
bilinguals’ two languages.

When phonetic sensitivities are applied to word
learning, we again see a slightly different unfolding
of abilities between monolinguals and bilinguals. On
basic word-learning tasks, monolinguals and bilinguals
show identical abilities (Byers-Heinlein ez al
submitted). Yet, in both word learning and word rec-
ognition tasks that probe bilinguals’ ability to apply
phonetic sensitivities, bilinguals succeed at a later age
than monolinguals (Fennell ez al. 2007; Ramon-
Casas er al. 2009). At the same time, other studies
using similar tasks have shown that bilinguals can out-
perform monolinguals (Mattock ez al. in press). These
seemingly contradictory findings may eventually be
understood through the consideration of the demands
required by bilingual acquisition. On the one hand,
bilinguals may be later to form stable phonological
representations, thus postponing their ability to
succeed on some minimal-pair tasks. On the other
hand, bilinguals likely experience a world with
considerably more phonetic variability than

Phil. Trans. R. Soc. B (2009)

monolinguals. This might result in broader phonetic
categories in the bilingual, hence greater caution
in applying summary phonological representations
might prove to be a valuable adaptation in the bilingual
context. Further, bilinguals might experience a more
complex language environment, leading to greater
processing demands particularly as they try to dis-
criminate and separate their languages. Open
questions remain as to when and how bilinguals can
apply their ability to discriminate their two languages
to the task of minimal pair word-learning. Above we
present figure 3 summarizing these results, showing
the relative timing of success on various tasks in
monolingual and bilingual infants.

Language dominance is another factor which must
be carefully considered in the case of bilingual
language acquisition. Dominance may influence how
bilingual infants interpret different types of language
information from an early age, including tasks that
assess early phonotactic knowledge (Sebastian-Gallés &
Bosch 2002) and word recognition (Ramon-Casas
et al. 2009). Differences in infant brain responses to
words from the dominant versus non-dominant
language (Conboy & Mills 2006) hint at the neural
differences which may underlie these dominance
effects, supporting the idea that the dominant
language may be fundamentally different and privi-
leged. These results strongly suggest that the issue of
language dominance should always be considered,
even in the earliest stages of bilingual development.
Further, caution should be taken when gauging the
dominant language of a bilingual at any given point
in time, as changing life circumstances (especially in
younger bilinguals) can shift language dominance
throughout development.

On the scale of language milestones, and in terms of
the development of fundamental learning mechan-
isms, monolingual and bilingual acquisition differ
little. Yet, in this paper we have illustrated how inter-
esting differences can occur between monolinguals
and bilinguals in the microstructure of acquisition.
The study of bilingual acquisition at both macrostruc-
ture and microstructure levels can yield differing yet
complementary perspectives on language acquisition.
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At the macrostructure scale, similarities between
monolinguals and bilinguals attest to the robustness
of the infant’s ability to acquire language, and to the
flexibility of our biological endowments which support
acquisition. At the microscale, differences between
monolinguals and bilinguals can give insight into the
detailed workings of mechanisms of acquisition, and
reveal how the developing mind adapts to radically
different types of early language environments and
learning challenges.

ENDNOTE

'In French, the distinction is between a prevoiced and a voiced unas-
pirated consonant, whereas in English it is between a voiced
unaspirated versus a voiceless aspirated consonant.

REFERENCES

Albareda-Castellot, B., Ferran, P. & Sebastian-Gallés, N.
Submitted. Acquisition of phonetic categories in bilingual
infants.

Baker, S. A., Golinkoff, R. M. & Petitto, L. A. 2006 New
insights into old puzzles from infants’ categorical dis-
crimination of silent phonetic units. Lang. Learn. 2,
147-162. (doi:10.1207/s1547334111d0203_1)

Baldwin, D. A. 1993 Infants’ ability to consult the speaker
for clues to word reference. ¥ Child Lang. 20, 395-418.

Beckman, M. E. & Edwards, J. 2000 The ontogeny of pho-
nological categories and the primacy of lexical learning in
linguistic development. Child Dev. 71, 240—-249. (doi:10.
1111/1467-8624.00139)

Bernhardt, B. M., Kemp, N. & Werker, J. F. 2007 Early word-
object associations and later language development. First
Lang. 27, 315-328. (doi:10.1177/0142723707081652)

Bosch, L. & Sebastian-Gallés, N. 1997 Native-language
recognition abilities in 4-month-old infants from
monolingual and bilingual environments. Cognition 65,
33-69. (d0i:10.1016/S0010-0277(97)00040-1)

Bosch, L. & Sebastian-Gallés, N. 2001 Early language differ-
entiation in bilingual infants. In Trends in bilingual
acquisition (eds J. Cenoz & F. Genesee), pp. 71-93.
Amsterdam, The Netherlands: Benjamins.

Bosch, L. & Sebastian-Gallés, N. 2003 Simultaneous bilin-
gualism and the perception of a language-specific vowel
contrast in the first year of life. Lang. Speech 46,
217-243. (doi:10.1177/00238309030460020801)

Bosch, L., Costa, A. & Sebastian-Gallés, N. 2000 First and
second language vowel perception in early bilinguals.
Eur. § Cogn. Psychol. 12, 189-221. (doi:10.1080/
095414400382127)

Burns, T. C., Yoshida, K. A., Hill, K. & Werker, J. F. 2007
The development of phonetic representation in bilingual
and monolingual infants. Appl. Psycholinguist. 28,
455-474. (doi:10.1017/S0142716407070257)

Byers-Heinlein, K. & Werker, J. F. 2009 Monolingual, bilin-
gual, trilingual: infants’ language experience influences
the development of a word learning heuristic. Dev. Sci.
12, 815-823. (doi:10.1111/.1467-7687.2009.00902.x)

Byers-Heinlein, K., Burns, T. F. & Werker, J. F. In press. The
roots of bilingualism in newborns. Psychol. Sci.

Byers-Heinlein, K., Fennell, C. T. & Werker, ]J. F.
Submitted. The development of associative word learning in
monolingual and bilingual infants.

Campbell, R. & Sais, E. 1995 Accelerated metalinguistic
(phonological) awareness in bilingual children.
Br. §. Dev. Psychol. 13, 61.

Phil. Trans. R. Soc. B (2009)

Caramazza, A. & Yeni-Komshian, G. H. 1974 Voice onset
time in two French dialects. ¥ Phonerics 2, 239—-245.
Conboy, B. T. & Mills, D. L. 2006 Two languages, one
developing brain: event-related potentials to words in
bilingual toddlers. Dew. Sci. 9, F1-F12. (doi:10.1111/

j.1467-7687.2005.00453.x)

Curtin, S. & Werker, J. F. 2007 The perceptual foundation of
phonological development. In The Oxford handbook of
psycholinguistics (ed. G. Gaskell), pp. 579-599. Oxford,
UK: Oxford University Press.

Davidson, D. & Tell, D. 2005 Monolingual and bilingual
children’s use of mutual exclusivity in the naming of
whole objects. ¥ Exp. Child Psychol. 92, 25—-45.

Davidson, D., Jergovic, D., Imami, Z. & Theodos, V. 1997
Monolingual and bilingual children’s use of the mutual
exclusivity constraint. . Child Lang. 24, 3—-24. (doi:10.
1017/S0305000996002917)

De Houwer, A. 1995 Bilingual language acquisition.
In Handbook of child language (eds P. Fletcher & B.
MacWhinney), pp. 219-250. Cambridge, MA: Blackwell.

De Houwer, A., Bornstein, M. H. & Putnick, D. 2008
Lexical knowledge in bilingual infants. Poster presented ar
the Int. Conf. on Infant Studies, Vancouver, Canada, March
2008.

Dehaene-Lambertz, G. & Houston, D. 1998 Faster
orientation latencies toward native language in two-
month-old infants. Lang. Speech 41, 21-43.

Dietrich, C., Swingley, D. & Werker, J. F. 2007 Native
language governs interpretation of salient speech sound
differences at 18 months. Proc. Narl Acad. Sci. USA
104, 16027-16031. (d0i:10.1073/pnas.0705270104)

Fennell, C. T. 2005 Balanced and language-dominant bilin-
guals’ perception of a consonant contrast in infancy. Paper
presented at the Int. Congress for the Study of Child
Language, Berlin, July 2005.

Fennell, C. T. & Waxman, S. R. In press. What paradox?
Referential cues allow for infant use of phonetic detail
in word learning. Child Dev.

Fennell, C. T. & Werker, J. F. 2004 Infant attention to
phonetic detail: knowledge and familiarity effects. In
Proc. of the 28th Annual Boston University Conf. on
Language Development, pp. 165—176.

Fennell, C. T., Byers-Heinlein, K. & Werker, J. F. 2007
Using speech sounds to guide word learning: the case of
bilingual infants. Child Dev. 78, 1510-1525. (doi:10.
1111/5.1467-8624.2007.01080.x)

Fernald, A., Pinto, J. P, Swingley, D., Weinberg, A. &
McRoberts, G. W. 1998 Rapid gains in speed of verbal
processing by infants in the 2nd year. Psychol. Sci. 9,
228-231. (doi:10.1111/1467-9280.00044)

Flege, J. E., Schirru, C. & MacKay, I. R. A. 2003 Interaction
between the native and second language phonetic
subsystems. Speech Commun. 40, 467-491. (doi:10.
1016/S0167-6393(02)00128-0)

Fowler, C. A., Sramko, V., Ostry, D. J., Rowland, S. A. &
Hallé, P. 2008 Cross language phonetic influences on
the speech of French—English bilinguals. ¥ Phonetics 36,
649-663. (d0i:10.1016/j.wocn.2008.04.001)

Frank, I. & Poulin-Dubois, D. 2002 Young monolingual and
bilingual children’s responses to violation of the Mutual
Exclusivity Principle. Int. ¥ Biling. 6, 125—146. (doi:10.
1177/13670069020060020201)

Friederici, A. D. & Wessels, J. M. 1993 Phonotactic knowl-
edge of word boundaries and its use in infant speech
perception. Percept. Psychophys. 54, 287—295.

Genesee, F., Nicoladis, E. & Paradis, J. 1995 Language
differentiation in early bilingual development. ¥ Child
Lang. 22, 611-631.

Genesee, F., Boivin, I. & Nicoladis, E. 1996 Talking with
strangers: a study of bilingual children’s communicative


http://dx.doi.org/doi:10.1207/s15473341lld0203_1
http://dx.doi.org/doi:10.1111/1467-8624.00139
http://dx.doi.org/doi:10.1111/1467-8624.00139
http://dx.doi.org/doi:10.1177/0142723707081652
http://dx.doi.org/doi:10.1016/S0010-0277(97)00040-1
http://dx.doi.org/doi:10.1177/00238309030460020801
http://dx.doi.org/doi:10.1080/095414400382127
http://dx.doi.org/doi:10.1080/095414400382127
http://dx.doi.org/doi:10.1017/S0142716407070257
http://dx.doi.org/doi:10.1111/j.1467-7687.2009.00902.x
http://dx.doi.org/doi:10.1111/j.1467-7687.2005.00453.x
http://dx.doi.org/doi:10.1111/j.1467-7687.2005.00453.x
http://dx.doi.org/doi:10.1017/S0305000996002917
http://dx.doi.org/doi:10.1017/S0305000996002917
http://dx.doi.org/doi:10.1073/pnas.0705270104
http://dx.doi.org/doi:10.1111/j.1467-8624.2007.01080.x
http://dx.doi.org/doi:10.1111/j.1467-8624.2007.01080.x
http://dx.doi.org/doi:10.1111/1467-9280.00044
http://dx.doi.org/doi:10.1016/S0167-6393(02)00128-0
http://dx.doi.org/doi:10.1016/S0167-6393(02)00128-0
http://dx.doi.org/doi:DOI:10.1016/j.wocn.2008.04.001
http://dx.doi.org/doi:10.1177/13670069020060020201
http://dx.doi.org/doi:10.1177/13670069020060020201
http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org on April 2, 2013

Review. Bilingual beginnings J. F. Werker et al. 3661

competence. Appl. Psycholinguist. 17, 427—-442. (doi:10.
1017/S0142716400008183)

Gogate, L. J. & Bahrick, L. E. 1998 Intersensory redundancy
facilitates learning of arbitrary relations between vowel
sounds and objects in seven-month-old infants. ¥ Exp.
Child Psychol. 69, 133-149. (doi:10.1006/jecp.1998.
2438)

Gogate, L. J., Bahrick, L. E. & Watson, J. D. 2000 A study of
multimodal motherese: the role of temporal synchrony
between verbal labels and gestures. Child Dev. 71,
878-894. (doi:10.1111/1467-8624.00197)

Golinkoff, R. M., Hirsh-Pasek, K., Cauley, K. M. &
Gordon, L. 1987 The eyes have it: lexical and syntactic
comprehension in a new paradigm. ¥ Child Lang. 14,
23-45. (d0i:10.1017/S030500090001271X)

Golinkoff, R. M., Shuff-Bailey, M., Olguin, R. & Ruan, W.
1995 Young children extend novel words at the basic
level: evidence for the principle of categorical scope.
Devw. Psychol. 31, 494—-507. (d0i:10.1037/0012-1649.31.
3.494)

Hall, D. G. & Waxman, S. R. 2004 Weéaving a lexicon.
Cambridge, MA: MIT Press.

Halle, P. A. & Boysson-Bardies, B. D. 1996 The format of
representation of recognized words in infants’ early recep-
tive lexicon. Infant Behav. Dev. 19, 463—481. (doi:10.
1016/S0163-6383(96)90007-7)

Hollich, G. 2006 Combining techniques to reveal emergent
effects in infants’ segmentation, word learning,
and grammar. Lang. Speech 49, 3-19. (doi:10.1177/
002383090 60490010201)

Hollich, G., Hirsh-Pasek, K., Golinkoff, R. M., Brand, R. J.,
Brown, E., Chung, H. L., Hennon, E. & Rocroi, C. 2000
Breaking the language barrier: an emergentist coalition
model for the origins of word learning. Monogr. Soc.
Res. Child Dev. 65, 1-123. (doi:10.1111/1540-5834.
00091)

Houston, D. M. & Jusczyk, P. W. 2000 The role of talker-
specific information in word segmentation by infants.
F Exp. Psychol. Hum. Percept. Perform. 26, 1570—1582.
(doi:10.1037/0096-1523.26.5.1570)

Jusczyk, P. W. 1997 Finding and remembering words: some
beginnings by English-learning infants. Curr. Dir. Psychol.
Sci. 6, 170—174. (doi:10.1111/1467-8721.ep10772947)

Jusczyk, P. W. & Aslin, R. N. 1995 Infants’ detection of the
sound patterns of words in fluent speech. Cogn. Psychol.
29, 1-23. (doi:10.1006/cogp.1995.1010)

Jusczyk, P. W. & Hohne, E. A. 1997 Infants’ memory for
spoken words. Science 277, 1984—1986. (doi:10.1126/
science.277.5334.1984)

Jusczyk, P. W., Friederici, A. D., Wessels, J. M., Svenkerud,
V. Y. & Jusczyk, A. M. 1993 Infants’ sensitivity to the
sound patterns of native language words. ¥ Mem. Lang.
32, 402-420. (doi:10.1006/jmla.1993.1022)

Kemp, N., Scott, J., Bernhardt, B. M., Johnson, C. E.,
Siegel, L. & Werker, J. F. Submitted. Developmental
foundations: infants’ emerging use of phonological cat-
egories in word learning.

Kovacs, A. M. & Mehler, J. 2009a Cognitive gains in
7-month-old bilingual infants. Proc. Natl Acad. Sci. 106,
6556—6560. (d0i:10.1073/pnas.0811323106)

Kovacs, A. M. & Mehler, J. 20095 Flexible learning of mul-
tiple speech structures in bilingual infants. Science 5940,
611-612. (doi:10.1126/science.1173947)

Kuhl, P. K., Stevens, E., Hayashi, A., Deguchi, T., Kiritani,
S. & Iverson, P. 2006 Infants show a facilitation effect for
native language phonetic perception between 6 and 12
months. Dev. Sci. 9, F13-F21. (doi:10.1111/j.1467-
7687.2006.00468.x)

Mani, N. & Plunkett, K. 2007 Phonological specificity of
vowels and consonants in early lexical representations.

Phil. Trans. R. Soc. B (2009)

J Mem. Lang. 57, 252-272. (doi:10.1016/j.jml.2007.
03.005)

Markman, E. M. 1991 The whole-object, taxonomic, and
mutual exclusivity assumptions as initial constraints on
word meanings. In Perspectives on language and thought:
interrelations in development (eds S. Gelman & J. P
Byrnes), pp. 72-106. New York, NY: Cambridge
University Press.

Markman, E. M. & Wachtel, G. F. 1988 Children’s use of
mutual exclusivity to constrain the meanings of words.
Cogn. Psychol. 20, 121-157. (doi:10.1016/0010-0285
(88)90017-5)

Mattock, K. & Burnham, D. 2006 Chinese and English
infants’ tone perception: evidence for perceptual reorgan-
ization. Infancy 10, 241-265. (d0i:10.1207/s15327078in
1003_3)

Mattock, K., Polka, L., Rvachew, S. & Krehm, M. In press.
The first steps in word learning are easier when the shoes
fit: comparing monolingual and bilingual infants. Dew.
Sci. (d0i:10.1111/5.1467-7687.2009.00891.x)

Mehler, J., Jusczyk, P. W., Lambertz, G., Halsted, N.,
Bertoncini, J. & Amiel-Tison, C. 1988 A precursor of
language acquisition in young infants. Cognition 29,
143-178. (doi:10.1016/0010-0277(88)90035-2)

Mervis, C. B. & Bertrand, J. 1994 Acquisition of the novel
name-nameless category (N3C) principle. Child Dev.
65, 1646—1662. (doi:10.2307/1131285)

Mills, D. L., Coffey-Corina, S. A. & Neville, H. J. 1993
Language acquisition and cerebral specialization in
20-month-old infants. ¥ Cogn. Neurosci. 5, 317-334.
(doi:10.1162/jocn.1993.5.3.317)

Mills, D. L., Coffey-Corina, S. A. & Neville, H. ]J.
1997 Language comprehension and cerebral specializ-
ation from 13 to 20 months. Dev. Neuropsychol. 13,
397-445.

Moon, C., Cooper, R. P. & Fifer, W. P. 1993 Two-day-olds
prefer their native language. Infant Behav. Dev. 16,
495-500. (d0i:10.1016/0163-6383(93)80007-U)

Mugitani, R., Pons, F., Fais, L., Dietrich, C., Werker, J. F. &
Amano, S. 2009 Perception of vowel length by Japanese-
and English-learning infants. Dev. Psychol. 45, 236—247.
(doi:10.1037/a0014043)

Naigles, L. R. 2002 Form is easy, meaning is hard: resolving
a paradox in early child language. Cognition 86, 157.
(doi:10.1016/S0010-0277(02)00177-4)

Narayan, C., Werker, J. F. & Beddor, P. M. In press.
The interaction between acoustic salience and language
experience in developmental speech perception: evidence
from nasal place discrimination. Dev. Sci.

Nazzi, T. & Bertoncini, J. 2003 Before and after the
vocabulary spurt: two modes of word acquisition? Dev.
Sci. 6, 136—142. (doi:10.1111/1467-7687.00263)

Nazzi, T. & Ramus, F. 2003 Perception and acquisition of
linguistic rhythm by infants. Speech Commun. 41,
233-243. (doi:10.1016/S0167-6393(02)00106-1)

Nazzi, T., Bertoncini, J. & Mehler, J. 1998 Language dis-
crimination by newborns: toward an understanding of
the role of rhythm. . Exp. Psychol. Hum. Percept. Perform.
24, 756—766. (doi:10.1037/0096-1523.24.3.756)

Nazzi, T., Jusczyk, P. W. & Johnson, E. K. 2000 Language
discrimination by English-learning 5-month-olds: effects
of rhythm and familiarity. ¥ Mem. Lang. 43, 1-19.
(doi:10.1006/jmla.2000.2698)

Newman, R. S. 2008 The level of detail in infants’ word
learning. Curr. Dir. Psychol. Sci. 17, 229-232. (doi:10.
1111/5.1467-8721.2008.00580.x)

Oller, D. K., Eilers, R. E., Urbano, R. & Cobo-Lewis, A. B.
1997 Development of precursors to speech in
infants exposed to two languages. ¥ Child Lang. 24,
407-425.


http://dx.doi.org/doi:10.1017/S0142716400008183
http://dx.doi.org/doi:10.1017/S0142716400008183
http://dx.doi.org/doi:10.1006/jecp.1998.2438
http://dx.doi.org/doi:10.1006/jecp.1998.2438
http://dx.doi.org/doi:10.1111/1467-8624.00197
http://dx.doi.org/doi:10.1017/S030500090001271X
http://dx.doi.org/doi:10.1037/0012-1649.31.3.494
http://dx.doi.org/doi:10.1037/0012-1649.31.3.494
http://dx.doi.org/doi:10.1016/S0163-6383(96)90007-7
http://dx.doi.org/doi:10.1016/S0163-6383(96)90007-7
http://dx.doi.org/doi:10.1177/00238309060490010201
http://dx.doi.org/doi:10.1177/00238309060490010201
http://dx.doi.org/doi:10.1111/1540-5834.00091
http://dx.doi.org/doi:10.1111/1540-5834.00091
http://dx.doi.org/doi:10.1037/0096-1523.26.5.1570
http://dx.doi.org/doi:10.1111/1467-8721.ep10772947
http://dx.doi.org/doi:10.1006/cogp.1995.1010
http://dx.doi.org/doi:10.1126/science.277.5334.1984
http://dx.doi.org/doi:10.1126/science.277.5334.1984
http://dx.doi.org/doi:10.1006/jmla.1993.1022
http://dx.doi.org/doi:10.1073/pnas.0811323106
http://dx.doi.org/doi:10.1126/science.1173947
http://dx.doi.org/doi:10.1111/j.1467-7687.2006.00468.x
http://dx.doi.org/doi:10.1111/j.1467-7687.2006.00468.x
http://dx.doi.org/doi:10.1016/j.jml.2007.03.005
http://dx.doi.org/doi:10.1016/j.jml.2007.03.005
http://dx.doi.org/doi:10.1016/0010-0285(88)90017-5
http://dx.doi.org/doi:10.1016/0010-0285(88)90017-5
http://dx.doi.org/doi:10.1207/s15327078in1003_3
http://dx.doi.org/doi:10.1207/s15327078in1003_3
http://dx.doi.org/doi:10.1111/j.1467-7687.2009.00891.x
http://dx.doi.org/doi:10.1016/0010-0277(88)90035-2
http://dx.doi.org/doi:10.2307/1131285
http://dx.doi.org/doi:10.1162/jocn.1993.5.3.317
http://dx.doi.org/doi:10.1016/0163-6383(93)80007-U
http://dx.doi.org/doi:10.1037/a0014043
http://dx.doi.org/doi:10.1016/S0010-0277(02)00177-4
http://dx.doi.org/doi:10.1111/1467-7687.00263
http://dx.doi.org/doi:10.1016/S0167-6393(02)00106-1
http://dx.doi.org/doi:10.1037/0096-1523.24.3.756
http://dx.doi.org/doi:10.1006/jmla.2000.2698
http://dx.doi.org/doi:10.1111/j.1467-8721.2008.00580.x
http://dx.doi.org/doi:10.1111/j.1467-8721.2008.00580.x
http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org on April 2, 2013

3662 J. F. Werker er al. Review. Bilingual beginnings

Oviatt, S. L. 1980 The emerging ability to comprehend
language: an experimental approach. Child Dev. 51,
97-106. (doi:10.2307/1129595)

Pallier, C., Bosch, L. & Sebastian-Gallés, N. 1997 A limit
on Dbehavioral plasticity in speech perception.
Cognition 64, B9-B17. (doi:10.1016/S0010-0277(97)
00030-9)

Pallier, C., Colome, A. & Sebastian-Gallés, N. 2001 The
influence of native-language phonology on lexical access:
exemplar-based versus abstract lexical entries. Psychol.
Sci. 12, 445-449. (doi:10.1111/1467-9280.00383)

Paradis, J. & Nicoladis, E. 2008 Are all bilingual children
delayed in vocabulary development? How Canadian
French—English bilingual children are different. 7alk pre-
sented at the Int. Conf. on Models of Interaction in Bilinguals,
Bangor, UK.

Pascalis, O., deHaan, M. & Nelson, C. A. 2002 Is face pro-
cessing species-specific during the first year of life? Science
296, 1321-1323. (doi:10.1126/science.1070223)

Pearson, B. Z. & Fernandez, S. C. 1994 Patterns of inter-
action in the lexical growth in two languages of bilingual
infants and toddlers. Lang. Learn. 44, 617-653.
(doi:10.1111/.1467-1770.1994.tb00633.x)

Pearson, B. Z., Fernandez, S. & Oller, D. K. 1995 Cross-
language synonyms in the lexicons of bilingual infants:
one language or two? ¥ Child Lang. 22, 345-368.

Petitto, L. A., Katerelos, M., Levy, B. G., Gauna, K.,
Tetreault, K. & Ferraro, V. 2001 Bilingual signed and
spoken language acquisition from birth: implications for
the mechanisms underlying early bilingual language
acquisition. J. Child Lang. 28, 453—-496. (doi:10.1017/
S0305000901004718)

Pruden, S. M., Hirsh-Pasek, K., Golinkoff, R. M. &
Hennon, E. A. 2006 The birth of words: ten-month-
olds learn words through perceptual salience. Child Dev.
77, 266—280. (doi:10.1111/j.1467-8624.2006.00869.x)

Quine, W. V. 1960 Word and object. Cambridge, MA: MIT
Press.

Ramon-Casas, M., Swingley, D., Sebastian-Gallés, N. &
Bosch, L. 2009 Vowel categorization during word recog-
nition in bilingual toddlers. Cogn. Psychol. 59, 96—121.
(d0i:10.1016/j.cogpsych.2009.02.002)

Schafer, G. & Plunkett, K. 1998 Rapid word learning by
fifteen-month-olds under tightly controlled conditions.
Child Dev. 69, 309—320. (doi:10.2307/1132166)

Sebastian-Gallés, N. 2008 Growing up bilingual: from crib
to college. Paper presented at the Int. Conf. on Infant
Studies, Vancouver, Canada, March 2008.

Sebastian-Gallés, N. & Bosch, L. 2002 Building phonotactic
knowledge in bilinguals: role of early exposure. ¥ Exp.
Psychol. Hum. Percept. Perform. 28, 974—989. (doi:10.
1037/0096-1523.28.4.974)

Sebastian-Gallés, N. & Bosch, L. In press. Developmental
shift in the discrimination of vowel contrasts in bilingual
infants: is the distributional account all there is to it?
Dev. Sci. (doi:10.1111/5.1467-7687.2009.00829.x)

Sebastian-Gallés, N., Echeverria, S. & Bosch, L. 2005 The
influence of initial exposure on lexical representation:
comparing early and simultaneous bilinguals. ¥ Mem.
Lang. 52, 240-255. (d0i:10.1016/j.jm1.2004.11.001)

Sebastian-Gallés, N., Bosch, L. & Pons, F. 2008 Early bilin-
gualism. In Encyclopedia of infant and early childhood
development (eds M. Haith & J. Benson), pp. 172-182.
San Diego, CA: Academic Press.

Singh, L., Morgan, J. L. & White, K. S. 2004 Preference and
processing: the role of speech affect in early spoken word
recognition. . Mem. Lang. 51, 173-189. (doi:10.1016/
j.jm1.2004.04.004)

Stager, C. L. & Werker, J. F. 1997 Infants listen for more
phonetic detail in speech perception than in

Phil. Trans. R. Soc. B (2009)

word-learning tasks. Narure 388, 381-382. (doi:10.
1038/41102)

Sundara, M. & Polka, L. 2008 Discrimination of coronal
stops by bilingual adults: the timing and nature of
language interaction. Cognition 106, 234—258. (doi:10.
1016/j.cognition.2007.01.011)

Sundara, M., Polka, L.. & Molnar, M. 2008 Development of
coronal stop perception: bilingual infants keep pace with
their monolingual peers. Cognition 108, 232-242.
(d0i:10.1016/j.cognition.2007.12.013)

Swingley, D. 2007 Lexical exposure and word-form encod-
ing in 1.5-year-olds. Dev. Psychol. 43, 454—464. (doi:10.
1037/0012-1649.43.2.454)

Swingley, D. & Aslin, R. N. 2000 Spoken word recognition
and lexical representation in very young children.
Cognition 76, 147-166. (doi:10.1016/S0010-0277(00)
00081-0)

Swingley, D. & Aslin, R. N. 2002 Lexical neighborhoods
and the word-form representations of 14-month-olds.
Psychol. Sci. 13, 480-484. (doi:10.1111/1467-9280.
00485)

Thiessen, E. D. 2007 The effect of distributional information
on children’s use of phonemic contrasts. ¥ Mem. Lang. 56,
16—34. (doi:10.1016/j.jml1.2006.07.002)

Tincoff, R. & Jusczyk, P. W. 1999 Some beginnings of word
comprehension in 6-month-olds. Psychol. Sci. 10,
172-175. (doi:10.1111/1467-9280.00127)

Vihman, M. M. 1985 Language differentiation by the bilin-
gual infant. ¥ Child Lang. 12, 297-324.

Vihman, M. M., Nakai, S., DePaolis, R. A. & Hallé, P. 2004
The role of accentual pattern in early lexical represen-
tation. . Mem. Lang. 50, 336—353. (doi:10.1016/j.jml.
2003.11.004)

Vihman, M. M., Thierry, G., Lum, J., Keren-Portnoy, T. &
Martin, P. 2007 Onset of word form recognition in Eng-
lish, Welsh, and English-Welsh bilingual infants.
Appl.  Psycholinguist. 28, 475-493. (doi:10.1017/
S0142716407070269)

Volterra, V. & Taeschner, T. 1978 The acquisition and devel-
opment of language by bilingual children. §. Child Lang.
5, 311-326.

Waxman, S. R. & Lidz, J. L. 2006 Early word learning. In
Handbook of child psychology. Vol. 2: Cognition, perception,
and language (eds D. Kuhn, R. S Siegler, W. Damon
et al.), pp. 299-335, 6th ed. Hoboken, NJ: Wiley.

Weikum, W. M., Vouloumanos, A., Navarra, J., Soto-Faraco,
S., Sebastian-Gallés, N. & Werker, J. F. 2007 Visual
language discrimination in infancy. Science 316,
1159-1159. (doi:10.1126/science.1137686)

Werker, J. F. & Byers-Heinlein, K. 2008 Bilingualism in
infancy: first steps in perception and comprehension.
Trends Cogn. Sci. 12, 144-151. (doi:10.1016/j.tics.2008.
01.008)

Werker, J. F. & Curtin, S. 2005 PRIMIR: a developmental
model of speech processing. Lang. Learn. Dev. 1, 197—-234.
(doi:10.1207/51547334111d0102_4)

Werker, J. F. & Fennell, C. T. 2008 Infant speech perception
and later language acquisition: methodological
underpinnings. In Infant pathways to language: methods,
models, and research directions (eds J. Colombo, P.
McCardle & L. Freund), pp. 85-98. New York, NY:
Psychology Press.

Werker, J. F. & Tees, R. C. 1984 Cross-language speech per-
ception: evidence for perceptual reorganization during
the first year of life. Infant Behav. Dev. 7, 49-63.
(doi:10.1016/S0163-6383(84)80022-3)

Werker, J. F. & Tees, R. C. 1999 Influences on infant
speech processing: toward a new synthesis. Annu.
Rev. Psychol. 50, 509—535. (doi:10.1146/annurev.psych.
50.1.509)


http://dx.doi.org/doi:10.2307/1129595
http://dx.doi.org/doi:10.1016/S0010-0277(97)00030-9
http://dx.doi.org/doi:10.1016/S0010-0277(97)00030-9
http://dx.doi.org/doi:10.1111/1467-9280.00383
http://dx.doi.org/doi:10.1126/science.1070223
http://dx.doi.org/doi:10.1111/j.1467-1770.1994.tb00633.x
http://dx.doi.org/doi:10.1017/S0305000901004718
http://dx.doi.org/doi:10.1017/S0305000901004718
http://dx.doi.org/doi:10.1111/j.1467-8624.2006.00869.x
http://dx.doi.org/doi:10.1016/j.cogpsych.2009.02.002
http://dx.doi.org/doi:10.2307/1132166
http://dx.doi.org/doi:10.1037/0096-1523.28.4.974
http://dx.doi.org/doi:10.1037/0096-1523.28.4.974
http://dx.doi.org/doi:10.1111/j.1467-7687.2009.00829.x
http://dx.doi.org/doi:10.1016/j.jml.2004.11.001
http://dx.doi.org/doi:10.1016/j.jml.2004.04.004
http://dx.doi.org/doi:10.1016/j.jml.2004.04.004
http://dx.doi.org/doi:10.1038/41102
http://dx.doi.org/doi:10.1038/41102
http://dx.doi.org/doi:10.1016/j.cognition.2007.01.011
http://dx.doi.org/doi:10.1016/j.cognition.2007.01.011
http://dx.doi.org/doi:10.1016/j.cognition.2007.12.013
http://dx.doi.org/doi:10.1037/0012-1649.43.2.454
http://dx.doi.org/doi:10.1037/0012-1649.43.2.454
http://dx.doi.org/doi:10.1016/S0010-0277(00)00081-0
http://dx.doi.org/doi:10.1016/S0010-0277(00)00081-0
http://dx.doi.org/doi:10.1111/1467-9280.00485
http://dx.doi.org/doi:10.1111/1467-9280.00485
http://dx.doi.org/doi:10.1016/j.jml.2006.07.002
http://dx.doi.org/doi:10.1111/1467-9280.00127
http://dx.doi.org/doi:10.1016/j.jml.2003.11.004
http://dx.doi.org/doi:10.1016/j.jml.2003.11.004
http://dx.doi.org/doi:10.1017/S0142716407070269
http://dx.doi.org/doi:10.1017/S0142716407070269
http://dx.doi.org/doi:10.1126/science.1137686
http://dx.doi.org/doi:10.1016/j.tics.2008.01.008
http://dx.doi.org/doi:10.1016/j.tics.2008.01.008
http://dx.doi.org/doi:10.1207/s15473341lld0102_4
http://dx.doi.org/doi:10.1016/S0163-6383(84)80022-3
http://dx.doi.org/doi:10.1146/annurev.psych.50.1.509
http://dx.doi.org/doi:10.1146/annurev.psych.50.1.509
http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org on April 2, 2013

Review. Bilingual beginnings J. F. Werker et al. 3663

Werker, J. E.,, Gilbert, J. H. V., Humphrey, K. & Tees, R. C.
1981 Developmental aspects of cross-language speech per-
ception. Child Dev. 52, 349—-355. (doi:10.2307/1129249)

Werker, J. F., Cohen, L. B., Lloyd, V. L., Casasola, M. &
Stager, C. L. 1998 Acquisition of word-object
associations by 14-month-old infants. Dev. Psychol. 34,
1289-1309. (doi:10.1037/0012-1649.34.6.1289)

Werker, J. F., Fennell, C. T., Corcoran, K. M. & Stager, C. L.
2002 Infants’ ability to learn phonetically similar words:
effects of age and vocabulary size. Infancy 3, 1-30.
(d0i:10.1207/15250000252828226)

Werker, J. F.,, Maurer, D. & Yoshida, K.
Cultural influence on perceptual

2009
development in

Phil. Trans. R. Soc. B (2009)

infancy. In Handbook of cross cultural developmental
science (ed. M. H. Bornstein), pp. 89-125. New York,
NY: Psychology Press.

Woodward, A. L., Markman, E. M. & Fitzsimmons, C. M.
1994 Rapid word learning in 13-and 18-month-olds. Dev.
Psychol. 30, 553-566. (d0i:10.1037/0012-1649.30.4.553)

Yoshida, K. A., Fennell, C. T., Swingley, D. & Werker, J. F.
2009 Fourteen-month-old infants learn similar sounding
words. Dev. Sci. 12, 412-418. (d0i:10.1111/j.1467-7687.
2008.00789.x)

Younger, B. A. & Cohen, L. B. 1986 Developmental change
in infants’ perception of correlations among attributes.
Child Dev. 57, 803—815. (doi:10.2307/1130356)


http://dx.doi.org/doi:10.2307/1129249
http://dx.doi.org/doi:10.1037/0012-1649.34.6.1289
http://dx.doi.org/doi:10.1207/15250000252828226
http://dx.doi.org/doi:10.1037/0012-1649.30.4.553
http://dx.doi.org/doi:10.1111/j.1467-7687.2008.00789.x
http://dx.doi.org/doi:10.1111/j.1467-7687.2008.00789.x
http://dx.doi.org/doi:10.2307/1130356
http://rstb.royalsocietypublishing.org/

	Bilingual beginnings to learning words
	Introduction
	Language discrimination
	Auditory language discrimination
	Visual language discrimination

	Native phonetic categories: learning the sounds of two native languages
	Phonotactic development
	Word recognition
	Word learning
	Associating word and object
	Learning similar-sounding words
	Accessing phonological detail in recognizing meaningful words
	Conceptual development underlying word learning in bilinguals

	Conclusion
	References




