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Linking Infant Speech Perception
to Language Acquisition

Phonetic Learning Predicts
Language Growth

PaTricia K. KUHL

INTRODUCTION

A lively conference on language processing was held at Massachusetts Institute of
Technology (MIT) in 1976, when Denis Klatt, Peter Eimas, and Peter Jusczyk were
still living (Perkell & Klatt, 1976). A specific question raised by Eimas resonated
among the attendees regarding the fast-growing literature on infants’ perception
of speech: Infants show exquisite processing of speech in the first year of life—what
role does it play in language development? Does resolution of a 10 ms difference
in voice onset time (VOT) (to differentiate /ba/ from /pa/; see Eimas, Siqueland,
Jusczyk, & Vigorito, 1971) assist the acquisition of language? Jusczyk and Klatt
wondered similarly about prosody and its role in language acquisition, and Jus-
czyk’s work over the next two decades made that connection (Jusczyk, 1997).

Thirty years after the conference, the question about continuity between
speech and language is gaining momentum. Janet Werker’s group is examining
toddlers’ use of phonetic detail in their early word representations (Werker &
Yeung, 2005; Werker, this volume); Swingley and Aslin (2002, 2007) pursued
this question, and so has Kim Plunkett’s group (Ballem & Plunkett, 2005). These
studies attempt to link speech perception and language acquisition.

Studies in my laboratory have taken a different approach. We have been
examining Eimas’s question in another way by asking if an infant’s early speech
perception skill predicts that child’s later language ability. A considerable
literature indicates an association between deficits in speech perception and
specific language impairment in children, as described herein, but such studies
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donot prove thatarelationship can be established between early speech perception
and later language in typically developing children.

Prospective experimental studies conducted in the last few years in my
laboratory suggest that infants’ early speech perception abilities do predict
language growth (Kuhl, Conboy, Padden, Nelson, & Pruitt, 2005; Kuhl et al,,
2008; Rivera-Gaxiola, Klarman, Garcia-Sierra, & Kuhl, 2005; Tsao, Liu, & Kuhl,
2004). The data make an important point: What we once considered “noise”—the
variance observed in phonetic perception in typically developing infants—is
meaningful. Individual differences in infants’ speech perception abilities predict
the variance in their developmental growth patterns for language.

This chapter summarizes these studies, discusses their implications, and
describes the Native Language Magnet-Expanded (NLM-e) model, which explains
how linguistic, social, and cognitive skills contribute to the early development
of speech perception and speech production and how this early learning affects
second language learning.

RETROSPECTIVESTUDIES AND THE ROLE OF PHONETIC
PROCESSING IN LANGUAGE IMPAIRMENT

Before any prospective studies demonstrated associations between early speech
perception performance and later language abilities, retrospective and concurrent
studies revealed a link between reduced phonetic perception and language
impairment. Early pioneers in this work were Dennis Molfese and his colleagues
who showed, in children between the ages of 3 and 8, that classification into
high- versus low-functioning language groups could be predicted by their event-
related potential (ERP) responses to speech syllables as newborns (Molfese, 2000;
Molfese & Molfese, 1985, 1997). The authors’ discriminant function analyses of
the children’s brain waves as newborns predicted their classification with about
80% accuracy into normal- and low-language performance groups, based on
standardized tests.

These data are buttressed by a large body of literature on the phonetic abilities
of children diagnosed with reading disorders, learning disabilities, or language
impairment in the form of specific language impairment (SLI). Studies confirm
that children with reading disabilities show deficits in speech perception when
compared with age-matched controls (Reed, 1989). Performance differences
between children with dyslexia and controls were reported for tests of speech per-
ception in several studies (Godfrey, Syrdal-Lasky, Millay, & Knox, 1981; Manis
etal., 1997; Reed, 1989; Werker & Tees, 1987). Similar findings, using both brain
and behavioral measures, have been reported for children with various forms of
learning disabilities (Bradlow et al., 1999; Kraus et al., 1996).

Links between deficiencies in speech perception and poor language s{ulls
\re parlicularly strong in school-age children with SLI ‘(Leonard: M-LGr;%:;.
c\ Allen, 1992; Stark & Heinz, 1996; Sussman, 1993; Tallal & .chny‘, .l fh;
511 children perform significantly poorer than ag_e-matched co:.n-rols 1:\1{5{
paception of consonantal acoustic cues fuch as Ilormant transitions, M k.
and frication noise (Leonard et al., 1992; Tallal & Piercy, 1974; Tallal & Stark,

1981).

PROSPECTIVE STUDIES: ASSOCIATIONS BETWEEN EARLY
PHONETIC PERCEPTION AND LATER LANGUAGE

Prospective studies looking at the association between speech dis.criminalio'n
skills in typically developing infants and their future language sklll:«s belgarl1 in
v laboratary with the publication of a study showing tb_at vowel discrimina-
tion predicted language during the first two years of life. Tsao et al. (2004)
tested 6-month-old infants’ performance on a standard measure of speech
perception, the head-turn (HT) conditioning task, and a sm}ple vowel cor
trast (the vowels in tea and two). He assessed the same infants language. skl.lls
at 13, 16, and 24 months of age using the MacArthur-Bates Communicative
Development Inventory (CDI) (Fenson et al., 1994, 2000). Significant corre-
lations between individual infants’ speech perception skills at 6 months and
word understanding, word production, and phrase understa-nding were seen
at 13, 16, and 24 months of age. The findings demonstrated, for the first time,
that a standard measure of native language speech perception at 6 months of
age—the ability to discriminate two vowels—prospectively predicted language
outcomes in typically developing infants at three ages over the next 18 mDﬂt]}S.
Parental socioeconomic variables (education, prot’ession, and income level) for
both the mother and the father were measured and shown to be unrelated to
cither the infants’ early speech perception skills or their later language abilities
(Tsao et al., 2004).

Tsao et al. (2004) argued that phonetic perception per se was related to later
language but raised two alternative accounts for the association. they (?bscrved
between native language speech perception and later language—_mfﬂnts gcnerlal
auditory abilities or general cognitive abilities. Infants who per.iormed .bettt:r in
the phonetic perception tasks might have had better listeni.ng skills or might have
been cognitively advanced. If so, the observed relationship between speech an_d
language would not link infants’ phonetic abilities to later language but rat}fer
link them to infants’ more general hearing and cognitive skills. ThF next studies
in my laboratory examined these alternatives and tested a specific hypotheses
generated by the NLM-e model.
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PROSPECTIVE STUDIES USING BOTH NATIVE
AND NONNATIVE PHONETIC UNITS

‘Behavioral Studies Examining Native and Nonnative Contrasts

To advance theory, we designed prospective tests using native as well as nonnative
phonetic units to examine their predictive value for later language. A revision of
the original Native Language Magnet (NLM) model (NLM-e, described following)
made specific predictions regarding how native and nonnative perception should
relate to later language (Kuhl, 2004; Kuhl et al., 2008). We argue that language
acquisition depends on native language neural commitment, the development of
neural circuitry dedicated to the analysis of the statistical and prosodic patterns
in native language speech. The degree to which infants remain able to detect non-
native phonetic contrasts reflects the degree to which the brain remains in an
earlier, more immature state of phonetic perception (Phase 1)—still “open” and
uncommitted to native language speech patterns. According to the model, early
native language speech perception is required for advancement toward language.
Therefore, native perception skill should positively predict language growth. Non-
native phonetic skill, on the other hand, is predicted to correlate negatively with
later language learning: An open system reflects uncommitted circuitry.

Kuhl, Conboy, et. al. (2005), conducted the first study using both native and
nonnative contrasts. They utilized a standard behavioral measure of speech percep-
tion (HT conditioning; see Polka, Jusczyk, & Rvachew, 1995 for procedural details).
We tested 20 infants at 7 months of age on the discrimination of the native stop
contrast /pa-ta/ and the nonnative Mandarin affricate-fricative contrast / t6"-6i/,
counterbalanced across subjects. The Mandarin contrast has been used in previous
research in our laboratory (Kuhl, Tsao, & Liu, 2003; Tsao, Liu, & Kuhl, 2006).

The HT task provides a sensitive measure of individual infants’ speech perception
skill and has been used in many studies. It provides an absolute performance mea-
sure, both percent correct and d-prime (d'), for individual infants. The CDI was
used to measure language outcomes at 14, 18, 24, and 30 months of age.

Two results were noteworthy. First, there was an association between
performance on the native and nonnative contrasts at 7.5 months of age. We found
a significant negative correlation for the native and nonnative contrasts (r = -.481,
p =.030, n = 16). Infants with higher d" scores for the English native contrast
tended to have lower d’ scores for the Mandarin Chinese nonnative contrast.

Second, we examined whether native or nonnative phonetic perception pred-
icted future language ability and, if so, the direction of the effects. Ashypothesized,
both native and nonnative d’ measures of speech discrimination at 7 months
predicted later language, but differentially. Native language phonetic dis-
crimination was positively correlated with word production at 18 months
(r=-503, p=.017, n = 17), sentence complexity at 24 months (r = .423, p = .046,

1 = 17),and the mean of the three longest utterances (M3L) at 24 months (r :Z&l?.
_ 023, n = 17) (Figure 12.1a). In contrast, nonnative language phonclu- ‘1!:-
triminalion in the same infants was negatively correl'fued with word }!)rodmt}so;
at 18 months (r=-.507,p = 023, n=16), word production at 24 months (r= —.73 X
‘1 — 017, n = 16), and sentence complexity at 24 months (r=-.699,p=.001,n= 16)
lF}g;::Jtaii‘ilaL;)y was measured at all four CDI test ages, a‘llowing_ exarr.lination of
{he vocabulary growth patterns over time. The differential relationship b(itwect.‘)n
native and nonnative phonetic discrimination and vocabulary growth can be

<een by comparing vocabulary growth in infants whose d’ scores are above or

below the median (Figure 12:2). ‘ ' .
Perception of native (Figure 12.2[a]) and nonnative phonetic contrasts (Fig-

ure 12.2[b]) at 7 months of age differentially affects the. pattefn of later vocal‘m—
lary growth. For the native language contrast, infants withad’ above the mec%mn
<howed faster vocabulary growth than infants with d" values bclmf' the median.
For the nonnative contrast, the pattern was reversed: Infants with d‘ values above
the median showed slower vocabulary growth than those with d values below
the median. ‘ _

Differences in vocabulary for subjects above and below thed mec%mn are l_nost
pronounced at 18 and 24 months of age. Group effects for the native predictor
approach significance at 18 months (£(15) = -2.045, p = .059). Repeated nwas'urﬂes
analysis of variance (ANOVA) with the native predictor as a ?etween subjects
variable reveals the expected significant age effect for number of words produc.ed
(F(1,14) = 64.170, p = .000). Main effects for the native predictqr and the natfve
predictor by age interaction were not significant. Group effects for the nonnative
predictor are significant at 24 months (¢(14) = 2.858, p = .01;). Repea.ted mea-
sures ANOVA with the nonnative predictor as a between subjects variable also
reveals the expected significant age effect for number of wordsl prod.uce.d (If(l,13)
= 76.653, p = .000). The main effect for the nonnative predictor is .51gmﬁc.:ant
(F(1,13) = 5.046, p = .043). Moreover, the nonnative predictor by age interaction
is significant (F(1,13) = 4.600,p = .05). .

After 24 months the vocabulary growth differences between native and non-
_native predictors dissipate. Given the fact that the infant par.ticipants in the study
are all typically developing infants who are expected t.o achieve normal language
skills, it is not surprising that the curves merge over time.

Brain Measures of Phonetic Perception as Prospective

Predictors of Future Language

We reasoned that the use of brain measures would advance this work b.ecause
pre-attentive event ERPs reduce the role of cognitive factors, such as attention, on
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Figure 12.1 Scatterplots showing the relationship between native (left) and
nonnative (right) phonetic perception at 7.5 months and language measures
taken in the second and third year of life. (Modified from Kuhl, Conboy, et al.,
2005, Language Learning and Development, 1, 248. With permission.)
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Figure 12.2 Vocabulary growth curves (median number of words produced)
for participants with phonetic discrimination at or above (solid line) versus
below (dashed line) the median for the native-language contrast (a) and the non-
native language contrast (b). (Modified from Kuhl, Conboy, et al., 2005, Lan-
guage Learning and Development, 1, 249. With permission.)

discrimination. In Kuhl, et al., 2008, we used ERPs to test the same native place
contrast (/pa-ta/) and either the nonnative contrast (Mandarin /t6"i-6i/) used in
the earlier behavioral tests (Kuhl, Conboy, et al., 2005) or a new nonnative contrast
(Spanish voiced-voiceless). Native and nonnative contrasts were presented in coun-
terbalanced order. The use of two nonnative contrasts allowed us to examine whether
the predictive relationship we had observed in the behavioral study between early
speech and later language would obtain with ERPs and a new nonnative contrast.
The classic “oddball” paradigm was used, which has been shown to provide discrim-
inative responses to phonetic changes in the form of mismatch negativity (MMN) in
adults (Nitinen et al,, 1997) and an MMN-like response in infants (Cheour et al.,
1998; Pang et al., 1998; Rivera-Gaxiola, Silva-Pereyra, & Kuhl, 2005).

ERPs were recorded in 30 (14 female) monolingual full-term infants at 7.5
months of age in response to the native and nonnative phonetic contrasts. In
our ERP task (Kuhl et al., 2008), infants listened to the syllables passively while
af experimenter entertained them with quiet toys. The oddball paradigm was
used with 85% standards and 15% deviants. An EEG was collected continuously
with a sampling rate of 250 Hz and was band-pass filtered from 0.1 to 60 Hz at
16 electrode sites using Electro-caps with standard international 10/20 place-
ments. Data collected from eight lateral electrode sites (F7/8, F3/4, T3/4, C3/4)
were used in the analysis. Participants heard approximately 500 syllables (stan-
dard deviation [SD] = 39) and 60 deviant trials (SD = 14) for each contrast. Mean
amplitude of the deviant minus standard difference wave (the MMN) between
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300 and 500 ms after the onset of the deviant was measured. Usable ERP data
were obtained from 24 of the 30 participants for the native contrast and 22 of the
30 participants for the nonnative contrast (15 to Mandarin and 7 to Spanish). Of
the 30 participants, 21 had acceptable ERP data for both native and nonnative
contrasts (15 with the Mandarin nonnative contrast and 6 with the Spanish non-
native contrast).

Average waveforms for the standards and deviants obtained for the native and
nonnative contrasts at the eight electrode sites were analyzed for each child, and
the mean amplitude of the MMN (Nadtanen et al., 1997) was calculated at each
site. The MMN is a negative wave that is observed in response to the deviant at
approximately 250 ms (adults) and slightly later (300-500) for infants (Cheour
et al., 1998; Rivera-Gaxiola, Silva-Pereyra, et al., 2005). Better discrimination is
indicated by larger amplitudes of the negativity, which can be measured either as
a peak value or as a mean amplitude value (Kraus et al., 1996). Separate repeated
measures ANOVAs, conducted for each contrast (native, Spanish, and Manda-
rin), indicated no interactions of stimulus (standard vs. deviant) by hemisphere
(left vs. right) by site (N = 8) for the native (F(3,66) = 0.229, p = 0.844, n = 23),
the Mandarin (F(3,39) = 0.265, p = 0.817, n = 14), or the Spanish (F(3,18) = 1.309,
p=0.305, n = 7) contrast. Based on the broad distributions of the MMNs, a sin-
gle MMN mean amplitude difference value (deviant minus standard at 300-500
ms) was calculated for each infant’s native and nonnative contrast by averaging
values across hemisphere and electrode site.

We observed a significant negative correlation between infants’ ERPs to native
and nonnative contrasts; this was true when the Mandarin nonnative contrast
was correlated with the native contrast (r = -0.741, p = 0.046, n = 6), and with the
combined data (r = -0.631, p = 0.001, n = 21). Infants with more negative MMN
values (indicating better discrimination) for the native /p-t/ contrast tended to
have less negative values for the nonnative contrast (either Mandarin or Span-
ish), while infants with less negative values for the native contrast showed more
negative values for the nonnative. This relationship replicates the findings of our
previous behavioral study (Kuhl, Conboy, et al., 2005) and extends the pattern of
results to a brain measure and a new nonnative contrast.

As we had hypothesized, analysis of the CDI data revealed that both native
and nonnative neural measures predicted future language and in opposing direc-
tions (Figure 12.3). Better native language discrimination was associated with
more advanced language skills measured over the next two years. The native lan-
guage MMN at 7.5 months significantly predicted the number of words produced
at 18 months (r = -0.430, p = 0.020), the number of words produced at 24 months
(r=-0.611, p = 0.001), higher sentence complexity at 24 months (r = -0.643,
p = 0.001), and a longer M3L at 24 months (r = -0.632, p = 0.001), as well as at
30 months (r = -0.487, p = 0.017) (see Figure 12.3[a] for examples). In all cases,
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Figure 12.3 Scatterplots show significant correlations between infants’ ph_ow
netic discrimination, as measured by ERPs (the infant MMN), at 7.5 months for
native (left) as opposed to nonnative (right) phonetic contrasts and their later
language abilities. (Filled = Mandarin, Open = Spanish). (From Kuhl et al., 2008,
Philosophical Transactions of the Royal Society B, p. 987. With permission.)

more negative MMN values (indicating better discrimination) are associated
with higher language scores, producing negative correlations.

A very different pattern of prediction was observed when infants’ MMN
measures of nonnative perception were used to predict future language skills
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(Figure 12.3[b]). Better discrimination of the nonnative contrast is associated with
less advanced language skills. More negative MMNs to nonnative phonetic con-
trasts (better discrimination) at 7.5 months predicted fewer words produced
at 24 months (r = 0.388, p = 0.041), lower sentence complexity at 24 months
(r=0.439, p =0.030), and a shorter M3L at 30 months (r = 0.481, p = 0.025). Thus, both
native and nonnative phonetic units predict later language, but in different directions,
This pattern of associations replicates the effects seen in our earlier behavioral study
(Kuhl, Conboy, et al., 2005) and extends the pattern to a new nonnative contrast,

Hierarchical Linear Growth-Curve Modeling

Acceleration in expressive vocabulary growth during the second year character-
izeslearningin many of the world’slanguages (Bornstein & Cote, 2005; D’Odorico,
Carubbi, Salerni, & Calvo, 2001; Fenson et al., 1994; Huttenlocher, Haight, Bryk,
Seltzer, & Lyons, 1991). To examine whether brain responses to speech sounds
at 7.5 months predicted rates of expressive vocabulary development from 14 to
30 months, Kuhl et al. (2008) used the Hierarchical Linear Models (HLMs)
program HLM 6 (Raudenbush, Bryk, & Congdon, 2005)(Figure 12.4).

In multilevel modeling, repeated measurements of vocabulary size are used
to estimate growth functions for each individual child, and the resultant growth
parameters for each individual are modeled as random with variance predicted
by a between subjects variable. Inspection of individual children’s data indi-
cated that variation across children was observed from 14 to 30 months. Of the
23 children for whom at least 3 data points were available, approximately half
(n = 12) showed rapid initial growth, reaching close to 400 words or more by 24
months (range, 393-597). From 24 to 30 months, the slopes were flatter in these
children, which may be at least partially an artifact of the vocabulary measure
(their 30-month vocabulary sizes ranged from 555 to 673 and the CDI ceiling is
680 words). The remaining children evidenced lesser gains in vocabulary size
up to 24 months, although their scores were still within the normal range at 24
months (97-343 words) and 30 months (207-678 words).

Separate analyses were conducted for the native and nonnative contrast ERP
data in children with artifact-free data at 7.5 months (1 = 24 and n = 22, respec-
tively, with 21 children participating in both analyses). At the first level of each
analysis, we estimated individual growth curves for each child using a quadratic
equation with the intercept centered at 18 months (due to the small sample sizes
we used restricted maximum likelihood). Several reports on expressive vocabu-
lary development in this age range have indicated that quadratic models capture
typical growth patterns—both a steady increase and acceleration (Fernald, Perfors,
& Marchman, 2006; Ganger & Brent, 2004; Huttenlocher et al., 1991). Centering at
18 months allowed us to evaluate individual differences in vocabulary size at an age
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Figure 12.4 A median split of infants whose MMNs indicate be-tter (solid lin?)
versus poorer (dotted line) discrimination of native (a) and nonnative (b) ph()}let:c
contrasts is shown along with their corresponding longitudinal growth-curve func-
tions for the number of words between 14 and 30 months of age. (From Kuhl et al.,
2008, Philosophical Transactions of the Royal Society B, p. 988. With permission.)

that has previously been associated with rapid growth (“vocabulary spurt”) as well
+s differences in rates of growth across the whole period. -

For each sample of children, unconditional models indicated individual
variation in the random effects for the intercept (18-month vocabulary size), lin-
car slope, and quadratic component. Covariance estimates inc}icated high degrees
of collinearity between the linear and quadratic components for each sample. For
both the native and nonnative MMN samples, the intercepts and linear slopes
were highly positively correlated at .99, indicating that children with higher
18-month vocabulary sizes tended to have faster growth throughout the 14-30-
month period. For both samples, the intercepts and quadratic components were
highly negatively correlated (native tau = -.95, nonnative tau = -.99), a'nd the
slopes and quadratic components were highly negatively correlawfj (native tau
= _.89, nonnative tau = —.97), which likely reflects the fact that children whose
vocabulary sizes reached higher levels by 18 months and had overall fasler‘g‘rowth
had a leveling off function toward 30 months as they reached the CDI cellmg?

At the second level of analysis, child-level variations in the intercepts (i.e.,
18-month vocabulary sizes) and in the slopes of the growth functions were mod-
eled as a function of the 7.5-month native and nonnative MMN values. The qua-
dratic growth-curve model indicated that the average native c.ontrasl MMN was
significantly related to the intercept (18-month vocabulary size) (t(22) = -4.15,
p < 0.001), the linear slope component (£(22) = -4.07,p < 0.001), and the quadratic
component of the growth function (1(22) = 3.32, p = 0.003).
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To illustrate this relationship, Figure 12.4(a) shows the growth patterns for
children whose 7.5-month native MMNs were below and above the median. The
children with better native discrimination skills (more negative mean MMN
amplitude values, solid curve) showed faster vocabulary growth. In contrast,
children with poorer native discrimination skills (more positive mean MMN
values, dotted curve) showed slower growth in the number of words.

As predicted by our hypothesis, the opposite pattern was obtained for
the nonnative language contrast (Figure 12.4[b]). Children with better non-
native discrimination skills (more negative mean MMN amplitude values,
solid curve) showed slower vocabulary growth, while children with poorer
nonnative discrimination skills (more positive mean MMN values, dotted
curve) showed faster growth in the number of words. The quadratic growth-
curve model showed that the average nonnative contrast MMN values were
significantly related to the intercept (#(20) = 2.27, p = 0.03) and the linear
slope component (£(20) = 2.63, p = 0.02). There was a trend for the interaction
between nonnative MMN size and the quadratic component of the growth
function (#(20) = -1.97, p = 0.06). Thus, greater discrimination of the nonna-
tive contrast at 7.5 months was associated with slower vocabulary growth. In
contrast, infants showing poorer discrimination evidenced faster growth in
vocabulary size.

EXPLAINING THE LINK BETWEEN SPEECH AND LANGUAGE

Our tests show that both native and nonnative phonetic discrimination abilities
ataround 7 months predict children’s language abilities at the age of 30 months.
Using both behavioral and brain measures, we show that better native phonetic
abilities predict faster advancement in language, whereas better nonnative pho-
netic abilities predict slower linguistic advancement.

Additional studies from our laboratory show a similar pattern of prediction
for native and nonnative phonetic abilities and later language. Rivera-Gaxiola,
Klarman, et al., (2005) measured ERPs in response to native and nonnative Eng-
lish-Spanish contrasts in 11-month-old infants and measured their language
skills with the CDI at 18, 22, 25, 27, and 30 months of age. Infants were catego-
rized into two groups depending on the latency and polarity of their nonnative
contrast responses; infants with prominent negativities between 250 and 600 ms
after stimulus onset (good discrimination) at 11 months produced significantly
fewer words at each age when compared with infants who did not show this nega-
tivity. While infants ERPs were measured differently by Kuhl et al. (in press)
and Rivera-Gaxiola, Klarman, et al., (2005), both focus on the degree to which
infants produce a strong negativity (indicating good discrimination) in response

{0 a change in phonetic contrasts, and both studies show that good discrimina-
tion of the nonnative contrast after 7.5 months of age predicts slower language
development.

Using the Rivera-Gaxiola, Klarman, et al. (2005) stimuli and a new double-
{arget behavioral measure to relate concurrent language abilit i-es and speech per-
L-U}:li(m in 11-month-old infants, Conboy, Rivera-Gaxiola, I\%arman, Aksoy.lu,
and Kuhl (2005) showed that the degree to which infants’ d” scores to native
contrasts exceeded their performance on nonnative contrasts predicted the
qumber of words they comprehended at that age. In other words, a bigger
difference between native and nonnative performance predicted faster lan-
guage growth, This result is consistent with the idea that better perior_munce
on native phonetic tasks is an indicator of faster language growth while bet-
ter performance on nonnative phonetic tasks is an indicator of slower growth
in language.

Finally, a study of Finnish 7- and 11-month-old infants replicates this pattern
(Silven, Kouvo, Haapakoski, Lahteenmaki, & Kuhl, 2004). Monolingual infants
tested on a native Finnish and a nonnative Russian contrast at the two ages and
followed up with the Finnish version of the CDI at 14 months showed a significant
positive correlation between native language and future language perception at 7
months and a significant negative correlation between nonnative perception at
|1 months and future language, a pattern of results that is consistent with what
we observed in the English-learning infants (Kuhl, Conboy, et al., 2005; Kuhl
et al., 2005).

Thus, a number of studies of typically developing infants between 6 and 12
months of age using different phonetic contrasts in different countries show
that better native language speech perception skill, measured either behav-
iorally or neurally, predicts rapid advancement of language, whereas better
nonnative phonetic skill, measured in the same way at the same age, is an
indicator of slower language growth. It is important to note that these results
are for monolingual infants who have not had any experience with the for-
cign language being tested. Expectations for bilingual infants are discussed
following.

» What accounts for the continuity between speech perception and later lan-
guage? The NLM model (Kuhl, 1992, 1994) has recently been revised. The new
Native Language Magnet expanded (NLM-e) model indicates a potential pathway
by which phonetic learning advances language development (Kuhl et al,, 2908).
NLM-e is described briefly here, because it offers an account of the results of our
prediction experiments. NLM-e suggests how auditory, cognitive, and social fac-
tors interact during phonetic learning, and indicates how early phonetic learning
affects second-language learning later in life.
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Native Language Magnet-Expanded

The NLM-e model is shown in Figure 12.5. Phase 2, neural commitment, ig
the heart of the model and is most relevant to the experiments discussed here
that show a differential relationship between native and nonnative phonetic
perception in infancy as predictors of later language. The model is described
next.
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Figure 12.5 NLM-e is shown in four phases (see text for description). The repre-
sentations of native language input for vowels and consonants are drawn roughly
to reflect existing data for Swedish (Fant, 1973; Lacerda, 2006), English (Dalston,
1975; Flege, Takagi, & Mann, 1995; Hillenbrand, Getty, Clark, & Wheeler, 1995)
and Japanese (Iverson et al., 2003; Lotto, Sato, & Diehl, 2004). (From Kuhl et al.,
2008, Philosophical Transactions of the Royal Society B, p. 989. With permission.)

NILM-e: Phase 1

phase | of the model indicates that infants discriminate all phonetic units in
the world’s languages, though contrasts differ in difficulty and directional
effects exist for both consonants (Kuhl et al., 2006) and vowels (Polka & Bohn,
5003). Studies demonstrate that the acoustic salience of a phonetic contrast
impacts performance; fricatives, for example, have been shown to be more dif-
ficult to discriminate due to their low amplitude (Eilers, Wilson, & Moore,
1977; Kuhl, 1980; Nittrouer, 2001; see also Burnham, 1986). Moreover, stud-
ies show that discrimination performance in infants and young children is
above chance but far below that shown by adult native listeners (Kuhl et al,,
2006; Nittrouer, 2001; Sundara, Polka, & Genesee, 2006). Infants’ initial per-
formance thus leaves room for substantial improvement, especially for those
contrasts that are acoustically fragile. The model stipulates that in Phase 1,
infants’ phonetic abilities are relatively crude (see Kuhl, 2000 for cross-species
comparisons), reflecting general auditory perceptual constraints or learning
in utero (Moon, Cooper, & Fifer, 1993). Infants begin life with a capacity to
discriminate the acoustic cues that differentiate phonetic units, an ability that
is helpful in Phase 2.

NLM-e: Phase 2

Phase 2 represents the core of the NLM-e model, describing how neural commit-
ment to native language patterns ensues. At this stage in development, phonetic
learning is produced through infants’ sensitivity to the distributional patterns
of language input to the child (Kuhl, Williams, Lacerda, Stevens, & Lindblom,
1992; Maye, Werker, & Gerken, 2002) and the exaggerated cues of infant-directed
speech (Burnham, Kitamura, & Vollmer-Conner, 2002; Kuhl et al,, 1997; Liu,
Kuhl, & Tsao, 2003; Liu, Tsao, & Kuhl, 2007). We argue that distributional cues
are exaggerated by infant-directed speech, and therefore that the two factors work
in concert as agents of change in phonetic perception during Phase 2. Recent data
show prominent distributional differences across languages (Werker etal., 2007).
As diagrammed in NLM-¢, infants form phonetic representations that are stored
in memory based on the distributional patterns (exaggerated by infant-directed
speech) contained in language input.

Phonetic learning for various contrasts will vary depending on the availabil-
ity of information about the contrast in language input. As diagram med, pho-
netic learning occurs earlier for vowels than consonants (e.g., Best & McRoberts,
2003; Kuhl et al., 1992; Polka & Werker, 1994; Werker & Tees, 1984), a difference
that could reflect the availability of exaggerated cues in infant-directed speech—
consonants are not as easily exaggerated as vowels, because exaggeration can
change the category (e.g., stretching the formant transitions of /b/ eventually
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produces /w/). Alternatively, there may be differences in the availability or
prominence of distributional differences for consonants (e.g., consonants like
/th/ occur in function words, which are lower in energy and do not capture
infant attention; see Sundara et al., 2006). Individual infants should be affected
by the quantity and quality of language input they hear and its exact properties
Detailed studies will need to be done to test these hypotheses. .

Our findings suggest that phonetic learning, as described in Phase 2—rather
than infants’ simpler abilities in Phase 1—is the factor associated with advanced
language. Infants whose native language perception skills increase are learning

from language input, whereas infants who remain good at nonnative perception
have not yet begun the phonetic learning process. Group data show that native
language speech perception increases between 6 and 12 months of age but alse
that variability exists (Kuhl et al., 2006; Tsao et al., 2006)—exploiting the vari-
ability revealed that infants who learn native language patterns more quickly also
advance more rapidly toward language.

What causes the substantial variability we observed in the onset of phonetic
learning? One possibility is that maturational factors are responsible. We have
argued that the “opening” of the critical period for phonetic learning may reflect
a maturational component, and this could vary across infants (Kuhl, Conboy,
et al., 2005; Kuhl et al., 2008). Maturation of the human auditory cortex between
the middle of the first year of life and 3 years of age shows the development of
axons entering the deeper cortical layers from the subcortical white matter—
neurofilament-expressing axons appear for the first time in the temporal lobe, with
projections to the deep cortical layers of the brain; these axons would provide the
first highly processed auditory input from the brainstem to higher auditory corti-
cal areas (Moore & Guan, 2001). The temporal coincidence between this cytoar-
chitectual change and infants’ phonetic learning provides a possible maturational
cause for the onset of phonetic learning, and its timing could vary across infants.

Environmental factors could also play a role in the variance seen in the onset
of initial phonetic learning. Liu et al. (2003; see also Liu et al., 2007) established
an association between mothers’ use of the exaggerated pronunciation of speech
typical of infant-directed speech and infants’ abilities to discriminate phonetic
contrasts. The association was observed with two independent samples of mother-
infant dyads, one with infants aged 6-8 and a second with infants at 10-12 months
of age. We posit, therefore, that infants’ phonetic learning skills could also depend
on the linguistic environment in which infants are developing; those with richer
linguistic environments should advance toward language more quickly.

What role do auditory and cognitive factors play in phonetic learning? Good
auditory resolution of the cues that underpin phonetic contrasts is essential to
native language phonetic learning. An auditory skill that has been suggested as
critical to language is rapid auditory processing (RAP), and relative skill has been

shown to predict language disabilities as well as language development in typical
children (Benasich & Leevers, 2002; Benasich & Tallal, 2002). It is important to
note, however, that a basic auditory skill like RAP cannot explain our differen-
ial future language predictions using native and nonnative phonetic contrasts.
If better auditory resolution alone were responsible, native and nonnative
phonetic perception would predict later language in the same direction. The pho-
netic prediction effects we have seen must therefore go beyond auditory skills.
[he NLM model posits a role for auditory resolution in the ability to hear the
relevant phonetic differences in native language speech in Phase 2; the fact that
infant-directed speech increases the acoustic distance between native language
phonetic units should make it easier for infants to do so (Burnham et al., 2002;
Kuhl et al., 1997; Liu et al., 2003, 2007).

Similarly, cognitive abilities are linked to various aspects of communicative devel-
opment (e.g., Bates & Snyder, 1987; Gopnik & Meltzoff, 1987; Thal, 1991; Tomasello
& Farrar, 1984), and research suggests that cognitive abilities that tap attentional
or inhibitory control are specifically related to performance on nonnative (but not
native) speech perception tasks (Conboy, Sommerville, & Kuhl, in press; Diamond,
Werker, & Lalonde, 1994; Lalonde & Werker, 1995). Infants’ capacity to discriminate
nonnative contrasts declines but remains above chance at the end of the first year
(Kuhl et al., 2006; Rivera-Gaxiola, Silva-Perayra, et al., 2005; Tsao et al,, 2006)—
cognitive control may explain how infants refrain from attending to nonnative con-
trasts that they can discriminate (see Conboy et al., in press for discussion). We note
that bilingual children, whose language environments require them to “switch”
between languages, develop inhibitory control to a greater extent than monolingual
children (Bialystok, 1999; Carlson & Meltzoff, 2008). Early speech perception may
be one mechanism through which this “bilingual advantage” emerges.

Social Factors in Phonetic Learning

Social interaction is posited to play a major role in phonetic learning in Phase 2
of NLM-e, placing early language learning ina neurobiological context. Mimick-
ing effects seen in songbirds (see Doupe & Kuhl, 1999 for review), we have shown
that social interaction is effective in enhancing phonetic learning in infancy
(Kuhl et al., 2003). We used a foreign-language intervention design to examine
the role of social interaction in phonetic learning. The study showed that infants
exposed to a second language in a social setting for the first time at 9 months
showed extraordinary ability to learn over 12 sessions. However, the study also
showed that infants did not learn via a conventional TV or audio recording.
Infants showed no learning when exposed to the same material. Learning in the
social condition was robust and durable. Behavioral tests of infant learning were
conducted 2-12 days (median = 6 days) after the final language-exposure session,
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and ERP tests were conducted between 12 and 30 days (median = 15 days) after
the final exposure session, with no observable differences in infant performance
as a function of the delay (Kuhl, Coffey-Corina, & Padden, 2007).

In further tests using exposure to Spanish, ERPs were used to test learning of
both phonetic units and words in 11-month-old infants after exposure to Span-
ish speakers in natural play sessions (Conboy & Kuhl, 2007). The results show
learning of both Spanish phonemes and words. Moreover, the study was designed
to test the hypothesis that social interaction between the infants and their Span-
ish tutors during the exposure sessions would predict the degree to which indi-
vidual infants learned phonemes and words (Conboy, Brooks, Taylor, Meltzoff,
& Kuhl, 2008). This hypothesis was also confirmed. Infants’ overall attention
during the exposure sessions and specific measures of shared visual attention
between the infant and tutor surrounding the introduction of new toys predicted
the degree to which individual infants’ ERPs reflected learning of Spanish pho-
nemes and Spanish words. Attention also plays a role in simpler distributional
learning experiments in the laboratory (Yoshida, Pons, Cady, & Werker, 2006),
and joint visual attention predicts aspects of language, such as the number of
words produced (Baldwin, 1995; Baldwin & Markman, 1989; Brooks & Meltzoff,
2005; Meltzoff & Brooks, this volume; Tomasello & Farrar, 1986). The results of
Kuhl et al. (2003), Kuhl & Conboy (2007), and Conboy et al. (2008) suggest that
social interaction may be critical to phonetic learning in early infancy. In com-
plex natural communicative settings, social interaction may effectively “gate” the
computational mechanisms underlying learning (Kuhl, 2007),

The Spanish exposure experiment also provides support for the idea that cog-
nitive control skills can be advanced by exposure to a second language (Bialystok,
2001; Carlson & Meltzoff, 2006). In our study, pre- and post-exposure cognitive
control comparisons showed that 12 sessions of Spanish exposure improved cog-
nitive control skills in the infants whose ERPs demonstrated phonetic learning
(Conboy & Kuhl, 2007). Understanding how complex systems—linguistic, social,
and cognitive—interact in language learning will be a challenge for language
research during the next decade.

Exploring how multiple factors affect infants’ developing language skills has
practical implications. Measures of speech perception, both phonetic abilities
and a social interest in speech, may provide early markers of language disorders,
such as autism (Kuhl, Coffey-Corina, Padden, & Dawson, 2005). Understanding
how early measures, alone and in concert, predict future language will require
a comprehensive study that measures simultaneously a variety of skills in
infants—basic auditory abilities, cognitive skills, social understanding, phonetic
perception, and the ability to detect distributional patterns and statistical
cues—in a longitudinal study that examines the individual and joint effects
of these factors on language development and on brain development. Multiple
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factors are expected to play a role in language acquisition (Hollich, Hirsh-Pasek, &
Golinkoff, 2000). A comprehensive study using multip_le measures on a iu.rge
cohort of infants is now warranted given the results of these st.udles showing
continuity between early speech perception and later language skills. .

NLM-e also indicates a link to speech production that is forged during Phase
7 (see Kuhl et al., 2008, for details). Infants develop connections between spee.ch
productionand the auditory signals it causes during development as they practice
and play with vocalizations and imitate lhos.e they hear (Kuhl & Meltzof'}, 1996).
As speech production improves, imitation of the learned patterns stmjed_ in mem-
ory leads to language-specific speech production. Our new work on infants uses
infant magnetoencephalography (MEG) to explore the linkage between speech
perception and production (see also Dehaene et al., 2006; Imada et al., 2006). .

By the end of Phase 2, infant perception is altered; native language phonetic
luarl.]ing has begun the neural commitment process, and this propels infants for-
ward toward more complex forms of language.

NILM-¢: Phase 3

In Phase 3, enhanced speech perception abilities could advance language by
improving three interdependent skills that promote word learning:

1. The detection of phonotactic patterns (Friederici & Wessels, 1993; Mat-
tys, Jusczyk, Luce, & Morgan, 1999)

. The detection of transitional probabilities between segments and sylla-
bles (Goodsitt, Morgan, & Kuhl, 1993; Newport & Aslin, 2004; Saffran,
Aslin, & Newport, 1996)

3. The association between sound patterns and objects (Stager & Werker,

1997; Werker, Fennell, Corcoran, & Stager, 2002)

=

At this stage, phonetic learning would assist the detection of word patterns, and
the learning of phonetically close words would be expected to sharpen awa reniess
of phopetic distinctions (see Swingley & Aslin, 2007). Each of these sk:ll?%—
detection of phonotactic patterns, detection of word-like units, and the resolution
of phonetic detail in early words—may themselves predict future language, and
recent studies pmvide some retrospective data (Newman, Bernstein Ratner,
Jusczyk, Jusczyk, & Dow, 2006).

NLM-¢: Phase 4

By Phase 4, the model indicates that analysis of incoming language has produced
relatively stable neural representations—that is, new utterances @o not cause
shifts in the distributional properties coded neurally. In early infancy, neural
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networks are not stable, and learning is not restricted. Infants are thus capable
of learning from multiple languages, as shown in most of the world’s countries
and also as shown by experimental interventions (Conboy & Kuhl, 2007; Kuhl
etal,, 2003; Maye et al., 2002). In adulthood, representations are stable, and new
learning is more difficult—unlike in infancy, exposure to a new language does
not automatically produce learning. The principle underlying the model is that
the degree of “plasticity” in learning the phonetics of a second language depends
on the stability of the underlying perceptual representations.

The model raises interesting questions about our current language prediction
data. Learning and flexibility are in a trading relationship; infants who move
more quickly toward native language phonetic learning are becoming less flexible
in the process (though early neural commitment to native language patterns is
unstable and therefore forms a relatively soft constraint on learning). The model
predicts that all learning affects the system’s future capacity to learn, and the
effect is predicted to work in both directions; infants who are slower to learn
native language patterns remain more flexible and may more readily learn from
second-language exposure.

PREDICTIONS OF THENLM-E MODEL
Predictions for Bilingual Learners

The NLM-e model predicts that phonetic development follows the same prin-
ciples for two languages that it does for a single language. Bilingual infants learn
through the exaggerated acoustic cues provided by infant-directed speech and
through the distributional properties of the two languages, as do monolingual
infants. Phonetic exaggeration and the distributional properties of the two lan-
guages differ, and these properties would provide infants a means of separating
the two streams of input.

According to the model, the development of representations in Phase 2 could
require a longer period of time for bilingual learners than for the monolingual
case. Infants learning two first languages simultaneously might thus be expected
to reach the developmental change in perception at a later point than infants
learning either language monolingually. Bilingual infants could remain in Phase
2 for a longer period of time because it takes longer to experience enough data
from both languages to permit alteration of infant perception; this could depend
on factors such as the number of people in the infants’ environment producing
the two languages in speech directed toward the child and the amount and qual-
ity of the infant-directed speech they provide.

As in the case of monolingual exposure, social factors would be expected to
play a role in bilingual learning and could in fact be argued to assist learning. In
some cases of simultaneous bilingualism, different people speak the two languages

4
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to which the infant is exposed. If the social settings in which exposure to the two
languages occurs also differ, greater separation between the distributional prop-
crties of the two inputs would be achieved. At present there is no evidence of an
advantage for such “one person, one language” approaches to bilingual language
socialization over approaches in which infants hear both languages from the
same people or over situations in which parents frequently code-switch between
languages; this is clearly a matter for future research. Code-switching and mix-
mghare common practices in many bilingual communities, and it has been shown
lh:li a strict separation of languages is difficult for many families (Goodz, 1989).
Iven in mixed-language situations, infant-directed speech could exaggerate dit-
ferent aspects of the two languages, assisting infants’ mapping of features that
are relevant for each of the two languages. We note that the differential effects we
observed in predicting future language from infants’ early native and nonnative
speech perception would also be expected to apply to bilingual infants, though
to see the pattern of predictive correlations that we observed, a third language
to which the infants have not been exposed would have to be tested. Phonetic
contrasts from both languages to which bilingual infants are exposed should
correlate positively with later language; a third language, to which infants are not
exposed, would be expected to show the opposite pattern.

There are little data on speech perception in infants exposed to two languages
simultaneously early in development, and the data are mixed with regard to the
question about the timing of the transition in perception. Some studies show
later acquisition of language-specific phonetic skills (Bosch & Sebastian-Galles,
2003a, 2003b). This is especially the case when infants are tested on contrasts
that are phonemic in only one of the two languages; this has been shown both for
vowels (Bosch & Sebastian-Galles, 2003b) and consonants (Bosch & Sebastian-
Galles, 2003a). However, other studies report no delay in the development of
phonetic skills in the two languages of bilingual infants (Burns, Yoshida, Hill,
& Werker, 2007; Sundara, Polka & Molnar, in press). Data from an ERP study of
Spanish-English bilingual infants show that at both 6-9 and 9-12 months of age,
bilingual infants show negativities in response to both Spanish and English pho-
netic contrasts (Rivera-Gaxiola & Romo, 2006), distinguishing them from Eng-
lish-learning monolingual infants who no longer respond to the Spanish contrast
at the later age (Rivera-Gaxiola, Silva-Pereyra, et al., 2005).

An experiment that will help answer the question with regard to whether
bilingual infants take longer to show the developmental transition in phonetic
perception is a study on bilingual infants that mirrors our recent studies on
monolingual infants (e.g., Kuhl, Conboy, et al., 2005; Kuhl et al., 2008). In the
monolingual studies, an increase in native language performance and a decline
in nonnative phonetic performance serve to indicate that infants are no longer
in the initial phase of development in which all phonetic distinctions are treated

233
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similarly (ibid.). To show a decline in bilingual infants a third phonetic contrast,
one to which the bilingual children have not been exposed, must be used at the
10-12-month-old age to test the hypothesis that the bilingual infants are no lon-
ger in Phase 1 of development. If tests on bilingual infants at 10-12 months reveal
the decline typically observed in response to contrasts to which the infant is not
exposed, it would signal that bilingual children transition from the initial phase
(Phase 1) to Phase 2 at the same point in development as monolingual children.
However, if a decline is not observed in the third phonetic contrast, it would
indicate that bilingual infants remain in Phase 1 of development—phonetically
“open” for a longer period of time, due perhaps to the fact that it takes longer to
map two distinct sets of phonetic cues (see Kuhl et al., 2008 for discussion). Such
studies are now under way in our laboratory.

Predictions on the Durability and Robustness of Learning

The NLM-e model posits that social interaction results in learning in natural set-
tings that is more robust and durable; in other words, we suggest that learning in
social settings is in some sense more potent and enduring. There are two reasons
to suggest that social factors affect learning in this way. First, our own data sug-
gest some degree of durability; infants in the Mandarin exposure studies (Kuhl
et al., 2003) returned to the laboratory between 2 and 12 days (median = 6 days)
after the final exposure session to complete their behavioral Mandarin discrimi-
nation tests and between 12 and 30 days (median = 15 days) to complete their
ERP tests (Kuhl et al., 2007). Analysis showed that delays of this magnitude had
no effect on infants’ performance. These data suggest that natural language expo-
sure produced durable effects, with a month-long delay in the measures of learn-
ing showing no change.

Infants in the exposure experiment would nonetheless be expected to show
a “forgetting function” eventually, because 5 hours of listening experience to a
new language would not be sufficient to undo the representations built up over
the previous 9 months of life. Memory for the 1-month experience of Mandarin
could, however, prompt more rapid learning later in life than would be the case if
never exposed to Mandarin. Neural modelers suggest that short-term learning of
new phonetic contrasts is initially perceptually separated and therefore produces
learning without undoing the representations formed by long-term listening to
one’s primary language (Vallabha & McClelland, 2007).

Adopting a neurobiological framework, song learning in birds also indicates
that social interaction extends the period of learning and produces learning that
is more robust and durable. Richer social environments extend the duration of
the sensitive period for learning in owls and songbirds (Baptista & Petrinovich,
1986: Brainard & Knudsen, 1998). Social contexts affect the rate, quality, and
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retention of song elements in songbirds’ repertoires (West & King, 1988). The idea
(hat social interaction affects learning in this way can be experimentally assessed
by systematically measuring the “forgetting function” for learning under condi-
ziigns in which the complexity of the input (conversational language from mul-
tiple talkers as opposed to 2-minute syllable presentations in the laboratory) as
well as the degree of social interaction that the learning paradigm incorporates,
will allow us to test this hypothesis.

Predictions Regarding the Mechanism Underlying
2 “Critical Period” at the Phonetic Level

Languageand the “critical period” have long been associated (Bialystok & Hakuta,
1994; Birdsong & Molis, 2001; Flege, Yeni-Komshian, & Liu, 1999; Johnson &
Newport, 1989; Lenneberg, 1967; Newport, Bavelier, & Neville, 2001; Weber-
Fox & Neville, 1999; Werker & Tees, 2005; Yeni-Komshian, Flege, & Liu, 1999).
As described in recent publications, the views laid out in NLM-e may provide a
clue to the mechanisms underlying a “critical period” at the phonetic level for
language (Kuhl, Conboy, et al., 2005). NLM-e indicates that phonetic learning is
associated with a decline in phonetic flexibility, suggesting that experience, not
simply time, is a critical factor driving phonetic learning and perception.

Bruer (2006) recently discussed the need to separate studies that focus on iden-
tifying the phenomena and optimum periods of learning in various domains (see
also Bateson & Hinde, 1987; Hess, 1973; Lorenz, 1957) from experimental tests that
explore the explanatory causal mechanism that underlies a critical period for lan-
guage. Thus far, our work (Kuhl, Conboy, et al., 2005; Kuhl et al., 2008) has focused
on the mechanism question, which requires a different kind of experiment—one
that differentiates the role of maturation and the role of experience. Both the matu-
rational view (Bialystok & Hakuta, 1994; Birdsong & Molis, 2001; Flege et al., 1999;
Johnson & Newport, 1989; Lenneberg, 1967; Newport et al.,, 2001; Weber-Fox &
Neville, 1999; Yeni-Komshian et al., 1999) and the experience/interference view
(Iverson et al., 2003; Kuhl, 1998, 2000, 2004; Seidenberg & Zevin, 2006) are sup-
ported by experimental data on first- and second-language learning,.

Our data link native language phonetic learning and nonnative decline—both
brain and behavioral measures show that the two are significantly negatively
correlated, indicating that as native learning ensues nonnative perception is
correspondingly reduced in individual infants (Kuhl, Conboy, et al., 2005; Kuhl
et al., 2008). What explains this association?

We are exploring two possibilities. If phonetic features form an oppo-
sitional network, as is the case in vision, native language phonetic learning
could directly inhibit nonnative learning. Testing this hypothesis requires
testing a number of different native and nonnative contrasts to examine the

oL
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generality of our findings. Thus far, the negative correlation has been con-
firmed for one native contrast (stop consonant place) and two different nonna-
tive contrasts (a Mandarin affricate-fricative and a Spanish voicing contrast),
but more contrasts need to be tested. Another possibility is that at a par-
ticular point in time infants are sensitive to the distributional cues in lan-
guage input and this explains the patterns of correlation we have observed,
Both explanations would also produce the dissociation between native and
nonnative contrasts that we have observed. Further work at the phonetic
level will be necessary to determine how learning the set of phonetic con-
trasts appropriate for one language affects future learning of the phonetic
contrasts of a new language, and this will contribute to our understanding
of the mechanisms underlying critical period phenomena at the phonetic level
of language with potential implications for other levels of language.

CONCLUSIONS

The studies reviewed here suggest continuity between infants’ early speech
perception skills and their later language abilities. Infants’ early abilities to
discern differences between native language phonetic contrasts predict their
rate of growth for words, phrases, and sentences, suggesting that the variabil-
ity observed in infants’ phonetic skills are not “noise” and instead represent
meaningful differences in early linguistic skills that provide a pathway toward
language. The fact that our studies show that both native and nonnative speech
perception predict later language, but in opposing directions suggests that it is
neither infants’ general auditory nor their general cognitive skills but instead
their phonetic learning abilities that affect language growth. These findings have
both theoretical and practical value. A theoretical model, NLM-e, uses the con-
cept of neural commitment to explain early speech perception development and
makes predictions about bilingual learning and the roles of social and cognitive
factors on the mechanisms of phonetic learning. From a practical standpoint, the
results suggest that infants’ phonetic perception skills may serve as early markers
for various disorders of language, including autism, dyslexia, and specific lan-
guage impairment.
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13

Early Word Learning
and Categorization

Methodological Issues and
Recent Empirical Evidence

LeSLIE B. COHEN AND JASON BRUNT

The ability to use words to stand for object categories is one of the most fundamental
language-related behaviors. It is an ability upon which the use of language is
founded, and it is one of the first signs of language development that parents witness
in their children. Infants may use their first words as early as 12 months of age, and
by 24 months of age most children are masters of this ability. They may then make
their first forays into more complex linguistic behaviors like sentence construction
that depend on the ability to assign words to object categories. It may be surprising,
then, that the ability of researchers to experimentally explore the earliest stages of
the relationship between words and categories has itself been so late in developing,

METHODS OF ASSESSING WORD-OBJECT ASSOCIATIONS

Within the last decade, two complementary methods have been used to explore
infants’ ability to associate labels' with objects below the age of (18) months: the
switch design (Werker, Cohen, Lloyd, Casasola, & Stager, 1998) and the intermodal
preferential looking paradigm (Schafer & Plunkett, 1998). Werker et al. employed
the switch design to test infants’ ability to associate words with objects.

The Switch Design

[n the switch design, infants are habituated to two word-object pairs, one pair
per trial. Once they are fully habituated to the two pairs (i.e., looking time falls
below a predefined criterion), they are shown a novel pairing that consists of
a word from one of the habituation pairs and the object from the other pair.
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