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1 5 Speech, Language, and the Brain: Innate Preparation for Learning

Patricia K. Kuhl

Thus, the question to be addressed is not "'do innate mechanisms exist?’’ but rather
nature of the innate mechanisms for learning, by what mechanisms do they vperai
provisions do they make for the interaction berween organisms and their environments””
words, what are the ways in which innate mechanisms impinge on the pervasive plass
behavior displays in the course of its development?

—Peter Marler, Innate feaming preferences

Nature, Nurture, and a Historical Debate

Forty years ago, there was a historic confrontation between a strong nativist and o
strong learning theorist. Chomsky’s (1957) reply to Skinner’s (1937) Verbal Behavior
had just been published, reigniting the debate on the nature of language. On Chom-
sky’s (1965, 1981) nativist view, universal rules encompassing the grammars and
phonologies of all languages were taken to be innately specified. Language in
served to “trigger” the appropriate subset of rules, and developmental change in
language ability was viewed as biological growth akin to other bodily organs, rather
than learning. On the Skinnerian view, language was explicitly learned. Language
was thought to be brought about in the child through a process of feedback and
external reinforcement (Skinner 1957).

Both views made assumptions about three critical parameters: (i) the biological
preparation that infants bring to the task of language leamning, (ii) the nature of lan
guage input, and ‘(iii) the nature of developmental change. Chomsky asserted,
through the “poverty of the stimulus” argument, that language input to the
greatly underspecified. Critical elements are missing; hence the necessity for |
specified information. Skinner viewed speech as simply another operant behavios
shaped through parental feedback and reinforcement like all other behaviors,

In the decades that have passed since these positions were developed, the debats
has been played out for language at the syntactic, ssmantic, and phonological levels.
It has also been played out for communication in animal models. Peter Marler
work on the acquisition of birdsong provides the quintessential example. Beginning
with his theoretical writings in the 1970s, it was clear that Marler was a pioneer 1
promoting the epigenetic view that innate predispositions prepare organisms
fearning {Marler 1970). Marler’s (1991) view that an “instinct to learn” was key (c
both language and birdsong has been seminal to later discussions on the topic by
many theorists.

In this chapter, I will concentrate primarily on language, using the elementary com-
ponents of sounds—the consonants and vowels that make up words—to structure an




argument about what is given by nature and gained by experience 11 the acquisitiion

of language at the phonetic level. Studying the sound structure of language allows

to test the perception of language in infants just hours old and thereby Lo address ¢

question of what language capacities are innate in infants. Then, by tracking

velopment of infants raised in various cultures listening to different languages, we
can determine, again using tests of perception, when infants’ use of language hegl

to diverge as a function of experience with a particular language. These
provide a strong test of the historically opposing views, and the results of these
deliver dramatic evidence of the interaction between biology and culture, leadin

a new view. Parallels between speech and birdsong will be highlighted in describing

this new approach (see also Doupe and Kuhl 1999).

Origins of Conceptual Distinctions and the Modern View

The discussion between linguists and psychologists regarding language is only one
forum in which the nature-nurture issue has been debated. Begun by philosophers

hundreds of years ago, the nativism-empiricism debate or the nativist-constructivist
debate concerned the origins of knowledge and whether it stemmed from our native

abilities or was empirically derived (Berkeley 1709; Locke 1690). The debate 15 of

continuing interest across a wide variety of disciplines, fueled by arguments and Jdata

from ethology (Bateson 1991; Hauser 1996), neuroscience (Carew, Menzel

Shatz 1998), language science (Kuhl 1994, 1998a; Pinker 1994), and developmer

tal psychology (Bates and Elman 1996; Carey 1985; Gopnik and Meltzof
Karmiloff-Smith 1995).

These groups use different terms to distinguish complex behaviors that appear rel-
atively immune from as opposed to wholly dependent on experience. The termin

ogy reflects differences in emphasis between groups. In ethology, for example

distinction has traditionally been drawn between innate or instinctual behaviors
constdered to be genetically determined, and those /earned as a function ol exposure

to the environment (Lorenz 1965; Thorpe 1959; Tinbergen 1951). The emphasis i

early ethological writings was on explaining behaviors that existed at birth In
absence of experience (Lorenz’s “innate release mechanisms™).

In the early psychological literature on the mental development of the child (JTames
1890; Koffka 1924; Piaget 1954; Vygotsky 1962) and also in the neuroscience litera-

ture (Cajal 1906), the distinction has historically been drawn using the terms “deve

opment” and “learning.” Development included changes in the organism

that depend primarily on maturation or internal factors leading to the expression of
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Conceptual relations between development and leamning.

information specified in the genome. The term development and the term innare

thus similar, but not identical. Development (as opposed to innate) emphasized cor

plex behaviors, thought to be under genetic control, that unfolded well after |
rather than those existing at birth (innate behavior). Learning encompassed processes
that depended on explicit experience producing long-lasting changes in the organ

Modern writers in all the aforementioned fields agree that behavior unfolds under
the control of both a genetic blueprint and the environment, and that the debate no
centers on the precise nature of the interplay between the two. Using the den
ment-learning terminology, four alternatives can be conceptualized, as illustrated in
figure 15.1. The first two are not wnteractionist accounts, whereas the last |
described in this way.

Development and learning can be thought of as completely separable processes
(figure 15.1a). Development follows a maturational course guided by @ genetic blue-
print, and learning neither follows from nor leads to changes in the preesiabl

course of development. Alternatively, they can be thought of as two processes so
inseparable that they cannot be pulled apart even conceptually (figure 15.15)

More commonly, development and learning are thought of as separate and o
guishable processes that interact in one way or another (figure 15.1¢c-d). Developmenta

psychologists, neuroscientists, and neurcbiologists largely agree that the interac-
tionist view is the correct one (Bonhoeffer and Shatz 1998; Carey 1985; Doupe 998
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Doupe and Kuhl 1999; Fanselow and Rudy 1998; Gopnik and Melizoff 997,
Karmiloff-Smith 1995; Kuhl 1994; Marler 1990, 1997} At issue, however, |5 ¢

how the two systems interact, and particularly whether the interactio
development and learning is bidirectional.

Among the interactionist views, one model 1s that development enables learming
but that learning does not change the course of development. which unfolds more o
less on its own timetable (figure [5.1¢). Learning is seen as capitalizing on the achieve
ments of development and as unable to occur unless a certain leve!l of development
has been achieved. The interaction 1s unidirectional, however. Development |
impacted by learning. In classical developmental psychology, this position is
to the view of Piaget (1954). In modern neurobiology, the notion that there are
“constraints’” on learning, that development both prepares the organism and sets
limits on learning, is consistent with this model (see Doupe 1998 and Marler 1974 [1
the case of birdsong). Greenough and Black’s (1992) “experience-expectant’” plas
ticity, wherein changes in neural development are thought to precede and prepare an
organism to react to a reliably present environmental stimulus, provides a detailed
example of this model. In each of these cases, development is conceived of as both
enabling and limiting learning, but learning does not alter the course of developn

There is an alternative interactionist view. This model describes development and
leamming as mutually affecting one another (figure 15.1d). Development enables and
even prompts learning, and learning in turn advances development. This view
closest to that developed by Vygotsky (1979). Vygotsky’s theory, the “zone ol pr
imal development” (ZPD), described development at two levels. One was the infant’s
actual developmental level, the level already achieved. The second was the lev:
was just within reach. The ZPD was the difference between the two. In Vyaotsky's
view, environmental stimulation slightly in advance of current development (in the
ZPD) resulted in learning, and when this occurred, learning prompted develop-
ment. Recent theories proposed by developmental psychologists to account ©
wide variety of cognitive and linguistic tasks converge on the point that there is
mutual interaction between development and learning (Carey [985; Gopmik and
Meltzoff 1997; Karmiloff-Smith 1991).

In linguistic theory, Chomsky’s classic view, that the growth of language is largely
determined by a maturational process, fits model C. Experience plays a role, but
seen as triggering prespecified options, or as setting innately determined parameters
(Chomsky 1981). The data reviewed here at the phonetic level of language come
closer to the mutual interaction of model D. In the model of speech development |
will describe, language input plays more than a triggering role in the process. Lan
guage input is mapped in a complex process that appears to code its subtle details,
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Input thus goes bevond setting the parameters of prespecified options. Mo
early mapping of the perceptual regularities of language input is argued t
infants to recognize words and phrases, thus advancing development

[n summary, there is a great deal of support for interactionist views (models
D) over noninteractionist views (models A and B). Although the relations be
learning and development may differ across species and systems, there is an emercing
consensus across diverse disciplines including neurobiology, psychology. linguistics
and neuroscience that development and learning are not independent entities
birdsong and speech fall clearly on the interactionist side. However, the {orm of the
interaction remains a question, with a cutting-edge issue being whether (and |
Jearning can alter development. The model 1 will propose here on the basis of
research on speech development goes some distance toward addressing this issue.

Explanations for Developmental Change in Speech

One of the puzzles in language development is to explain the orderly transitions

all infants go through. Infants the world over achieve certain milestones in linguisti
development at roughly the same time, regardless of the language they are expos:
to. Moreover, developmental change can also include cases in which infants
skills exceed their later ones. Explaining these transitions is one of the major zoals o
developmental linguistic theory.

One of these transitions occurs in speech perception. At birth, infants discern dif
ferences between all the phonetic units used in the world’s languages ( Eimas, Miller,
and Jusczyk 1987). All infants show these universal skills, regardless of the language
environment in which they are being raised. Data on nonhuman animals’ perception
of speech suggest that the ability to partition the basic building blocks of speech
deeply rooted in our evolutionary history (Kuhl 1991a).

When do infants from different cultures begin to diverge in their perceptual abili
ties? Infants’ initial language-universal perceptual abilities are highly constrained
just one year later. By the end of the first year, infants fail to discriminate foreign
language contrasts they once discriminated (Werker and Tees 1984), resembling the
adult pattern. Adults often find it difficult to perceive differences between sounds 1
used to distinguish words in their native language. Adult native speakers ol Japanese
for example, have great difficulty discriminating Amernican English /r/ and [I] ( Best
1993; Strange 1995), and American English listeners have great difficulty hearing the
difference between Spanish /b/ and /p/ (Abramson and Lisker 1970).

Infants’ abilities change over a 3-month period. A recent study we have just com
pleted in Japan shows, for example, that at 7 months of age Japanese infants respond
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to the /r-1/ distinction and are as accurate in perceiving it as American -month-old
infants. By 10 months, Japanese infants no longer demonstrate this ability
though American infants at that same age have become even better at discrimin

the two sounds (Kuhl, Kiritani, et al. 1997).

A similar transition occurs in speech production. Regardless of culture, all
show a universal progression in the development of speech which encompasses
distinct phases: cooing {1-4 months). in which infants produce sounds that resembl
vowels, canonical babbling (5-10 months), duning which infants produce strings o
consonant-vowel syllables, such as “babababa™ or “‘mamamama,™ first words (|
months), wherein infants use a consistent phonetic form to refer to an object, nvo-
word utterances (18-24 months), in which two words are combined in a meanimgiul
way, and meaningful speech (15 months and beyond), in which infants produce hoth
babbling and meaningful speech to produce long intonated utterances (Ferguso
Menn, and Stoel-Gammon 1992). Interestingly, deaf infants exposed to & natural
sign fanguage, such as American Sign Language (ASL), are purported o follow
the same progression using a visual-manual mode of communication (Petitto and
Marentette 1991).

Although infants across cultures begin life producing a universal set of utterance
that cannot be distinguished, their utterances soon begin to diverge, reflecting (he
influence of the ambient language they are listening to. By the end of the first yea:
life, the utterances of infants reared in different countries begin (o be separable
infants show distinct patterns of speech production, both in the prosodic (intona
tional patterns) and phonetic aspects of language, that are unique to the culture in
which they are being raised (de Boysson-Bardies 1993). In adulthood, these disting
tive speech motor patterns that we initially learmed contribute to our “accents ™ wl
attempting to speak another language (Flege 1988).

The transitions in speech perception and production from a pattern that is initially
universal across languages to one that is highly specific to one particular language
present one of the most intriguing problems in language acquisition. What causes the
transition? We know that it is not simply maturational change. In the absence
natural language input, as in the case of socially isolated children (Curtiss 19
deaf children not exposed to manual sign language and unable to hear oral language,
full-blown linguistic skills do not develop. Linguistic input and interaction, provided
early in life, appear to be necessary.

The thesis developed here at the phonetic level is that linguistic experience pr
duces a special kind of developmental change. Language input alters the bramn's
processing of the signal, resulting in the creation of complex mental maps. The
mapping “warps’’ underlying dimensions, altering perception in a way that high-
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lights distinctive categories. This mapping is not like traditional psy
learning. In the psychological literature, learning involves explicit teaching
Skinnerian tradition (1957), for example, this kind of learning depended o

presence of external reinforcement (specific contingencies that rewarded ceria
responses), feedback about the correctness of the response, and step-by-step shuping
of the response. The kind of learning reflected in language is just the opposi

Although it does depend on external information from the environment (languase
input), it does not require explicit teaching or reinforcement contingencies, (il
exposure to language in a normal and socially interactive environment. languace
learning occurs, and the knowledge gained about a specific language 15 long-lasting
and difficult to undo.

Language Experience Alters Perception

The thesis developed here for the phonetlc level of language is that ambient la:
experience produces a “mapping’ that alters perception. A research i:i'.n'i"- ) th
helps explain how this occurs 1s called the “perceptual magnet effect.” It is obhserve
when tokens perceived as exceptionally good representatives of a phonetic category
(“‘prototypes’) are used in tests of speech perception (Kuhl 1991b). The notion 1
categories have ““prototypes” stems from cognittve psychology. Findings in that £
show that the members of common categories (like the category bird or dog) are not
equal. An ostrich 1s not as representative of the category bird as is a robin:
is not as representative of the category dog as is a Collie. These “prototypes” or best
instances of categories are easier to remember, result in shorter reaction times wh
identified, and are often preferred in tests that tap our favorite instances of categor
(Rosch 1977). Because of this literature, we were motivated to test the concept th
phonetic categories had “prototypes” or best instances, in the early 1280s.

Our results demonstrated that phonetic prototypes did exist (Grieser and Kuh
1989; Kuhl 1991b), that they differed in speakers of different languages { Kuhl 199
Ndidtdnen et al. 1997, Willerman and Kuhl 1996), and that phonetic prot
function like perceptual magnets for other sounds in the category (Kuhl [991b)
When listeners hear a phonetic prototype and attempt to discriminate it from sounds
that surround it in acoustic space, the prototype displays an attractor effect on i
surrounding sounds (figure 15.2). It perceptually pulls other members of the category
toward it, making it difficult to hear differences between the prototype
rounding stimuli. Poor instances from the category (nonprototypes) do not function
in this way. A variety of experimental tasks produce this result with both consonants
and vowels (Iverson and Kuhl 1995, 1996; Sussman and Lauckner-Morano 1995)
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The perceptual magnet effect. When a variety of sounds in a category surround the category proton
{A). they are perceptually drawn toward the prototype {B). The prototype appears to functio
magnet for other stimuli in the category.

Other studies confirm listeners’ skills in identifying phonetic prototypes and show
that they are language-specific (Kuhl 1992; Miller 1994; Willerman and Kuhl 1996).

Developmental tests revealed that the perceptual magnet effect was exhibited by
six-month-old infants for the sounds of their native language (Kuhl 1991b). In later
studies, cross-language experiments demonstrated that the magnet effect is the prod
uct of linguistic experience (Kuhl et al. 1992). In the cross-language experiment,
infants in the United States and Sweden were tested. The infants from both countinies
were tested with two vowel prototypes, an American English vowel prototype, [i/ (as
in “peep’’), and a Swedish vowel prototype, [y/ (as in “fye’"). The results demon
strated that the perceptual magnet effect in six-month-old infants was influenced by
exposure toa particular language. American infants demonstrated the magnel efiec
only for the American English /i/; they treated the Swedish [y/ like a nonprototype
Swedish infants showed the opposite pattern, demonstrating the magnet effect ol
the Swedish [y/ and treating the American English /i as a nonprototvpe. This is
the youngest age at which language experience has been shown to affect phonetic
perception.

The perceptual magnet effect thus occurs prior to word learning. What this me
is that in the absence of formal language understanding or use—before infants utter
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Figure 15.3
Physical (acoustic) versus perceptual distance. Consonant tokens of frf and [lf were generated
equaily distant {rom one another in acoustic space {A). However, American listeners percemnve perceptual
space as “‘shrunk’” near the best instances of [r/ (gray dots) and /l/ (black dots) und “sire

boundary between the two (B). Japanese listeners’ perceptual world differs dramatically; neither
effects nor a boundary between the two categories are seen (C).

or understand their first words—infants’ perceptual systems strongly conform 1o the
characteristics of the ambtent language. We previously believed that word leaming
caused infants to recognize that phonetic changes that they could hear, such as th

change that Japanese infants perceived between /r/ and /l/, did not change

meaning of a word in their language. This discovery was thought to cause the change
in phonetic perception. We now know that just the opposite is true. Language inp

sculpts the brain to create a perceptual system that highlights the contrasts
the language, while deemphasizing those that are not, and this happens prios

word learning. The change in phonetic perception thus assists word learning, rathes

than the reverse.

Further tests on adults suggested that the magnet effect distorted perception (o
highlight sound contrasts in the native language. Studies on the perception of the

phonetic units /r/ and /l/ as in the words “‘rake” and “lake,” illustrate this point

fr-1/ distinction is one notoriously difficult for Japanese speakers and our studies
sought to determine how adults from different cultures perceived these two sounds

]

To conduct the study, we used computer-synthesized syllables beginning with [r/ and

/1/, spacing them at equal physical intervals in a two-dimensional acoustic ¢

(Iverson and Kuhl 1996) (figure 15.3a). American listeners identified each s\ llable as
beginning with either /r/ or 1/, rated its category goodness, and estimated the per

ceived similarity for all possible pairs of stimuli using a scale from |7 (very diss

ilar) to “7” (very similar). Similarity ratings were scaled using multidimensiona
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scaling (MDS) techniques. The results revealed that perception distorts physic
space. The physical (acoustic) differences between pairs of stimuli were equal: how-
ever, percelved distance was “‘warped” (figure 15.3b). The perceptual space ar

the best /r/ and the best [l/ was greatly reduced, as predicted by the perceptua
magnet effect, while the space near the boundary between the two categor
expanded.

This experiment has now been done using Japanese monolingual listeners ( kKouhl
Yamada, Tohkura, Iverson, and Stevens, submitted) and the results show a sirong
contrast in the way the /r-1/ stimuli are perceived by American and Japanese adulis
(figure 15.3¢). Japanese adults hear almost all the sounds as /r/; there is no [l
Japanese. More striking is the complete absence of magnet and boundary effect:
in the Japanese MDS solution. The results suggest that linguistic experience induces
the formation of perceptual maps specifying the perceived distances between stimuli
These maps increase internal category cohesion while maximizing the distinction
between categories. The critical point for theory is that neither group perceive
the physical reality, the actual physical differences between the sounds. For cach
language group, experience has altered perception to create a language-specific map
of auditory similarities and differences, one that highlights the sound contrasts of the
speaker’s native language. These mental maps for speech are the {ront-end of the
language mechanism. In this sense, they point infants in the direction needed 1
focus on the aspects of the acoustic signal that will separate categories in their
native language. They provide a kind of attentional network that may function
highly tuned filter for language. Such a network would promote semantic and svn
tactic analysis. ,

The theoretical position developed here 1s that the mental maps for speech are
developed early in infancy, prior to the development of word acquisition. The map-
ping of phonetic information is seen as enabling infants to recognize word candi
dates. For example, our work shows that Japanese infants fail to discriminate
American English /r/ from /1/ at 10 months of age, though they did so perfectly well
at 7 months of age (Kuhl et al. submutted). This is argued to assist Japanese mnfants
in word recognition. The coliapsing of [t/ and /l/ into a single category makes i
possible for Japanese infants to perceive their parents’ productions of /r/-like and /I/-
like sounds as one entity at 10 months, when the process of word acquisition begins.

If they did not do so, it would presumably make it more difficult to relate sound
patterns to objects and events.
The view that phonetic mapping enhances the recognition of higher-order units

'supported by data showing that slightly later in development infants use information
about phonetic units to recognize wordlike forms. Work by Jusczyk and his col
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leagues shows that by 9 months of age, infants prefer word patterns that ar

of the native language, which requires recognition -of native-language phonetic
(Jusczyk et al. 1993). Infants have also been shown to be capable of learning
statistical probabilities of sound combinations contained in artificial words (Safl
Aslin, and Newport [996). Infants’ mapping at the phonetic fevel is thus
assisting infants in “‘chunking’ the sound stream into higher-order units. sugzes

that ““learning” promotes “development.” Infants’ discovery of statistical regularitic

in language input suggests new ways of conceiving of learning. During the |

of life, infants come to recognize the recurring properties of their native languape

and mentally store those properties in some form. This occurs in the absence
formal instruction or reinforcement of the infant’s behavior. In this sense, (h
ing that transpires is outside the realm of the historic versions of learning
by psychologists. :

A Theory of Speech Development

Given these findings, how do we reconceptualize infants’ innate predispositions a

preparing them for experience? One view can be summarized as a three-siep mo

of speech development, called the native language magnet (NLM) model (Kuh

1994). NLM describes infants’ initial state as well as changes brought about b

perience with language (figure 15.4). The model demonstrates how infants’ develop

ing native-language speech representations might alter both speech perception
production. The same principles apply to both vowel and consonant percept
example developed here is for vowels,

Phase | describes infants’ initial abilities. At birth, infants distinguish all the pho

netic distinctions of all languages of the world. This is illustrated by a hvpothetical

F1/F2 coordinate vowel space partitioned into categories (figure 13.4a). These divi

sions separate perceptually the vowels of all languages. According to NLM

abilities at this stage do not depend on specific language experience. The boundaries

initially structure perception in a phonetically relevant way. However, they are

due to a “language module.” This notion is buttressed by the fact that nonhuman

animals also hear speech distinctions, displaying abilities that were once thought &

be exclusively human (Kuhl 1991a; see also, e.g., Dooling, Best, and Brown |

Kluender, Diehl, and Killeen 1987 for demonstrations of speech perception abilities

in nonhuman mammals).
Phase 2 describes the vowel space at six months of age for infants reared i

very different language environments, Swedish, English, and Japanese (figure 15 4b).
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The native language magnet (NLM) model. {A) At birth, infants perceptually partition the acoustic space
underlying phonetic distinctions in a language-universal way. They are capable of discrimminating all pho
netically relevant differences in the world’s languages. ( B) By 6 months of age, infants reared in differ
linguistic environments show an effect of language experience. Infants store incoming vowel information in
memory in some form. The resulting representations (shown by the dots) are language-specific, and reflec
the distributional properties of vowels in the three different languages. (C) After language-speciiic magnel
effects appear, some of the natural boundaries that existed at birth “disappear.” I[nfants now Gl 1o
criminate foreign-ianguage contrasts they once discriminated,

By six months of age, infants show more than the ability to perceptually separat:
phonetic categories, as shown in phase 1. By six months, our informal calculations
indicate that infants have heard many vowels. The distributional properties of vow-
els heard by infants being raised in Sweden, America, and Japan differ. According |
NLM, infants mentally store this information in some way. As shown in lgu
[5.4b, infants’ stored representations differ, reflecting the distributional diffe:
between their languages. In each case, linguistic experience has produced stored reg
resentations that reflect the vowel system of the ambient language. Language-specific
magnet effects, produced by the stored representations, are exhibited by infants 4t
this stage.

An interesting question about phase 2 magnet effects is: How much language
input does it take to develop these effects, and is all language heard by the child
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(including that from a radio or television) effective in producing this special kind
learning? This, in fact, was the question President Clinton asked me at the
House Conference on Early Learning and the Brain, in April of 1997. My

was that at present we have little data suggesting how much language input 1t take

to show these effects, and we do not know whether language from a disembodied

source ( TV, radio) would be sufficient to produce it. By six months of aze. 1
liest age at which we have evidence of magnet effects, our estimates sugeest
infants have heard thousands of instances of vowels in en face communication
their parents (Kuhl 1994), but we do not know what amount is necessary. 1 hes

exciting questions for future research, and we have studies underway at present thal

are providing some interesting information on these issues.

ception, and affect the processing of foreign-language stimuli. Magnet efiect
certain perceptual distinctions to be minimized (those near the magnet attrac
while others are maximized (those near the boundaries between two magnets;

consequence is that some of the boundaries that initially divided the space

Phase 3 shows how magnet effects recursively alter the initial state of speech pe

appear’” as the perceptual space is reconfigured to incorporate a language's part

ular magnet placement (figure 15.4¢). Magnet effects functionally erase cert
boundanes—those relevant to foreign but not native languages.
In phase 3, a perceptual space once characterized by basic “auditory cul

boundaries that divide all speech categories and ones demeonstrated in nonhuma

animals—has been replaced by a dramatically warped space, dominated by magnet

effects, that completely restructure the space. It is at this phase that infants (ail 1o

discriminate foreign-language contrasts that were once discriminable, The mapping

of incoming speech has altered which stimulus differences infants respond |
ducing a language-specific histener for the first time.

A natural question arising from these data is what happens to infants exposed
two different languages throughout phase 3. We are only beginning to study

issue, but the theory predicts that infants will develop magnet effects for the sou
categories of both languages. Interestingly, preliminary data from studies underway

suggest that development of two sets of magnet effects is particulariy likely whes

two languages are spoken by different speakers (mother speaks one language, father
speaks another). Presumably having each language spoken by a different speakes

allows infants to separate perceptually the maps for the two languages.

Infants at six months of age have no awareness of the fact that sound units are
used contrastively in language to name things. Yet the infant’s perceptual system

organizes itself to reflect language-specific phonetic categories. At the nexr stage in

linguistic development, when infants acquire word meanings by relating sounds |




objects and events in the world, the language-specific mapping that has alr
occurred should greatly assist this process.

NLM theory offers an explanation for the developmental change observed i
speech perception. A developing magnet pulls sounds that were once discriminabl
toward 1t, making them less discriminable. Magnet effects should therefore de
mentally precede changes in infants’ perception of foreign-language contrasis; p
liminary data indicate that they do (Werker and Polka 1993). The magnet effect als
helps account for the results of studies on the perception of sounds [rom reign
language by adults (Best 1993; Flege 1993). For example, NLM theory may help

explain Japanese listeners’ difficulty with American /r/ and /lf. The magnet effect o

the Japanese [r/ category prototype (which is neither American [r/ nor /1))
attract both /r/ and /l/, making the two sounds difficult for native-speaking Japanes
people to discriminate (Kuhl et al. submitted). NLM theory argues that early expe-
rience establishes a complex perceptual network through which language passes. €
this view, one’s primary language and the map that results from early experience w
determine how other languages are perceived.

Reinterpreting “Critical Periods”

Evidence for the interaction between genetic programming and environmental s
ulation is nowhere more predominant than in the literature on critical periods
learning (Marler 1970; Thorpe 1961). Critical periods are no longer viewed as

timed developmental processes with rigid cut-off periods that restrict leaming !

specific time frame. Recent studies showing that learning can be stretched by a varnet

of factors has caused a shift in the terminology used to refer to this period. It is now

understood that during “sensitive periods’™ exposure to specific kinds of informati

may be more effective than at other times, but that a variety of factors can alter the

period of learning. Knudsen’s work, for example, on the sound-localization system
the barn owl shows that the sensitive period for learning the auditory-visual map |

the optic tectum can be altered by a variety of factors that either shorten or extend

the learning period; the learning period closes much earlier, for instance, if expes
ence occurs in a more natural environment (Knudsen and Brainerd 1995, Knudse
and Knudsen 1990).
The idea that sensitive periods define “windows of opportunity” for learning
during which environmental stimulation is highly effective in producing develop
mental change, remains well supported in both the human and the animal literature
Whether language or birdsong is the focus of inquiry, the ability to learn 1s ¢
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equivalent over time {Doupe and Kuhl 1999). The question is: What causes
in the ability to learn throughout the individual’s lifespan?

The sensitive period denotes a process of learning that is constrained primarily by

time, or other factors (hormones, etc.)—factors outside the learning proci
(see Doupe and Kuhl 1999). There is an alternative possibility suggested by
on speech. Later learning may be limited by the fact that learning itself alt
brain, and leamming may produce a kind of “interference” effect that impact:
learning. To illustrate, if NLM’s claim that learning involves the creation of

maps for speech is true, this would mean that learning “commits’ neural structure i
some way. According to the model, ongoing processing of speech is affected by

neural structure, and future learning is affected as well. The mechanisms oo

an organism's general ability to learn may not have changed. Rather, initial learn!
- may result in a structure that reflects environmental input, and once commitied, the

learned structure may interfere with the processing of information thal

conform to the learned pattern. On this account, initial learmning can alter [ut

learning independent of a strictly timed period.
On this interference account, plasticity would be governed from a

standpoint. When additional input does not cause the overall statistical distributi
to change substantially, the organism becomes less sensitive to input. Hypotheticalh

for instance, the infants’ representation of the vowel /a/ might not change whe

one-millionth token of the vowel /a/ i1s heard. Plasticity might thus be independent
time, but be dependent on the amount and variability provided by experience.
some time in the lifetime of an organism, one could conceive of a point where n
input no longer alters the underlying distribution, and this could, at least in princi

ple, reduce the system’s “plasticity.”
The interference view may account for some aspects of second language le:

When acquiring a second language, certain phonetic distinctions are notoriously
ficult to master both in speech perception and production. Take the case of the |
distinction for native speakers of Japanese. Hearing and producing the distinction

very difficult for native speakers of Japanese (Goto 1971; Miyawaki et ¢
Yamada and Tohkura 1992). According to NLM, this is because exposure [«

nese early in life altered the Japanese infant’s perceptual system, resulting in magnet

effects for the Japanese phoneme /r/, but not for American English [t/ or America

English /l/. Once in place, the magnet effects appropriate for Japanese we

make it easy to process American English. Both American English [r/ and [l would

be assimilated to Japanese /r/ (see also Best 1993). Teaching Japanese adults (o

tinguish /r/ and /l/ may require the use of stimuli that avoid the interference effect
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A second language learned later in life may require separation between the twe
systems to avoid interference. Data gathered using fMRI techniques indicate thal
adult bilinguals who learned both languages early in life activate overlapping regions
of the brain when processing the two languages, whereas those who learned the
second language later in life activate two distinct regions of the brain for
languages (Kim, Relkin, Lee, and Hirsch 1997). This is consistent with the idea
the brain’s processing of a primary language can interfere with the second language.
This problem 1s avoided if both are learned early in development.

The general thesis 1s that acquiring new phonetic categories as adults is difficul
because the brain’s mental maps for speech, formed on the basis of the primar
guage, are incompatible with those required for the new language; hence interferenc
results. Early in life, interference effects are minimal and new categories can be
acquired because input continues to revise the statistical distribution. As mentioned
eartier, limited evidence suggests that infants exposed to two languages do much
better if each parent speaks one of the two languages, rather both parents speaking
both languages. This may be the case because it 1 easier to map two different sets
phonetic categories (one for each of the two languages) if there is some way (0 kee
them perceptually separate. Males and females produce speech in different [requenc:
ranges, and this could make it easier to maintain separation.

These two factors—a maturationaily defined temporal window and initial learning
that makes later learning more difficult—could both be operating to produce o
straints on learning a second language later in life. If a maturational process induce:
“readiness’’ at a particular time, input that misses this timing could reduce learning.
At the same time, an “interference’ factor might provide an independent mechanisi
that contributes to the difficulty in readily learning a second language i adulthood

Vocal Learning

As Peter Marler has so clearly described, vocal learning—an organism's dependence
on auditory input and feedback to acquire a vocal repertoire—1s not common amaong
mammals (see Snowdon and Hausberger 1997 for exceptions), but it is exhibited
strikingly in songbirds. In certain songbirds, and in humans, young members of the
species not only learn the perceptual properties of their conspecific communicative
signals but become proficient producers of those signals. A great deal of research o
birds (Marler 1990, 1997) and infants (Stoel-Gammon and Otomo 1986; Oller, Wie
man, Doyle, and Ross 1976) has shown that input is essential to the development ol
vocalizations. Deaf infants, for example, do not babble normally (Oller and Mac
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Neilage 1983), nor do deafened birds (Konishi 1965; Nottebohm 1967). In

of humans, the learned motor patterns that underlie speech become difficult 1o
Speakers who learn a second language later in life, for example, produce it with
“accent” typical of their primary language (Flege 1993). Most speakers of a sece

language would like to speak like a native speaker, without an accent, but this is

ficult to do.

When do we adopt the indelible speech patterns that will mark us as naliv

speakers of a particular language for our entire lives? Developmental studies su
that by one year of age, language-specific patterns of speech production appes

infants’ spontaneous utterances (de Boysson-Bardies 1993; Vihman and de Bovsson
Bardies 1994). However, the fundamental capacity to reproduce the sound pattern
one hears is in place much earlier. In a recent study, Kuhl and Melizoii (1996

recorded infant utterances at 12, 16, and 20 weeks of age while the infants watch
and listened to a video recording of a woman producing a vowel, either [a/, /|,
ju/. Infants watched the video for five minutes on each of three consecutive das
Infants’ utterances were analyzed both perceptually (phonetic transcription)
instrumentally (computerized spectrographic analysis).

The results showed that there was developmental change in infants’ vowel pi

ductions between 12 and 20 weeks of age. The areas of vowel space cccupie

infants’ /a/, /i/, and [u/ vowels become progressively more tightly clustered at zacl
age, and by 20 weeks, a “‘vowel triangle” typical of that produced in every languag

of the world had emerged in infants’ own region of the vowel space (figure [5.5)
12 woeeks 16 weeks 30 wagks
4300 - 4300 4300-———
3800 2800+ ) 28004 fﬁ---._.
3300+ 3300+ 33007 [ :“I_: '
2800+ 2800 2800+ %;u o ]
. . /-' . nir/
2300 2300 2300+ “E‘ly o
800 - " \___‘J' p
A T S
Frequency of F1 (Hz)
Figure 15.5

The location of /a/, fif, and [u/ vowels produced by 12-, 16-, and 20-week-old infants. Infants’ vowel pro
ductions show progressively tighter clustering in vowel space over the 8-week period and reflect differences

between the three vowel categories seen in adults’ productions.



436 Pk

This suggested the possibility that infants were listening to language and atlemp
to vocally imitate the sound patterns they heard (Kuhl and Meltzoff 1996)
Direct evidence that infants were vocally imitating was also obtained in the st
By 20 weeks, infants were shown to reproduce the vowels they heard. [nian
posed to ja/ were more likely to produce /a/ than when exposed to either /i,
similarly, infants exposed to either /if or fu/ were more likely to produce (he
in that condition than when listening to either of the two alternate vowels. The Lo
amount of exposure to a specific vowel in the laboratory was only |5 minutes
this was sufficient to influence infants’ productions. If 15 minutes of labor
exposure to a vowel is suffictent to influence infants’ vocalizations, then listening |

ambient language for weeks would be expected to provide a powerful influence on

infants’ production of speech. These data suggest that infants’ stored representation
of speech not only alter infant perception but alter production as well, servis

auditory patterns that guide motor production. Stored representations are thus

viewed as the common cause for both the tighter clustering observed in infant vowe
production and the tighter clustening observed in infant vowel perception (fig
15.6).

This pattern of learning and self-organization, in which perceptual patterns store
in memory serve as guides for production, 1s strikingly similar for birdsong | _
1998; Doupe and Kuhl 1999), in visual-motor leaming in which nonspeech «
movements like tongue protrusion and mouth opening are imitated (Melizof
Moore 1977, 1994), and in language involving both sign (Petitto and Marentet
[991) and speech (Kuhl and Meltzoff 1996). In each of these cases, perceptual expe
rience establishes a representation that guides sensory-motor learning. [n the case

infants and speech, perception affects production in the earliest stages of language

learning, which reinforces the idea that the speech motor patterns of a specilic
guage are formed very early in life. Once learned, motor patterns may also further
development by altering the probability that infants will acquire words that contair
items they are capable of producing (see, e.g., Vihman 1993).

The Role of Vision in Speech Perception: Polymodal Speech Representation

The link between perception and production can be seen in another experimental
situation in speech, and there is some suggestion that this is mirrored in birdsong

learning. Speech perception in adults is strongly affected by the sight of a talker's
mouth movements during speech, indicating that our representational codes

speech contain both auditory and visual information. One of the most compelling

examples of the polymodal nature of speech representations is auditory-visual illu
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Stored representations of native-language speech affect both speech perception. producing the percep
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clustering evidenced by the magnet effect. as well as speech production, producing the inerease
seen in infants’ vocalizations over time.

sions that result when discrepant information is sent to two separate modalities. One
such 1lusion occurs when auditory information for /bf is combined with

information for g/ (McGurk and MacDonald 1976; Green, Kuhl, Meltzofl

Stevens 1991; Kuhl, Tsuzaki, Tohkura., and Meltzoff 1994; Massaro [987)

e

ceivers report the phenomenal impression of an intermediate articulation ([da/ ot
/tha/) despite the fact that this information was not delivered by or to either sense

modality. This 15 a robust phenomenon and is readily obtained even when the

mation from the two modalities comes from different speakers, such as when o

voice 18 combined with a female face (Green et al. [991). In this case, thers
doubt that the auditory and visual signals do not belong together. Yet the il
is still unavoidable—our perceptual systems combine the multimodal informatio
(auditory and visual) to give a unified percept. ‘

m - |

i

Young infants are also affected by visual information. Infants just 18-20 weeks
old recognize auditory-visual correspondences for speech, akin to what we as ad
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do when we lip-read; in these studies, infants looked longer at a face pronouncing
vowel that matched the vowel sound they heard, rather than at a mismatched
(Kuhl and Meltzoff 1982). Young infants demonstrate knowledge about botl

auditory and visual information contained in speech, which supports the not

infants’ stored speech representations contain information of both kinds. Addition
demonstrations of auditory-visual speech perception in infants suggest that there
left-hemisphere involvement in the process (MacKain, Studdert-Kennedy, Spicker
and Stern 1983), and more recent data by Rosenblum, Schmuckler, and Johns

T

(1997) and Walton and Bower (1993) suggest that the ability to match auditor

visual speech is present in newborns.
Visual information thus plays a strong role in speech perception. Studies

when listeners watch the face of the talker, perception of the message is g

enhanced, in effect contributing the equivalent of a 20 dB boost (quite substan
the signal. This supports the view that speech in humans is polymodally repre

In birds, syllables from alien bird species’ songs can be leamed in the presence of the
sight of a conspecific bird (Petrinovich and Baptista 1987). These visual effects sug-
gest how strongly the visual-motor system is linked to perception in both hirdsong

and speech (see also Liberman [993).

Nature of Language Input to the Child

Peter Marler’s early studies (e.g., 1970) on birdsong learning highlighted the

input by manipulating it. These studies showed the dramatic effects of input on s

sented

learning, as well as the birds’ selectivity for certain kinds of signals. In the realm

language, attention is being increasingly devoted to understanding exactly how much

and what kind of language input infants hear.

Estimates indicate that a typical listening day for a two year old includes 20 00
40,000 words (Chapman et al. 1992). Research has shown that the speech addresse
to infants (often called “motherese” or “parentese”) is unique: it has a charactenisuc
prosodic structure that includes a higher pitch, a slower tempo, and exaggerated |

nation contours, and it is syntactically and semantically simplified. Studies she

this speaking style is nearly universal in the speech of caretakers around the worle
and that infants prefer it over other complex acoustic signals (Fernald 1985; Griese

and Kuhl 1989; Fernald and Kuhl 1987).

In recent studies, we have uncovered another modification made by parents when
addressing infants that may be important to infant learming. We examined natural-
language input at the phonetic level to infants in the United States, Russia, and

yw thal

M=



Speech, Language, and the Brain

A English B Russian C Swedish
4000 - e
3000~ i
T i
T
& 20004
1000 -|
T T T T T T T R T T T T ] T R
300 700 1100 1500 3060 7G0 1100 1500 300 750 11080
Fi {Hz) F1 (Hz) F1 (Hz
Figure 15.7

The vowel triangle of maternal speech directed toward infants (solid line) across three diverse linguaoe
shows a “‘stretching™ relative to the adult-directed vowel triangle (dashed line), an effect thar bot
vowels more discniminable and highlights the abstract features that infants must use to produce
themselves. )

Sweden (Kuhl, Andruski, et al. 1997). The study shows that across three very diverse
languages, infant-directed speech exhibited a universal alteration of phonetic unit:
when compared with adult-directed speech. Parents addressing their infants pro
duced acoustically more extreme tokens of vowel sounds, resulting in a “stretching

of the acoustic space encompassing the vowel triangle (figure 15.7). A stretched
vowel triangle not only makes speech more discriminable for infants, it also high-
lights critical spectral parameters that allow speech to be produced by the child. The
results suggest that at the phonetic level of language, linguistic input to mlants pro-
vides exceptionally well-specified information about the units that form the building
blocks for words.

A stretched vowel space is not necessary from the standpoint of the infant’s capacity
to distinguish vowels. The formant frequency changes from adult-directed 1o infant-
directed speech were substantial and would clearly be registered by the infant audi
tory system. Previous data on infants’ capacities to discern subtle differences between
vowels indicate that infants are capable of hearing differences a great deal smalles
than those produced by mothers in the study (Kuhl 1991a).

If not required for infant discrimination, what function does a stretched
space serve? We hypothesized that stretching the vowel triangle could benefit infants
in three ways. First, it increases the distance between vowels, making them more dis-
tinct from one another. In recent studies, language-delayed children showed substantial
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improvements in measures of speech and language after treatment in a program in
which they listened to speech altered by computer to exaggerate phonetic difference:
(Merzenich et al. 1996; Tallal et al. 1996). Normally developing infants may benefit
similarly from the enhanced acoustic differences provided in infant-directed speech

Second, to achieve the stretching, mothers produce vowels that go beyond those
produced in typical adult conversation. From both an acoustic and articulaton
spective, these vowels are “hyperarticulated” (Lindblom 1990). Hyperarticulaied
vowels are perceived by adults as “better instances” of vowel categories (Iverson and
Kuht 1995; Johnson, Flemming, and Wright 1993), and laboratory tests show tha
when listening to good instances of phonetic categories, infants show greater pl
netic categorization ability. The present study shows that hyperarticulated vowels
are a part of infants’ linguistic experience and raises the possibility that they play :
important role in the development of infants’ vowel categories.

Third, expanding the vowel triangle allows mothers to produce a greater variety of
instances representing each vowel category without creating acoustic overlap between
vowel categories. Greater variety may cause infants to attend to non-frequency-specili
spectral dimensions that characterize a vowel category, rather than to any one par
ticular set of frequencies that the mother uses to produce a vowel, and this may assist
learning (see Lively, Logan, and Pisoni 1993). Converting the formant values (o
spectral features shows that infant-directed speech maximizes the featural contras
between vowels (Kuhl, Andruski et al. 1997). This is especially critical for infants
because they cannot duplicate the absolute frequencies of adult speech— their
tracts are too small (Kent and Murray 1982). To speak, infants must reproduce th
appropriate spectral dimensions in their own frequency range (Kuhl and Meltzoll
1996). Our recent study indicates that maternal language input emphasizes these
dimensions. It is unknown whether adult birds tutor their infants using a special kis
of vocal signal, the equivalent of “songbird parentese.”

Brain Correlates

Since the classic reports of Broca (1861) and Wernicke (1874) on patients with lan-
guage deficits typical of aphasia, we have known that the two hemispheres ar
equal in the extent to which they subserve language, and this had in the past been
reported for birds as well (though see Doupe and Kuhl 1999 few recent data). In th
1960s, behavioral studies on language processing in normal adults contributed addi-
tional evidence of the left-hemisphere specialization for language (Kimura 1961
Using a method known as the “dichotic listening task,” researchers sent two difler
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ent speech signals simultaneously to the right and left ears and asked subiects
identify the suimuli they heard. The results demonstrated that people are significantly
more accurate at identifying speech sent to the right ear than to the left ear, an
that music showed a right-ear advantage; both were argued to be atiributable 10 the
increased strength of contralateral over ipsilateral fibers connecting the auditory |
put to the brain, and the fact that the left hemisphere (LH) of the brain was sp
alized for language, whereas the right hemisphere (RH) was specialized for mu
(Kimura 1961; Milner, Taylor, and Sperry 1968). The LH specialization was sl

not only for spoken language but for individuals words, the consonants and vowel
sounds contained in words, and even the phonetic features that formed the building
blocks for phonemes (Studdert-Kennedy and Shankwetler 1970). These studics pro-
vided powerful evidence that the left hemisphere controlled language processing in
adults, for units as small as the phonetic feature.

With the advent of modern neuroimaging techniques such as PET, positron emi
sion tomography (Peterson, Fox, Snyder, and Raichle 1990; Posner, Peterson, Fox,
and Raichle 1988), {MRI, functional magnetic resonance imaging, ( Neville ¢t al
1998), ERP, event-related potentials (Neville, Mills, and Lawson [992. Osterhout
and Holcomb 1992), and MEG, magnetoencephalography (Ndidtinen et al. 1997),
studies of the brain’s organization of language have appeared in increasing numbers.
It is early in this field, but there are some conclusions that take us beyond wha
studies have shown regarding language and the brain. The new studies suggest, [or
example, that there i1s not one unified “language area” in the brain in which linguis-
tic signals are processed. Different brain systems subserve different aspects '
guage processing, and the language-processing areas of the brain include many n
regions than the classic Broca’s and Wernicke’s areas (see Binder 1994 for review)

The imaging studies support the dissociation for processing speech and nonspeech

-signals found in earlier behavioral studies. Zatorre, Evans, Meyer, and Cjedde
(1992) used PET scans to examine phonetic as opposed to pitch processing. Subjects
in the study had to judge the final consonant of the syllable in the phonetic task
the pitch of the syllable (high or low) in the pitch task. The results showed that pho
netic processing engaged the LH whereas pitch processing engaged the RH. Thi
dissociation between the phonetic and nonphonetic processing ol auditory dimen
sions 1s mirrored in studies using vowels at different pitches and MEG, even though
the lateralization of vowels was less strong than that shown for consonants, as might
be expected from behavioral studies ( Poeppel et al. 1997).

Studies of deaf individuals who communicate using sign language provide an in-
teresting test for the hypothesis that the LH handles language processing. Because
visual-spatial information is typically thought to involve right-hemisphere analysis
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studies of sign-language processing by deaf speakers provided a method for examis
ing whether language involves left-hemisphere analysis in speakers whose language i
visual-spatial, a signal normally associated with right-hemisphere processing.

Studies of deaf individuals who have sustained cerebral damage and exhibit
sia indicate that in such individuals the left hemisphere rather than right hemsphere
is impaired (Bellugi, Poizner, and Klima 1989; Klima, Bellugi, and Poizner |988).
Studies using event-related potential methods show that in deaf individuals the lef
hemisphere regions normally used for spoken language processing are active du
processing of signed language signals (Neville, Mills, and Lawson 1992)

Given these results, an important question from the standpoint of development is
when the left-hemisphere becomes dominant in the processing of linguistic informa
tion. Lenneberg (1967) hypothesized that the two hemispheres are equipotential for
language until approximately two years of age, at which time left-hemisphere domi-
nance begins to develop and continues until puberty. However, this theory was con-
tradicted by data suggesting that children with LH versus RH damage at an early
age displayed different deficits in language abilities; early LH damage atfected lan
guage abilities more than early RH damage (Witelson 1987).

Behavioral studies established the right-ear advantage (REA) for speech for verbal
stimuli and the left-ear advantage (LEA) for musical and environmental sounds
using the dichotic listening task in children as young as 2.5 years of age ( Bever
Kimura 1963). But what of infants? Glanville, Best, and Levenson (1977) reported
an REA for speech contrasts and a LEA for musical sounds using a cardiac
ing procedure in 3-month-olds. There have been only two studies providing data on
infants’ differential responses to speech and music at ages younger than two months.
In one study, infants’ discriminative capacities for speech and music were examined
in 2-, 3-, and 4-month-old infants using a cardiac-orienting procedure. [he resull
demonstrated a REA for speech discnmination in 3-month and 4-month-old infants
but not in 2-month-old infants. In addition, a LEA was shown for musical-note dis-
crimination at all three ages. Finally, tests on 2-month-olds conducted by Vargha-
Khadem and Corballis (1979) showed infants discriminated speech contrasts equally
with both hemispheres. In other words, the results suggest that speech may not be
lateralized in 2-month-old infants, but becomes so by 4 months of age.

This issue of the onset of laterality and the extent to which it depends on linguistic
experience may be resolved with future research using techniques that can be used
throughout the lifespan. One such technique 1s the mismatched negativity (MMM, a
component of the auditorially evoked event-related potential (ERP). The MMIN i
automatically elicited by a discriminable change in a repetitive sound pattern and 113
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generation appears to represent the detection of a change in the neura

memory representation established by the repeated stimulus (see Nidtinen 990
1992 for review). MMNs to a change in a speech stimulus have been well docu
mented in adult listeners (see, e.g., Kraus et al. 1992). The MMN has heen estab
lished in children (Kraus et al. 1993) and most recently in infants (Cheour-1 ulitanen
et al. 1995; Kuhl 1998b; Pang et al. 1998). In adult ERP studies, a lelt-hemisphere
asymmetry is evident (Pang et al. 1998), but it has not been observed in newhb
(Cheour-Luhtanen et al. 1995).

In summary, there is no strong evidence at present that the bias toward lel
hemisphere processing for language 13 present at birth. The data suggest that it
may take experience with linguistically patterned information to produce the lefi
hemisphere specialization. Thus there is support for a specialization for language
infancy, but one that develops, rather than one that exists at birth. Moreover
input that is eventually lateralized to the left hemisphere can be either speech or
indicating that it is the linguistic or communicative significance of the signals, rather
than their specific form, that accounts for the specialization.

Conclusions

As first suggested by Peter Marler (1970), birdsong and speech share a numb
striking features: (i) evidence of innate perceptual predispositions that aid the acqui
sition of vocal communication; (it) dramatic effects during sensitive periods 1o ex;
rience with conspecific communicative signals both in perception and production
(1) vocal learning’s dependence on auditory input; (iv) visual effects that enhance
processing indicating perceptual-motor links and polymodal mapping ol informa
tion; and (v) early brain correlates supporting the control of communication. Theo-
ries will be furthered by interactions between these two fields. In humans, theoretica
progress 1S being made with detailed results of behavioral experiments on develop-
ment. In birds, information regarding the neural substrates are providing detailed in-
formation, thus making the two fields highly complimentary.

To summarize these points: research has shown that in the first year of lif

this subsequently alters their perception and production of speech. According to the
native language magnet model, perceptual learning early in life results in the forma
tion of stored representations that capture native-language regularities, The theory
emphasizes the role of linguistic input. Input does not act like a trigger for innately
stored information. Rather, it is mapped in such a way as to “warp” the underlying
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acoustic space. Stored representations act like perceptual magnets for similar pal
terns of sound. resulting in maps that specify perceived distances between sounds
and create categortes. The map shrinks perceptual distances near a catezory’s n
typical instances and stretches perceptual distances between categories. Perceptu:
maps differ in adults who speak different languages and are polymodally mapped
containing auditory, visual, and motor information. The magnet effects and the
mental maps they produce help explain how native-language speech develops, as we
as our relative inability as adults to readily acquire a foreign language.
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