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Early Language Acquisition:

Neural Substrates and

Theoretical Models

PATRICIA K. KUHL.

ABSTRACT  Infants learn languagers) with apparent casc, and the
tools of mudern neuroscience dre providing valuable information
about the mechanisms that underlic this capacity. Noninvasive, safe
brain technologics have now been proven feasible for use with
children starting at birth, and studies in the past decade at the
phonctic, word, and sentence levels have produced an explosion
in neuroscience rescarch examining voung children’s language
provessing. At all levels of language, the ncural signatures of
learning can Ie documented at remarkably early points in develop-
ment. Importantly both for theory and for the eventual application
of thix work 1o the diagnosis and treaunent of developmental dis-
abilities. early brain measures of infants’ responscs to phonetic dif-
ferences arce reflected in infants” language abilities in the second
and third year of life. Developmental neuroscience studies using
language are beginning to answer questions about the origins and
developnent of hasnan’s language faculty.

Infants begin hite with the capacity to detect phonetic distine-
nons across all Ianguages, and they develop a language-
specif phonetic capacity and acquire carly words before
the end of the fivst vear {Jusceyk. 1997; Kubl, Conboy,
Padden. Rivera-Gaxiola, & Nelson, 2008: Werker & Curtin,
20051 A major question remains, however: Do infanty’
mitial capacities and their ability to learn effortlessly from
exposure to language reflect domain-specific mechanisms
that operate exclusively on linguistie data or mechanisms
that operate on more general learning mechanisms? In a
classic debate, a nativist and a learning theorist took very
different positions regarding the innate state and the natre
of learning regardimg language. Noam Chomsky (1959
argued that infants” innate capacities and the maaner in
which language was acquired were unique to language and
1o humans, while B. J. Skinner (1957} asserted that neither
the intial state nor the manner iy which language was
learned wias unique.,

The tools of modern developmental neuroscience are
bringing us closer 1o addressing these issues and may one
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day help resolve the classic debate about the interaction
between biology and cultare that produces the human
capacity for language. Neuroscientific studics will also
provide valuable information that may allow us to diagnose
developmental disabilities at a stage in devclopment when
mterventions arc more likely w improve children’s lives.

Remarkable progress has been made in the last decade in
scientists” abilities to examine the young infant brain while
s awner processes language, reacts to social stmuli such
as faces, listens w musie, or hears the voice of the child’s
mother. This review focuses on the new techniques and what
they are teaching us about the carliest phases of language
acquisition.

Neuroscientilic studies on infants and young children now
extend from phonemes o words to sentences. These studiex
fuel the hope that an understanding of development in typi-
cally developing children and in children with developmen-
tal dicabilities will be achieved. Studies show that exposure
o language m the first year of life begins to set the neural
architecture m a way that vaults the infant forward in the
acquisition of Janguage. The goal in this chapter is (0 explore
what we have learned about the neural mechanisms that
underlie language in typically developing children, and how
they differ in children with developmental disabilitics that
involve language such as autism.

Newroscience technques measure language processing
in the young brain

Rapid advances have been made o the development of
noninvasive wehnigques to examine language processing
in infants and young children (figure 57.1). These methods
includce electrocncephalography (EEG)/event-related poten-
vals (ERPs;, magnetoencephalography MEG). functional
magnetic resonance  imaging (MR}, and near-intrared
spectroscopy (NIRSL ERPs have been widely used o study
speech and language processing in infants and voung
children {for weviews see Conboy, Rivera-Gaxiola, Silva-
Pereyra. & Kuhl. 2008: Friederici, 2005; Kubl, 2004; Kuhl
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Neuroscience techniques used with infants
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Fisvre 370 Four neurosaence technigques now used with infants and voung claldeen o cxamine the brain's respropses o lingaistie signals.
(From Kuhi & Rivera-Gaxiola, 20083

& Ruvera-Giaxiola, 2004, Event-related potentials (ERPs), a ERPs provide precise e resolution anilliseconds), making
part of the BEG| refleor clectrical acuvity that is tme-locked them well suited for studving the high-wpeed and temporally
1o the presentdion of a4 specific sensory stimulus {e.g., sylia- ordered struvture of haman speech. ERP oxperiments
bles, wordst ar a cogninve process recouniton of a semantic can also be carried cut in populartions who, because of age
violation within 4 sentence or phrasel. By placing sensors on or cognilive impairinent, sannot provide overt responses.
a child's walp. the aetivity of neural networks fieing ina Spadal resolution of the <ource of brain activation s,
coordinated and synchronous fashion in open field con- however, limited.

fgwrations van be mesured, and voltage changes occurring Mapnetoencephuslography  (MEGH v anuthier brain-
as o fine tion of cortical neural activity can be detected. imaging techniue tt wacks activity i the brain with
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MEG (as well as EEGY
techniques are sale and and noiseless, allowing data collec-
tion while infans listen to kinguage in a quiet environment,
The SQUID superconducting guantum mterference deviee?
sensors located within the MEG helmet measure the minute
magnetie fields assoctated with electrical currents that are
produced by the bran when it i performing sensory, motor,

exquisite tempuoral resohition

or cognitive tasks, MEG allows precise localization of

the neural curremis responsibile for the sources of the mag-
netic felds, and it has been vsed to test phonetic diseri-
minatiem in adulls (Kujala, Alho, Service, Hmoniemi, &
Connolly, 20042

Recently a genuine advanee was documented by the firs
MEG studies testing awake infants i the first vear of life
{Bosseler et ab.. 2008; Cheour eval., 2004; Imada et al., 2006,
2008). In these studies, the use of sophisticated head-tracking
software and hardware allows correction for infants’ head
movements, so infants are free to move comifortably during
the tests. MEG studies allow whole-brain imaging duriog
speech discrimination, which Is now providing data on the
location and timing of brain activation in critical regions
{Broca's and Wernicke'sy involved in language acepsition
{sve Hosseler et al; hoada et al, 2008, 2008).

MEG and/or EEG can be combined with magnetic reso-
nance maging (IMRI} a technique that provides statie strue-
tral/anatommcal pictires of the brain, Using mathematical
madeling methods, the specific brain regons that produce
the magnetic or electrical signals can be identified in the
huinan brain with high spacal resolution millimeter?. Stac-
wiral MRIs allow measurement of anatomical changes in
white and gray matter in specific brain regions across the Tife
span. MRIs can be superimposed on the physiological activ-
ity detected by MEG or EEG o refine the spatial locatiza-
tion of brain activities for individual participants.

Functional nwagnetic resonaner imaging (MR s now
considered a standard method of neuroimaging in adults
beeause it provides high-spaiial-resolution maps of neural
activity across the entire brain {c.g., Gernsbacher & Kachak.
2003). However, unlike EEG and MEG, IMRI does not
dircetly detect neural activity, but rather the changes in
blood oxygenation that occur in response to neural activa-
tion/diring. Neural events lappen in milliseconcds, while the
blood-oxygenation changes that they induce are spread out
over several seconds, thereby severely limiting fMRT's tom-
poral resclution. Adult studies are employing new MR
data-analvsis methods for speech stimuli and correlating the
MR data to behavioral data. For example, Raizada, Twao,
Liu, and Kuhl {2009, using a multivarizte pattern classifier.
showed that English - but not Japanese - speakers exhibited
distinet neural activity patterns for /ra/ and /la/ in primarnr
auditory cortex. Sulygects whe hehaviorally distinguished
the sounds most accurately wse had the most distinet nearal

activity patferns,

Functional MRI techniques would be very vahuable with
mfants, but few studies have attempred MR with infanw
{Dehuenc-Lamberiz, Dehaene, & Herte-Pannier, 2009,
Dehaene-Lambertz, Hertz-Pannier, Dubois, Meriaux, &
Raoche, 2006% The technigue requires subjects to be per-
fectly still. and the MRI device produces loud sounds making
1t aecessary 1o shicld mfams’ ears while delivermyg language
stimuli,

Near-infrared spectroscopy (NIRS) also measures ceve-
bral hemodynamic responses in relation o neural activity,
but employs the absorption of hight, which is sensitive to the
conveatration of hemoglobin, to measure actpvation (Adin
& Mehler, 2005 NIRS utilizes near-infrared light to measure
changes in blood oxy- and deoxvhemoglobin concemtrations
in the brain as well as total blood volume chianges in various
regions of the cerebral cortex. The NIRS systern can deter-
mine where and how actdve the specific regions of the brain
are by continuowsly monitoring blood hemoglobin levels,
and reports have begun to appear on infants in the first
two vears of life (Bortfeld, Wruck, & Boas, 2007; Homac.
Watanabe, Nakano, Asakawa, & Taga, 2006. Pena ¢t al,,
2003; Taga & Asakawa, 2007}, Homae and colleagues, for
example, provided dats using NIRS that suggest that sleep-
ing 3-month-old infants process the prosedic indormation in
sentences in the right temporoparictal region, As with other
technigues relving on hemodynamic changes such as TMRIL
NIRS does not provide good emporal resolution. One of
the most important uses of this techmique is that coregistra-
tien with other testing wehmiques such as EEG and MEG
may be possible.

The use of these rechniques with infants and young
children has produced an explosion of neuroscience studies
using stimuly that tap all fevels of languuge - -phoneme. word,
and semience. In the next sections, examples of recent find-
ines will be desenibed 1o give a sense of the promise of neo-
roscienee for the study of Janguage acquisition 1 children.

Neural signatures of phonetic learntng in pically
developnng children

Pereeption of the basic units of specch—the vowels and
consonants that make up words—Iy one of the most widely
studied behaviors in infancy and adulthood, and siudies
using ERPs have advanced our knowledge of development
amd learning.

Behavioral studies demonstrated that at birth young
nsfants exhibit a universal capacity to detect diflerences
between phonetie contrasts used in the world's lunguages
{Eimas, "Siquclmu}, Jusczyk, & Vigorito, 1971 We have
referred to this as Phase | in development (Kuhi et al., 2008
Thix universal capacity is dramaticadlyv aliered by language
experience starting as early as 6 months for vowels and
by 10 months for consonants over tme, native languaee
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phonetic shilities significanddy increase {Cheour ot al,, 1998;
Kuhl et at., 2006: Kuhl, Wiliams, Lacerda, Stevens, & Lind-
blor, 1992: Rivera-Gaxiola, Stiva-Pereyra. & Kuhl, 2005;
Sundara. Polka, & Genesee, 20067 while the ability o dis-
criminate phareetic conrrasts that are not relevant © the
tanguage of the cnfure declines {Best & McRoberts,
20003 Chepur et al., 1998; Kuhl et al., 2006; Rivera-Gaxiola.
Silva-Pereyra, ce al., 2005%; Werker & Tees, 19841,

By the end of the first vear. the infant brain is no longer
universally prepared for all languages, but prined {0 wequire
the speditic onels) to which they have been exposed. We vefer
to this as Phase 2 in infant phonetic development (Kahl
et al,, 2008} The explanaton of this transiton fom Phase
b 1o Phase 2 has becomne the focus of intense study because
it Hlustrates the interactuion hetween biology and culoure--
between infants’ inial state and infants” ahilities o learn.
Speech offers the appuctunity to study the hrain's ability to
be shaped implicitly by experience.

Kuhl and colleagues (2008} examined whether the transi-
tion in phonetic perception from a language-general abnlity
tu 2 language-specilic one  trom Phase 1 to Phase 2-- can
be linked to the growth of language. The waork provided a
crinical test stemming trom the natve language nearal com-
mitment (NLNCGY hypothesis (Kuhl, 20045 According o
NLNC, mitul nedive language learning wvaolves newral com-
mtment 10 the patterned regularides contained in ambient
speech, with bidireetional effects: nearal coding facifitates
the detection of more complex language units fwords) that
build on initial learning, while simnltancously reducing
attention 10 allernate patterns, such as those of a loreign
fanyuaye.

This ormulation suggests that infants with excellene pho-
nene fearning skills should advance morc quickly toward
language. In contrast. foreign-lunguage phonetic perception
reflects the degree to which the infant brain remains un-
committed to native-language patterns—still in Phase | as
it were—at a more universal and immature phase of devel-
opment. Infants in Phase 1 remain “open” o nonnative-
speech patterns. As an open system reflects uncommitted
circuitry, infants who remain highly skilled at disonminating
foreign-tunguage phonetic units would be expeeted to show
a slower progression toward language.,

New ERP studies of iotants support the NLNC assertion.
tubt and colleagues {2008 sneasured infantd FRDPs at 7.5
months of age in resporsc o changes in pative (/p-t/) and
ponnative (Mandacin /¢-16°/ and Spanish /t-d/ phonemes,
The mismatch negativity MATNY, which has been shown in
adults 10 b a neural correlate of phonede discrimination
Naatanen ot al, 19974 was calculated for both she native
and notmative phoneines tor each infant. Individual varia-
tinn was observed for both native and nonnative discrimina-
tion, representing either “noise” or meaninglul differences

among infants.
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't he results supported the idea that the differences among
infuits were meaningful. MMN measurements taken at 7.3
months  for both the native and the nonnative phonetic
conirasts— predicled fater fanguage, However, and in accord
with the NLNC hypothesis, the native and sonnative
vontragis predicted language growth in opposing directions
iluhl et al., 2008}

Phe MMN component was clicited in individual infants
tfigure 57.24). Native and nonnative contrasts were mea-
sured in counterbalanced order, and the MMN was observed
Between 250 and M0 ws {Bgure 53728 For the infant
showit i higure 37.2.4, greater negativity ot the MMN, indi-
cating better neural discrimination, was shown [or the native
when compared to the nonnative phonetic contrast; other
infants showed enual discrimination for the two contrasts or
beter diserimination of the nonnative contrust. Infents’ lan-
guage abilities were measured at four later points in time;
e 8, 2k and 30 months of age using the MacArthur-Bates
Communicative Development Inventones (CDI, a reliable
and valid measure assessing lanvuage and cormmunication
development fromm 8 to 30 months of age (Fenson et al,,
14993,

The MMN measures taken at 7.5 months of age were
retated o the language measures taken between 14 and 30
months of age. For the native contrast, the strength of the
MMN thetrer discrimination) predicted aceelerated word
production at 2t months, greater sentence complexaty at 24
months. and longer mean length of utterance at 31 months
of age. In contrast, for the nonnative stimulus pair, the
strength of the MMN ar the same age in the same infanis
predicted slower fanguage development ar the same future
points in time, Behavioral (Kuhi, Conboy, Padden, Nelson,
& Pruitr, 2003} and brain measures (Kuhl e al, 2008}, col-
lected on the same wfams, were significantiv correfated.

tins pareern, showing differential effects of good discrimi-
nation fur the native and nonnative centrasts, can be readily
seeni 11 the growth of vocabulary from 1} to 30 months
{Beure 37,207 Hierarchical Linear Growth Curve modehing
(Raudenbush, Brvk, Cheong, & Congdon, 2005} shows that
Luoth native and nonnative discrimination at 7.5 months
significantly predicts vocabulary growth, but the effecs of
good phoneric diserimination are reversed for the native and
nonnative predictors. Betrer native phaonetic discrimination
predu s acvelerated vocabulary growth, whereas better non-
tative phonetic discrinination predicts slower vocabulary
gronsth (Kuhid et al, 2008). These results support the NENC
hypothesis

Fovera-Gaxiobu and colleagues {Rivera-Gaxiola, Klarnan,
Garcla-Sierra, & Kuhl, 2005; Rivera-Gaxiola, Silva-Pereyra,
et al, 2005) demonstrated a similar pattern of prediction
using a different nonnarive contrast, Fhey recorded aaditory
ERY complexes in 7- und H-month-old American infants
in nosponse to both Spanish and English vowing contrasts.
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Froume 572 L4 A 7. 5-maonth-old infant wearing an ERP cleciro-
cap (M Infant ERP waveforms at ane sensor location {7 for one
iant are shown in response o native (English! and nonnative
{Mandaring phonctie contrast a1 7.5 months. The mismatch nega-
tiviry (MMN) & obtaiied by subiracting the standard wavelform
tblacks trom the deviant wavelorm {gray). Thas infant’s response
sugeests thiat pative-langoage Jearning has begun because the
MAMN noegative 1 respouse g0 the uative Eoglish contrast is con-
siclerably stronger {more negatnee) than that to the nonnative
canstrast (€1 Hierarchical linear growth maodeling of vocabulary
growth between [ oand 30 monghs i shown for two groaps of

Two panterns of ERP response were observed- an carly
positive-going wave (P150-230h and 2 later negative-going
wave (N250 53503 (Rivera-Gaxiola, Silva-Pereyra, et al,,
20000, Furthey work exanuned the patterns of the same audi-
tory ERP positive-negative complexes in a larger sample of
{ F-moath-old monolingual American infants using the same
contrasts used in the developmental study, and found that
infunts’ response to the nonnative contrast predicted the
nurnber of words produced at 18, 22,2527 and 30 months
of age {(Rivera-Gaxiola, Klarman, et al, 2005). Infams
showing an N250- 330 to the forcign contrast at 11 months
of age {Indexing better neural disenmination) produced sig-
nificantly fewer words at all ages when compared to infants
showing s less negative response. Sealp distribution analyses
on 7-. 1t-, 15-, and 20-month-old infants revealed that
the P150-250 and the N250- 550 componenis differ in dis-
tribation (Rivera-Giaxiola et al,, 20073 Thus in hoth Kuhi
and colleagues {2008 and Rivera-Gaxicla, Kiarman, and
colleagues {2065), an evhanced negativity in response o
the nonnative contrast is assoctated with slower language
development.

The connnuity in lunguage developinent documented in
these studies using infanty’ early phenetic skills 10 predict
later language (Kuhl, Conboy, ct al, 20053; Kuhl ¢ al,
08; Rivera-Gaxiola, Kiarman, et al.. 2003; Tsao, Lie, &
Kuhl. 2004} 15 also seen in studies that use infants’ early
pattern detection skills for speech wo predict later language

chiidren, those whose MMN values at 7.5 months indicared better
discrimination (-1 8D} and these MMN values indicated poorer
discrimination {(+1 SI)). Voecabulary growth was sigmificantly laster
for infants with better MMN phanetic discrimination for the native
cemtrast at 7.3 months of age (€L éf. In contrast. infants with better
discrimination for the nonnative contrasts (=1 813 as indicated by
MMN at 7.5 momths showed dower vocabulary growth (C, nghe.
Both contrasts predict vocabulary growth, b the ellects of betws
discrimination are reversed for the native and nonnative contrasas.
(From Kuhl & Rivera-(raxiola, 2008,

(Newman, Ramer, Jusczyk, Juscryk, & Dow, 2006, as well
as in stodies that use infants” carly processing efficiency for
words to predict later language Fernald, Perfors. & March-
man. 2006). Taken as a whole. these studies form bricges
between the early precursors o language wn mfaney and
measures of language competenows in early childhood,
bridges that are important to theory huilding as well as wo
clinical populations with developmental disabilites  that
nvolve language.

ERP studies at the phonetic level suggest that the young
brain’s response to the elementary building blocks of
language matters and that inital native language phonetic
learning is a pathway to language {Kuhl, 2008). The data
also suggest that discriminating nonnative phonete contrasts
for a longer period of time 1n carly development—reficcung
infants’ initial, more immature «ate--can be boked w
slower language development. In infamis exposed to a single
language, the ability to attend 1o changes in the phonenc
contrasts that are relevant to the culture’s language, while
at the same time reducing attention w phonetic contrases
from ather languages that are discrirninable but irrelevant
1o the lapguage of their culiure, appears 1o be an impor Gan
first step toward the acquisiion of fanguage. What neuror
science tools may allow us to do 1o the future is to smderstand
this process and its relation to the “critical period™ for lan-
guage development (see Kuahl, Conboy, et al., 2005, tor
discussion’.
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Brain measures of learning from exposure to
a second languoge

Recent studies have shown that young infunts are capable
of phonetic learning at % months of age from exposure 10 4
new language but only when exposure occurs during five
human presentation; television or audic-only exposure did
not produce learning (Kuhl, Tsao, & Liu. 2003). Souial
interaction appears (o be a crincal component for language
learning, a Hnding that tes carly communicative learning in
speech to examples of communicative learning in neurebiol-
opy more generally, as shown by the importance of social
tactors in song learning n birds {e.g., Bramard & Knudsen,
19945, T have wsed these sccond-language exposure seadies
to argue that the social brain may “gate” the computational
mechanisiis underlying language learning during the earli-
est »tages of human language acquisition (Kuhl, 2007).

The social “gating” hypothesis was tested in studies using
ERP measures of second-langauge learning (Conboy, Brooks,
Tavior, Mcltzoff, & Kuhl, 2008; Conboy & Kuhl, 2007 In
the study, Amcerican monolingual infants were exposed o
Spanish at 9 months of age by native Spanish speakers, and
their abifity to fearn both phonemes and words {rom thig
foreign-fangiage exposure was tested, The study tested the
soclab bypothesis by examining whether the intanis’ ten-
dency to interact in socially sophisticated ways during the
exposure sessions would predict the degree to which indi-
vidual infants learned both phonermes and words from the
new language.

Infants” BRPs in response to English and Spanish pho-
neines. as well as their ERP responses w Spanish words,
were measured before and after exposure to Spanish. As in
the Mandarin study, exposure consisted of live interaction
with {oreign-language “tuton” during 12 sessions, cach of
witich lasted 25 minutes. Adl sessions were videotaped using
a four-ramera system, and detailed measures of shared visual
arention berween the ifams and their tutors were taken by
an independent observer,

The ERP results demonstrated that the MMN response
to the Spanish contrast was not present before exposure, but
that folfowing exposure (o Spanish, the MMN was robust
iConboy & Kuhl, 20073, replicating the behavioral findings
in the Mandarn study (Kuh! et al.. 20031 Uhis result con-
hrms infants’ ability to learn phonetically from exposure to
a foreign language at 9 months of age, Extending these pre-
vious findings beyond phoneme learning, Conboy and Kuhl
alan showed that infants learned Spanish words that were
prosented during the exposure sessions. When compared to
Spanish words that had not been presented. infants’ ERPs
ros the Spanish words revealed the elassic components related
o known words {Gonboy & Kuhd, 20073

[he social gating hypothesis was abo <trongly supported.

[nfants” degree of social engugement  for example, the
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degree o which infants alternated their visual attention
between a newly presented tov and the tutor's eyes, as
opposed to simply focustag on the toy or on the tutor  pre-
dicted the degree of learning both for phonemes and for
words (Conhoy, Brooks, et al, 008}, In uther words, the
degree to which an individual infant interacted socially
during the 12 language sessions predicted the degree of
learning measured well after the four-week exposure was
complete (Conboy, Brooks, ecal, 2008). Gaze following has
previously been shown o predict word learning in infants
{Brooks & Meltzoff, 2008). These results show that the rela-
tionship between soctal interaction and language learming
can be demonstrated caperimentally for new learning of
fanguage material at 9 months of age. Finailly, the resuits of
the study suggest the possibility that exposure {0 a new
language provides a cognitive cnhancement. Pre- and post-
exposure measures of “cognitive conirol”—the ability to
attend selectively and inhibit prepotent responses, which has
previgusly been shown to be enhanced in bilingual adults
(Bialystok, 1999) and children (Carlson & Meltzoff, 2008 —
were also obtained from the children involved in the lan-
guage exposure experiments, These measures indicated that
cognitive control skills are erthanced after, hut noe prior to,
Spanish exposure, linking bilingoal kearning 1o the enhance-
ment ol particular cogtve skills (Conboy, Sommerville, &
Kuhl, 2068},

In sum, ERPs provide a highly sensitive measure of learn-
ing for both phonemes and words, ERP responses to speech
not only predict the growth of language over the first 30
months {Kuhl e al., 2008; Rivera-CGaxiola, Klarman, vt al.,
2005}, but are also suthiciently sensitive to reflect the subde
abilitics that contribute to infunt lewming, such as infants’
social eye-gaze following (Conboy, Brooks, et al., 2008).
Complex natural language learing may demand social
interaction, because language evolved in a social setting. The
neurobiological mechanisms underlying language likely
utilized interactiona! cues made availahle only in a social
sciting, In the future. whole-brain measures, such as those
provided by MEG, will allow us to observe brain activation
during live presentations of language versus those thag are
merely televised o explare hypotheses abowt why human
interaction is essential 10 language learning (Kuhi et al.,
2003). Moreover. using “social” robots, we are now con-
ducting studies that will define what constitutes a social agent
for a young child (Virnes, Cardillo, Kuhl, & Movellan,
2008).

Neural signatures of word learning

A sudden increase in vocabulary typically occurs between
18 and 24 months ol age—-a “vocabulary explosion™ (Fernald
et al.. 2006; Ganger & Brent, 20048 —but word Jearning
starts much carlier. nfants show recognition of their own



name at LA montds Mandel, Juseayk, & Pisond, 18950 At
£ months, infarnis ose their own names or the word Mooy
in an uteranoe o dentfy word boundaries (Bortfeld,
Morgan, Golinketl, & Rathbun, 2005 and look appropri-
atelyv 1o pictnes ol their mother or father when hearing
Mumuy or Daddy l'ineotl & Juscavk, 1999 By 7 months,
infants listen fimaey (o passages containing words they previ-
ously heard rather than passages contaimng words they have
not heired { Juscrvk & Hobne, 1997}, and by 11 months
infants prefer 0 haen to words that are highly frequent in
fangnage input over inhregaent words {Halle & de Boysson-
Bardies, 1194,

Belavioral stuchos indicate that infants learn words using
botl “stttistical learning” strategies in which the transitional
probabilitics. between syllables are exploited to denufy
ikely words INvwport & Asling 2004 Saflran, 2003; Saffran.
Aslin, & Newporto 19463 and pattern detection strategies in
which infunts use the typicat pattern of metric stress that
characterizes ambient language 1o segment running speech
mto hkehy words "Catler & Norris, 1988, Hoble, Bijeljac-
Babic, Herold, Wessenborn, & Nazzi, 2000; johnson &

Jusezvk, 2001 Novrdl lakiinova, Bertoncini, Frédonic, &
Alcantaa, 2006

How is word cecopnition evideneed in the brain? ERPs
i response to words ndex word familiarity as carly as @
meomths of wre and word meaning by 13 17 months of
age. KR wudies have shewn differences in amplitude
and sealp distribrnions for componenis that are related w
words thitt are kuown versus unknown 1o the child (Mils,
Clobev-Clorne, & Neville, 1293, 1997 Mills, Plunkett, Prad,
& Schater, 20003 Moltese, T9HE; Molfese, Morse, & Peters,
1990 Mobteso, Worzel, & Gl 19930 Phierry, Vihman, &
Raberts, 2003,

As early as 9 months of age, FERPs andicate word familiar-
iy, and by 1317 tmihss of age, stches show ERY compo-

nenis that relably senal the brain’s coding of words that
are known versias anknown by the chibd (Mills et al., 1993,
1947, 2000: Mollese vval, 1990, 1995 Thierey et al., 20031
Toddlers with larzt vocabularics tend 1o have a more
focalized and fareer N200 [or known words --they show
an enhanced negaiviis o known versus unknown words
only at tefi temporal snd parietal clectrode sites - whereas
chifelren with smaller vocabularies show more broadty dis-
wibuted effects AL ev al, 19935, features that alse distin-
guish nypically developing preschool children from preschool
children with annsny (Colfev-Corina, Padden, Kuhl, &
Dawson. 2007

Processing ellicw oy for phonemes and words can be seen
as well i the relane focalization and duration of brain
activation i ado MEG studies (Zhang, Kuhi, Imada
Kotani, & Tohkira, 20055, indicating that these features
mdex languay:s expericnee and proficiency not only
ehildren (Conlun, Rivera-Gaxiola, ot al., 2008; Friederici,

2005;, but also over the life span. Individual differences in
the response latency to a familiar word at the age of 2 are
related €0 both lexical and grammatical measures collected
between 13 and 23 months, providing more evidence thay
provessing speed is assoclated with greates language facility
Fernald e al, 20063

Mills and colleagues {2005 used FRPs in 26-menth-old
tnddlers o examine new word fearning. The children lis-
tened to known and unknown words, and tv nonwords that
were phonotactically fegal in English, ERPs were recorded
as the children were presented with novel ebjecis paired with
the nonwords. After the learning period. ERPs to the non-
words that had been paired with novel objects were shown
ter be simnidar o those of previously known words, suggesting
that that pew words may be cocoded it the same neural
regions as previously learned words.

ERP studies on German infants reveal the development
of word-segmentation strategics based on the wypieal stress
patterns of German words, When presenired warth bisvlabice
strings with either a wochaic (typical in German) or lambic
pattern, infants who heard a trochaie pattern cmbedded in
an tambic string showed the N20O ERD component, similar
w that elicited In response o a known word, whereas infants
preseated with the lambic hisvllable embedded in the
trochaie pattern showed no response (Weber, Habae,
Fricdricle. & Friederict, 20008, The data suggest thar German
infants at this age are applying a metric segmentation
strategy, consistent with the behavioral data of Hohle and
colleagues {20049,

Infants” early lexicons

There s evidence sugeesting that young children’s word
representations are phonetically underspeciticd. Children's
growing lexicons must code words by a way tha distinguishes
words from one another, and, given that by the end of
the dirst vear infants” phonetic skills are fanguage specific
(Best & McRoberts, 2003: Kuhl ¢t al,, 2006; Werker & Tees,
1984}, it was assurned that children’s early word representa-
tons were phonetically detailed. However, studies sugpgest
that learning new words taxes voung cluldren’s capaeities,
and that as a result, new word representations are not
phonetically complete.

Reactions o mispronunciations  the age al which chil-
dren no longer aceept ap for cup or beg for dog—provides
wlormation about phonological specificity, Stadies across
languages suggest that by ane year of age mispronuneiations
of common words (Fennel & Werker, 2003; Jusczvk & Aslin,
1995}, words in stressed syllables (\ thman, Nakai, DePaolis.
& Halle, 2004), ur monosyliabic words Swingley, 2005; arc
not accepted as target words, indicuting well-specified rep-
resentations. {ther studies using visual fixation of two targets
{c.g.. apple and ball} while one is named (Wheres the ball?)
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show that between T4 and 25 months chiddren’s tendencies
to fixate the rarget item when it is mispronounced diminish
over ume (Baley & Plunkett, 2002: Ballem & Plunkett 20003:
Swingley & Aslin, 20004, 2003,

However, behavioral and neural evidence suggests thai
learning new words can tax chidren’s phonological skills.
Stager and Werker {1997} demnnsirated that [4-month-old
infanes 2l w0 learn new words when similar-sounding pho-
nelic units are ssed 10 disunguish those words (“hbth™ and
“dib™. but do leam i the two new words are distinct pho-
nologically leet” and “neem”). By 17 months of age, intams
can learn to associate sunilar-sounding nonsense words 0
novel objects (Bailey & Plankett, 2002, Werker, Fennell,
Corroran, & Srager, 2002} Infants with larger vocahularies
succeeded on this task even at the younger age, suggesting
the possibility thar infants with greater phonetic learning
skills acquire new words more ragndly, congistent with studiey
showing that better native phonetic learning skills are associ-
ated with advanced word-learning skills (Kuhi, Conbay,
et ab, 20005; Kuhi et al, 2008 Rivera-Gaxiola, Klarman
et al, 2005; Tsao et al., 2004,

Miils and colleagues (2004 used ERPs to corrahorate
these results. They compared ERP responses to famabiar
words that were vither correctly pronounced or mspro-
nounced. as well as nonwords. Ac hie carliest age rested,
14 months, a negative ERP component (N200- 4003 disin-
guished known versus dissimitar nonsense words (bear versus
hobie) but not known versus phanetically simmilar nonscnse
words (hear versus gare). By 20 months. this same ERP com-
ponent distinguished correct pronunciations, mispronuncia-
rions, and nonwords, supporting the idea thar between 4

and 20 months children's phonotegical representations of
carly words becore increasingly detailed. Other evidence of

carfy processing limitations stems from infamts” failure 0
learn a novel word when its auditory label dlosely reseinbles
a word they already know {gall which closely resembies fauily,
suggesting fexical competition cffects {(Swingley & Aslin,
20071

How phonetic and word learning interact—and whether
the progression is from phonemes w words, words to pho-
nenies., or bidirectional—is a topic of strong interest that will
be aided by ihe use of neuroscientbic medhods. Recent theo-
retical models of carly language acquisition such as NIM ¢
{Kuhl et al., 2008 and PRIMER (Werker & Curtin, 2005,
suggest that phonological and word learning may bidirec-
tionally influence one another, On the one hand, infanss
with better phonetic fearning skills advance more quickh
toward language because phonetic <kills assist the detection
of phonotactic pacrns, the detection of transitional prob-
abilities in adjacent syllables, and the ability to phouologi-
cally distinguish minimally contrastive words (Kuhl, Conboy,
ot al. 2003), On the other hand, the more words children
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learn, the more crowded lexicad space hreomes, purting pres-
sure on children to attend o the phonciic units that distin-
guish them [see Swingley & Adin, 2007, for discussion).
Further seudies examining hoth phoncme and word learning
in the same children, as in the studies using exposure w a
foreign fanguage and ERP measures ws assessments of learn-
ing, will help address chis issue (Conhoy & Kuhl, 2007,

ERP research shows that the young heain has difficuity
representing phonene detail when focused on the task of
assipning a gew auditory labed (o a novel abfece, ERP results
also show that brain signatures Jdistinguish words that
are known fromn ones that are untannbiar o joddiers. KRPs
recorded to words in the Arst twa vears suggest that experi-
ence with words results in the formation of neural represen-
tations of those words that are increasingly well specified
toward the end of the second vear of life,

Newral signatures of early sentence processing

To understand sentences. the chikd nust have exquisite
phonoiogical abilities that allow segnienuanion of the speech
signal into words, and the ability o extract word meaning.
In addition, the relationship wnong words composing the
sentence-—between a subjeet, s verb, and its accompanying
abjert st he deciphered o arrive o a Iolb understanding
of the sentence. Human language s hased on the ability
o process hierarchically structured sequences {Friederia,
Fiebach, Schlesewsky, Bormkessel, & von Chamon, 2006

Electrophysiological ¢omponents have been recorded
in children and contribute 16 our knowledge of when and
how the voung brain decodes syntactc and semantic iofor-
mation in sentences. bn adults, spocitic neural systems process
senEantic versus syntactic information within sentences, and
the ERP eemponents eliciied i response o syntactic and
semantic anomalies are well establiched figure 57.3) For
cxample, a negative ERP wave occurring between 250 and
300 ms that peaks around 400 s, referred to as the N4QOD,
15 eficited to semantically anomalons words in sentences
{Rutas, 1997). A late positive wave peaking at about 600 ms
and largest at parietal sites, known as the PO, is elicited
m response to syataccally anomadous words in scotences
(Friederici, 2002} And a neygative wave over frontal sites
between 300 und 500 ms, known us the “late anterior nega-
tviey” (LANY, is ehcited in respose to syntactic and mor-
phofogical violations (Friederici, Jisnds,

Beginning in the second year of life, ERY data un sentence
processing in children supgest that aduitike components
n response to semantic and syorcode viefations can be
elicired, but also that there are difteeeaces wn the latencies
and scalp distributions of these components in children
and adules (Harris. 2001 Friederich & Fredericy, 2005,
2006, Oherecker & Friederia, 20006, Oberecker, Friednch,



e

Freovne, 77,3
palarity diffeeences in adulis, (From Kuhl & Rivera-Gaxiola, 2008.3

& Friedericn, 2000, Silva-Perevra, Conboy, Klarma, &
Kubl, 2067, Stha-Pereyra, Kiarman, Jin, & Kuhl, 2005;
Sihva-Pereyra, Rivera-Gaxiola, & Kulil, 2005} Holcomb,
Coffey. and Neville 71992 reported the N400 in response
to semantie anemaly in children from 5 years of age
w adolescence; the lateney of the effect was shown
decline svetematically with age (see also Hahne, Eckstemn. &
Friederics, 20040 Nevilie, Cottev, Holcomb, & Tallal, §993).
Stucies abwr show that symmetically anomatous sentences
elielt the PGOO m children between 7 and 13 vearns of age
Hahne ecalh

Recent studies have exannned these ERP components
in preschoel children, Harris (20013 reported an N40O-ke
effvet in 36 - 38-month-old children, which was largest over
pusterior regions of both hemispheres, unlike the adult
scalp distribution. Friederich and Friederici (2005) observed
an N400-like wave to semantic anomalies in [9- and 24-
month-old German-speaking children.

Sitva-Perevra, Rivera-Gaxiola, and Kuhl (2005 recarded
ERPs in children between 36 and 48 months of age in
response (o semantic and syntactie anomalies. In both cases
the ERP effects i children were more broadly distributed
aned elivited a dater latencies than in adubis, In work
with even younger infants (30 month olds), Sibva-Pereyra,
Klarman, and «olleagues (2003 used the same stimult and
ohserved fate positivities disaibuted broadly posterioralty in
respanse to svntactic anomalies and anterior negativities
m response 1o semantically apomalous sentences, though in
each case with longer fateneies than seen n the older chil-
dren and i adobs figure 37,4, a pattern seen repeatediy

- - HNo violation: “The woman was fesging her baby”

- Semantic violation: “Trie woman was feeding her picture”
- Syntactic violation: "The woman was feed her baby™

ERP respotses to normal sentences and sentences with either sonanic or syntacte anomalies show distinet distribution snd

and auributed 1o the nmaarites and ineficiencies of the
developing processing mechanisms,

Ssneactic processing of sentetces with semantic content
information remaved - Gubberwaocky sentences”  has also
been tesied using BRP measures with children. Silva-Pereyra
and colleagues (2007) recorded ERPs o phrase structure
violations in 3t-month-old children using sentenees in which
the content words were replaced with pseudowords while
beaving grammatical functian words tmact. The ERP com-
poncnts eheited 10 the jabberwocky phrasc-strnciore viela-
tions differed from the sume vialations in real sentences.
Two negative components, one from 750 0 900 me and the
other from 930 w0 1030 ms, rather than the pesitivities seen
in respotse 1o phrase structare vielations o real seatences
in the same childrens, were observed. Jabberwocky studies
with adulis [Canseco-Gonzaler, 2000 Hahne & Jeschenick,
2001 Munte, Matzke, & johanes, 1997) have also reported
regative-going waves for jabberwocky sentences, though a
much shorter latencies.

ERP measures of early language processing i children
with autism spectrum disorder (ASD)

Scentifu discoveries on the progression toward language by
typically developing childeen are now providing new insights
into the lnguage deticit shown by children with autism
sprotrun: disorder (ASD). Neural measures of language pro-
cessing 1 children with autism, involving both phonemes
and words, when coupled with ineasures of AST) children's
social interest in speech, are revealing s tgh: coupling
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Frovre 5704 ERP wineforins elicited from 3{-month-okd chil-
dren in response w wntences with L) sensactic of () semantic
violations. () Children’s ERP responses vesernble those of adules
see firure 370 bur have longer latencies and are more broadly
disteibuterd. (From Sibha-Perevra, Klarean, Lin, & Kuohbl, 200533

between soctal interaction skills and language acquisition.
These measures hold prormise as potential diagrostic markers
of risk for aurism in very voung children, and therefore there
is a great deal of excuement surrounding the application
of these basie measures of speech processing in very young
children with autism,

[t typically developing childven, ERP responses to simple
speoach syllables such as “pa” and “ta” predict the growth
of language 10 the age of 30 months (Kuhl et ab, 2008). It
18 therefore interesting o test whether ERP measures of
aatistn at the photctic level arve seasitive to the degree of
severity of autism, and also the degree o which the brain’s
responses ta svilables can be predicted by other factors, such
as a social interest in speech.

The first study of preschoob-aved children with ASD
using ERP methods examined phonete perception (Kuhl,
Cofley-Coring, Padden, & Dawson, 20030 ERPs to a simple
change in two speech syllables, s well as a measure of
soctal interest in speech, were taken, In these cxperiments,
a listening choiee test allowed yonny woddlers with sutism to
select hetween listening (o motherese or nonspeech signals
it which the formant frequencies of speech were matched

by pure tones the resulting signal was i tomputer warble
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that cxaedy tollowed the [requencies and amplitudes of
the =% speech saraples over tme. Slight head turas in one
direction or the other allowed the wddlers w choose their
preferred signal on each trial. The goal was o compare
performance at the group level berween typically developing
children and children with ASD, as well as to cxamine
the relatonship between brain measures of speech per-
ception and measures of social processing of speech in
children with ASD.

Comsddering Brst the ERP measures of phonetic per-
ception, the resuls showed that, as a group, children
with ASD exhibited no MMN to the simple hange in
syllables. However, when children with ASDY were sub-
grouped on the basis of their preference for infant-cirected
{10} speech {often called motherese), very different resulis
were abtained.

The results showed that while vpically  developing
children listen to both signals, children with autism strongiy
preferred the nonspeech-analogue signals, Moreover, the
degree 1o which they did so was significantly correlated with
both the severity of autism symptoms, and individual chil-
dren’s MMN responses to speech syllables. Toddlers with
ASD who preferved motherese produced MMN responses
that resembled those of wpically developing  children,
whereas those who preferred the nonspeech anadogue did
not show an MMN response 1o the chauge in a speech
syllable,

‘These results underscore the importance of a social inter-
satin sprech early i development, especially o mterest in
motherese. Rescarch has shown that the phonetic unks in
mutherese are acoustically exaggerated. makiag them more
distinet from one another (Burnham, Kiamura, & Vollmer
Conna, 2002; Englund, 2005; Kuhl et al., 1997: L, Kuhi,
& Tsao, 2003, Liu, Tsao, & Kuhl, 2007). [nfanis whose
mothers use the exaggerated phonetic pacerns 1o @ yreater
extent when lking to them show significantly better perfor-
mance in phonetic discrimination tasks (Liu et al.. 2003), In
the abyence of a listening preference for motherese, children
with autism would miss the benefit these exaggerated pho-
netic cues provide.

Indant-directed  speech brain
responses in typically developing infants, Brain measures of
typical infunts’ response to {nfant-cirected speech, used by
Pera and colleagues (2003} in the first study vsing NIRS,
showed mere activation in feft temporal areas when infants

also produces unique

were presenied with infant-directed speech as opposed o
backward speech or silence, Bortfeld and colleagues (2007)
obtwned analogous resubs using NIRS in @ sample of 6-9-
month-old infams presented with infanedirecied speech
and visual stimulatioe. It will be of interest to examine brain
activation while children with autism listen to motherese
as opposed t acoustically matched nonspecch uygnals, In
children with ASD} brain aciivation w carcfully vonwolled



speech versis emspeech signads may orovide clies wo their

aversion o the highiy mionated speech signals typical of

mastheresc.

Recentstudies extend the findings on children wath autism
0 waord processing using ERT measures (Colley-Corina,
Padden, Kuhl, & Dawson, 2008: i this study. 24 toddiers
with auticm speeirm disorders between 18 and 31 months
of age were separated  dme high-hinetoning and Jow-
functioning subgroups defined by the severity of thely social
symptoms, ERP measures werr pecorded in response 6o
knenen words, puknoswn words, aned words plaved backward.
They were compared to ERPs elicited trom a grong of 20
tvpreatly developing woddlers between the ages of 200 and 3]
mniths of age.

The results for wypicadly developing toddlers showed o
highhy localized response 1o the difference between known
and unknown words at a left wmporal ebectrode site 13
W the 200 500-ms and 300 700-ms windows Gigare
784 Thew data replicate previous data on typically
developing  children poblished by Milis and calleagucs
Ay and indicate that highly [bealized responses are a
nurher of inereasing developmental sophistication in the
processing of words in typically developing children, Bowas
therelore of interest to obcerve that toddlers with ASD
shouwed o very difluse respronse e kiown and unknown
words, Known words showed a greaier neganvin than
unhuown words acvossy all clectrade aites, and at o haer
fateney than age-matched wypicall developing children
tigire 57,00, Both the more diffise pattern of hrany activa-
tion  and responses with longer latencies are patiemns
ulrerved i vounger wplcalby develaping cbildren ik
epal P

Replicating the pattern seen in the stodies of phonetie
perception in children with awtist, the word-proessing
results for childeen with ASEY ddftered inarkedly depending
on the childrew’s social skitks, High-functioning  toddlers
with ASDY produced ERP responses that were snalar to
those of wpically developing children - they exhibited a
localized leli-hemisphere response o known and vokynown
wards, Sigmificant word-type effects were obnersed andy at
the left parieral electrode site (83 0o the 2000 500w tine
window ‘heure 57567 In contrast. ERP wavetonn. ol fow -
functionnny, toddlers with AR exhibited a diflu<e response
w words  Koown words were simificantly more segative
than unknewn words at muluple clecteode sites and i all
meastrenent windows e 57.3480.

The idea that ERDP incasures in response oo Hables and
words ma allow us o predict futire langusge oot omes in
voung «hildren with ASD ks exciting, Toward thot end, we
nute that chddren with ASD exhibited highly  senificans
corredations between their ERP components at the iniual test

tine ane their verbal 10 scares measred one vear akter

ERP duta calleetion e 57,00

I new sedies with the sthiings of children with antism
spectram disorder, we are now exploring whether these
earlv brain and behavioral responses to syliables, and
hsteniny preferences tor speech, are diagnosiic markers {or
avtsme. The interest i these measures s that they can be
ased rehiabdy ininfanes ax early as 6 momths of age. an ape
at which miervention measures might be more effective in
changing the course of development for childsen at risk for
autisim,

Airror newrons and shared bram svstems

Newroscience studies that [ocus on shared nearal systers
for pereeption and action leove s long tradition in speech
resenrch (Fowler, 2006: Liberman & Maningly, 19831 Fhe
discovery of prrror nenrers for soctal cognition {Gallese 2003;
Melzoff & Drecery, 2003 Pudvermuller, 20005; Rizzolawd,
25 Rumolatti & Craighera, 2004) has reivigorated
this tradition. Newtosciencr studies using speech and whole-
brain irmaging wehnigues have the capacity to examioe the
origing of shared brain systemes ininfants e birth {Bosseler
ot al., Q008 Bnada o1 al, 2006,

tn speech, the deoretical Enkage briween perception
and action came s the dora of the original metor theen
iLibermian, Coopers Shanbweiler, & Swddert-Kenpedy,
E9671 and i a dilferent formuiaton of the divect perception
of gesures, namwd dieet realivm (Fowler, 1986, Both posited
close interaction between speech percepion and speech pro-
duction. The pereeption-action fink for speech wax viewed
as nnate by the eriginal motor theorists (Liberman &
Martingly, 1985 Alternatively, 1t was viewed as [orged early
in development throughs experience with speech mator
moverents and  theh anditory consequences (Kubl &
Meltzodl, 1982, (9405 'Puo pew infaml stedies Lave shed
sopne tght on the developtentad issae,

Imadia and  eolleagnes (20065 used  magnewenceph-
alography (MEG), studying newborns, G-month-old infans,
and 1Z-month-old infanis whide they listened o nonspeseh
signaks, harmonics, and syHlables ffigore 37,75 Dehacne-
Lambwrtz and colleagues (2008; used IMRI 1o scan S-month-
uld infants while they listened o sentences. Both studies
showy activation in brain arceas responsible for speech pro-
duction (the nferior frontal, Broca’s area) in response o
awditorally presented speceh. Troada and colleagues reported
synchironized actvation in regpontise o speech in anditory
and mowr areas al b oand 12 omonths, and Dehaene-
Lambertz and  colleagoes reported activagon in motor

sprech dreas morespoise (o sentences in 3-moenth-olds,

s nctivation of Broca's arca o the pure perception of
sperch present at birth” Newhorns tested by Imada and col-
leagues showed no activation in motor speech areas for any
signabs, whereas auditory arcas responded robustly
all sigmals, suggesting the possibiliy that perception-action
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A Typically Developing, N=20

P3 et?

— Knownwerds Suv :,[: PN
-~ Unknewn words 200 400 60C 800

Feere 575 Group data >howing ERP waveforins for ofy opi-
cadly developmy roddiers and (8 toddlers with autisim spectrum
disorder. 10 roddiers exhibiv a Incalized response with shenificant
differentes between known and unknown words at the et tem-
poral elecivode site (U3 Toddiers with ASE) exhibis 2 diffuge
response i known and usknuwn words, but the differences are
significant .aross ol eleetrode stes in the 300- 700-n3¢ measures
ment window, €7 Subgroup analysis <hows that ERP wavetorms
tor high-lunetoning wwddlers with ABD exhibit a focalized tesponse

linkages lor speech develop by 3 months of age as infants
preduce vouellike sounds. But further work must be done
to answer the question. How the binding of perception and
action takes pliace, and whether it requires experience, s one
of the exenimyg questions that can now be addressed with
idants [rom binh using the tools of modern neuroscience,
We v know a grest deal about the linkages and dhe
cireuitry wndetlving fanguage processing in adult, [ Kuhl &
Diaemasio. w press), What is urknown, but waiting v be dis-
coversd s the seate of this circeitry at hirth and how relined
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B Toddlers with ASD, N=24

SFWI:v§Y::‘¢—+
200 400 600 800

Waord Effecis

with wgnilicant differences beiwecn known owd unknown words
at a parietal clecrrode site e the et hemisphere (P3), similar to
tvpically developing chuldren. /% Low-funciioning toddlers with
ASD exhubin o diffuse response to known and unknown words
with signiicant dilterrnees in moldple time windows and clecrode
sites, and a significant effece when collapsed across all clevirode sites
w rhe 300 700-ms measurement window, 1 From Colfey-Corina,
Padden, Kuhl, & Dawseny, 2008

conpections are forged in carly infancy as perception and
action are joindy expericue o,

Bilingual mfants: keo lanosuages, one brain

e of the most interesting questions is how infane map two
distinct labguages in the bramm. From phonemes 10 words,
and then o senaences, how do infants simubtancously bathed
in two languages develap the nearal networks necessary o
respond i a nativelike monner w two different codes?
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Ficurr 57,6 Predictive correlations for childeen with ASD
betwern the pican mnphisude of ERPS 10 known words ar the
it paricad elecode sitec 35 and verbal 10 measured one vear
later A wore negamne pesponse predicted stgnificanthy ligher
vethal 10} & = =521 p =~ 0E4L {From Coftev-Corina, Padden,
Kuhl, & hawason, 2008,

Bifinguad Linguage expericoee could potentathy have
an impact on development because the learming process
requires the developnient of two codes and because i coubd
take a toneer period of dme for sulficient data from both
languages o e exprerienced than iy the uomolinguad case.
Intarus bearning twe st languages simultaneoush mighn
reach the developmental change in perception ar a facer
pernt in developent than industs Jearaing enher lanwaage
monolinguaih . This ditference could depend ansuch fxeonr
as the numbier of people inthe infants” environment produg-
ng the two languages i speech dirveed toward the child
and the amount of inpat they provide, These factors couled
change the rate of development in bifingual infants.

There wre very few atudies that address this question thus
far, and the dan thar do exst provide somewhat mixed
resubts, Somee wudies suggest that inlants exposed 1o Twa
languages show later acquisiion of phonetic skills i the two
Janguages when compared to monofingual mifants (Hoseh &
Sebastun-Galles, 20055, 20030 This s espeetallv the case
when infants are tested on contrasts that are phonenue in
only one of the two linguages: this has been shown hoh for
vawels (Bosch & Scebasttan-CGalles, 20030 and consouanis
(Boseh & Sebastio-Calles, 200030 However, other studies
report no change in the timing of the developmeneal transi-
don it phonelic skills i the two languages of bilingaal intauis
Burns, Yoshuda, Hill, & Werker, 2007 Sundara, Polha. &
Molnar. 2008, For example. Sundara and colleagues. testing
monolingual Eaghsh and monolingual French as well as

hilingsal French-English infant:. examined discrimination

of demtal {Frenchy and abvecla Fawedisly) consopants. They
mtants in all three tau-
gunge groups succeeded; at 10 i) menths, moneolingual
English infants and French-FEngdich bilingual infants, but not
monolingual French infants, divtinenuishied the English con-
trast. Thus bilinguat infants pevformed on par with their
English monolingual peers aid Dener than their French

demonstrated that at & 8 month

monolingnal peers. Moreover, data from an ERP study of
Spanish-English bilingual infant. show that, at both 6 4
and @ 12 months of age, bilingnal intants show MMN
responses 10 hoth Spanish ad Eaglish phouetic conwrasts
{Rivera-Gaxicla & Romao, 2006 distingaishing them from
English-learning monefingual infants wha fail o respond
to the Spanish contrast at the Lier age (Rivera-Gaxiola,
Silva-Pereyra, et ol 2005).

ERP studics on word development in Inbingual children
have Just begun w appear. Conbov and Mills (2006} recorded
LRPs o known and unknown Esplish and Spanish words
in bilingual children at 19 22 months, Expressive vocabu-
Lary sizes were obnained in both Enghsh and Spanish, and
were used 1o determine lanenage dominas e for each child.
A conceptual vocabulam score was caloalated by summing
the total number of words m both languages and then
subtracting the number of times o pair of conceptually
rguivalent words {e.g., “weter” and Tqens”) occurred i the
two languages,

ERP dillerences 1o known and unknown words in the
dominant fanguage ocourred as carhy ay 200400 and 460-
GO0 me e these 19 2 manth-old wdants, and were broadly
distributed over the Ieli and righa benispheres, resembling
patterns observed o younyer 11 [ Fomomb-old) mono-
fingual children (Mille 1 all 199% 0 Iy the nondomimant
Tanpauage of the same children, the v didferences were not
apparent unti late in the wavelonm, from 608 10 900 s,
Moreover, children with high versus low concepual vocalu-
fury scores produced greater respotses o known words in
the left hemisphiere, particutariv {or the dominant language
[Conboy & Mills, 20065,

Research has just hegun 1o explore the nature of the
Dilinguat hrain, and I is one of the areas i which neurosci-
cnee wehniques will be of strong miterest, Using whole-brain
irnaging, we mav be able o undersind whether learming a
second language at diferent ages i infancy as oppesed to
adulthood —recrints different biaby siructures. These kinds
of data may play a role in our cveniuad understanding ol the
“critical period” for Janguage learing

Conelusions

Knowledge of infant language acowsition i now beginning
to reap benchits from informenon obtained by expert-

ments that directly examine the baman brain's response 1o
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AUDITORY (Superior Temporal) WERRICKE'S AREA

Newboms B-month-olds

e erid
123 435 8

Froure 57 7 Neoromagnenc signals were recorded using MEG
in newborns, 8-month-oid infins, and 12-month-old infunts while
listening o speech (shown and nonspeech auditory signals, Brain
activafion recortled in auclitory {fop o) and motor {bottom ree; brain
regions revealed o adivation i the moter speech arcas in the

linguistic material as « function of experience, EECG, MEG,
IMRE and NIRS technologies -all safe, noninvasive, and
proven feasible—are now being used m studics with very
young infants, inclading newborns, as they listen to the pha-
netic units, words, and sentences of a speeific language.

Brain measures now document the neural signatures of

fearning as carly as 7 months for native-fanguage phonemes,
9 months for famitiar words, and 30 months for semantic
and syntactic anomalies in sentences. Studies show contn-
ity from the earlicst phases of language learning in infancy
t the complex processing evidenced at the age of three
when all rypically developing children show the ability oo
carry on a sophisticaded conversation. Individual variation
m language-specific processing at the phonetc level - at the
cusp of the transition from Phase 1, ia which all phonetic
contrasts are discrininated, 0 Phase 2, in which infanss
focus on the distinctions relevant 1o their native language-— is
strongly linked to infants abilities w process words and sen-
teprces twa years later. Fhis inding is important theoretically
but i also vital to the eventual use of these eardy speech
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41 2-month-pids

|

(Z score relative 1o 100 1o 0 ms basaline)

newborn 1 response w auditory syllables. However, seuvation
increased in the mntor areas In response to speech (hat not non-
sprech) in 6- and [ 2-montheold infants that was wemporally syn-
chronized between the avditory and metor brain regions, (From
Tiacda ot al | 2006.1 e color plae 74

precursors o dingnose hildeen with developaental disabili-
ties that involve langoage. In fact, new studies suggest the
possibility that early measures of the bruin's responses 1o
sprech may provide a dingmostic marker tor autism spectrum
disorder, The fact that language experience affects brain
processing of both the signals being learned {(native patterns)
anidd the signals to which the inbant is not expased {nonnative
paceris) may play a role in our understanding of the hrain
mechanisis underlying the eritical period, At the phonetic
lewel, the data suggest that learning jtself, not merely time,
may contribute to the critical-period phenomenon, Whole-
brain imaging now allows us to examine multiple brain areas
curing speech processing, including both auditory and motor
brain regions, revealing the possible existence of o shared
brain systerm (& “mirror” systemy for speech. Rescarch has
also begun to use these measures 10 understand how the
bilingual brain maps two distinct languages. Answers w the
clussic questions about the unique human eapacity to acquire
language will be enriched by studies that wilize the wols of
modern neuroscience o peer into the infam brain,
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