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4 How the brain begets language

Laura-Ann Petitto

T first met Noam Chomsky through a project that attempted to get the baby
chimp Nim Chimpsky to “ralk.” At nineteen, with the certainty of youth, 1
knew that T would soon be “talking to the animals.” Nim was the focus of
our Columbia University research team’s Grand Experiment: could we teach
human language to other animals through environmental input alone with direct
instruction and reinforcement principles? Or would there prove to be aspects of
human language thatresisted instruction. suggesting that language is a cognitive
capacity that is uniquely human and likely under biological control? Ni:n was
affectionately named ~Chimpsky™ hecause we were testing some of Chomsky s
nativist views. 'To do so, we used natural sign language. Chimps cannot literally
speak and cannot learn spoken language. But chimps have hands, arms. and
faces and thus can, in principle, learn the silent languzage of Deaf people.

By the early 1970s. a surprising number of researchers had turned 1o learning
about human language through the study of non-human apes. Noam Ch(}msk;
had stated the challenge: important parts of the grammar of human language are
mnate and specific to human beings alone, Key among these parts is 1}1:3 schciﬁc
way Lhat humans arrange words in a sentence (syntax). the ways that humans
change the meanings of words by adding and taking away small meaningful
parts to word stems (morphology), and the ways that a small set of nmunindess
sounds are arranged to produce all the words in an entire language (plmnol(:gy).
The human baby, Chemsky argued. is not born a “blank sTate” with only the
capacily to learn from direct instruction the sentences that its mother yein-
forces in the child's environment. as had been one of the prevailing tenets of a
lamous psychelogist of the time, B, T, Skinner, Nor are babies b{)n;wilh innate
knowledge of a specific language, which had been ene caricature of Chomsky s
innateness vicws of the time. What is innate in the baby. instead. is tacit knowl-
edge of the Anite set ol possible grammars that world languages could assune
(the linite set of units and the relations among them that make up a seutential
string, and the finite ways that they move 1o form different arraneements in
sentences). Innately equipped with this tacit knowledge of the I'initegsct of pos-
sible language units and the rules for combining them. the baby listens (o the
patterns present in the specific language sample to which she is being exposed,
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and “chooses™ from her innate st of possible grammars the grammar she is
hearing. Chomsky's brilliant theoretical proposals on these topics had se cap-
tured the imagination of the internaticnat public — and we were all so much in
(he thick of arguing for or against the innateness of language and other forms
of higher human cognition — that history would soon ceme to cail this period
the “Chomskyan Revolution.”

My departurc from Project Nim Chimpsky in the mid 1970s to attend graduate
school in theoretical linguistics at the University of California, San Diego,
was bittersweet. It had become clear that while Nim had some impressive
communicative and cognilive abilities. there was a fundamental divide between
his knowledge and use of language and ours. No one can “alk to the animals”™
by sign or otherwise. Nim's data, along with our close analyses ol data frony all
other chimp language projects, unequivocally demonstraied that Chomsky was
cotrect: aspects of human language are innate and unique, requiring a human
biclogical endowment.

Guided (and inspired) by Noam Chomsky's theoretical formulations of
human syntax and morphology, we discovered that chimpanzee and human
syntax are fundamentally ditferent. While apes can string one or two “words™
together in ways that seem patterned. they cannet construct patterned sequences
of three, four, and beyond (“words™ and “signs” arc homelogous). After pro-
ducing a “matrix” two words, they then — choosing from only the top live or so
most frequently used words that they can produce (all primary food or contact
words, such as ear or tickle) — randomly construct a grocery list. There is no
rhyme or reason 1o the list, only a word salad lacking internal organization.
Remarkably. moreover. chimps never produce word merphology. They do not
seem to have any understanding of a basic word stem, nor ol modifying its
meanings by adding small meaninglul word parts {‘morphemes”) that we bind
or “aflix” in highly patterned ways to word stems. If they were to naturally
acquire the word fruii7 (which they don’t) they would not readily acquire fruiry,
Fruitful . unfruitful, fruitfulness . .. Born with no capacity at all to make the
stem/altix distinction. they never — unlike human children. who gquite quickly
develop the ability to understand and use alfixed rerms — develop it later.

Add to this picture the fact that the actual physical forms of chimp lexical
productions vary trom onc time to another in very unsystematic ways. This
is not a matter of chimps having bad or inumature “pronunciation™ of their
lexicon. nor is it due to differences between the hands of chimps and humans.
Instead. their lexical productions are not patterned and their production errors
are random — not drawn from the linite sot of units from which all of their words
and sentences are built. This tact never changes over chimp development. In
short. chimps lack sign phonology. 1t has always interested me that despite the
controversial abilities attributed to chimpanzees in the “Ape-Language Wars”
over the decades, no researcher has ever dared to claim that any chimp has
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mastered the phonological aspect of human language organization. This deeply
relling tact is returned to below,

Alas, the whole story is even worse than irregularities in chimpanzees” syntax,
morphology. and phonology: the very meanings of their words were “off.” For
one thing. chimps cannot, without great difficulty. doequire the word frueir. While
apes scem o have some capacity to associate words with concrete things and
events in the world they inhabit, unlike humans, they seem to have little capaciry
to acquire and readily apply words with an abstruct sense. Thus, while chimps
can associate a small set of labels with conerete objects in the world (apple for
apples, arange for oranges), they have enormous difficulty acquiring a word
like fruii. which is a classification of both apples and oranges. There is no
tangible item in the world that is literally fruit, only instances or examples of
this abstract kind-concept that seems to exist only in human heads,

[-or another thing, chimps do not wse words in the way we do at all. When we
hunwans use the common neun aiple in reference to that small round and juicy
object in the world that we eat, we do not use it to index (pick out} only cne
object in the world (say. a specific red apple on a table). nor do we use it to refer
te all things. locations. and actions globally associated with apples. Instead we
use the label to “stand for” or symbolize the set of related objects in the world
that are true of this particular kind-concept in cur heads. Crucially, we also know
the range or scope over which word kind-concepts may apply: for example. the
label apple symbolizes a set of relaled ofjects and therefore this label is used
only in reference to objects, not actions. (We further know how kind-concepts
such as apple actin a sentence. L.e. what forms it can accept. like the noun plural
marker -s. and what forms it cannot accept, like the verb presenl progressive
marker -fizg.) Although chimps can be experimentally trained to use a label
across related items (such as the use of the sion gpple while in front of a red
apple or & green apple). children learn this effortlessly without explicit training.
and chimps’ spontancous label-usage respects none of the above underlying
constraints. Chimps. unlike humans. use such labels in a way that seems to rely
heavily on some global notion of association. A chimp will use the same label
apple 1o refer to the action of eating apples, the location where apples are kept.
events and locaticns ot objects other than apples that happened to be stored with
an apple (the knife used to cut it), and so on and so forth — all simultaneously,
and without apparent recognition of the relevant differences or the advantages
of being able to distinguish among them. Even the first words of the young
human baby are used in a kind-cencept constrained way (a way that indicates
that the child’s usage adheres to “natural kind” boundaries — kinds of events.
kinds of actions, kinds of objects, etc.). But the usage of chimps, even after years
of training and communication with humans. never displays this sensitivity to
differences among natural kinds. Surprisingly, then. chimps do not really have
“names for things™ at all. They have only a hodge-podge of loose associations
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with no Chomsky-type internal constraints or categories and rules that govern
them (Scidenbery & Petitio 1979, 1987: Terrace et al. 1979). In effect. they do
not ever acquire the humar word apple.

My disappoiniment with chimpanzee language was, however, balanced .by
the prospect of pursuing an intriguing hypothesis. Because humans can readily
acquire both signed and spoken natural languages. they must. {reasoned. posscss
something at birth in addition to mechanisms for producing and pereeiving
speech sounds that makes this possible. ['v anted to discover what this elusive
»something” could be. .

By the mid 1970s, linguistics and psychology (especially adult psycholin-
wuistics and child developmental psycholinguistics) were ubuzz with excitement
Ewer Chomsky’s “language acquisition device™ (LAD). As stated in general
terms above, he LAD assumes innate knowledge of a set of universal and
specifically linguistic elements and relations. Armed with such kn(.)wlcdge'. the
young child can (i) narrow the range ol possible grammars consistent \:“llh a
partial (and often defective) set of sentences {the “primary linguistic daFH ) .am.(l
(i1 fix on a theory (1 grammar) for the specific native language to which ~1t is
exposed. My specific questions foeused on mechanisms: if such a LAD.g‘xlsts.
preeisely how might the human brainembody it? How might innate, spccmculiy
linguistic knowledge of the set of basic elements and relations be encoded
nc(xral tissue? [ knew that altempts to undersiand this would provide a key to
what biologicallv dislinguishes human language (including human minds and
brains) from the communication of other animals.

The biologieal foundations of human language

It is not surprising that most linguists. along with most ol those who think
about the biological foundations of language, closely associate language with
speech. For most of us, speech comes early and remains the primary modality
lor linguistic expression. 1t is a mistake, however, o associate language and
speech too closely. Natural languages must be defined more abstractly, anq 'the
science of language must be able to deal with evidence from other modalities.
An excellent reason for thinking this is that signed languages are acquired at
the same rale as verbally expressed ones. They also reflect the same universals
(“principles™. So. language must be defined in a way that applics as easily to
sign as it does to speech. To someone like me. who is interested in bqth .lhc
development of language and its neural embodiment. this fact raises intriguing
questions,

A superficial reading of Chomsky s early and current work — both formal and
informal — might give the impression that he, like many others. closely asso-
ciates language and speech. [n his formal work. for example. he calls one ol the
“interlaces™ of the language faculty “phonetic form™ (PF) [recently: PHON].
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Informally, when arguing against philosophers who seem often to think of
the words of languages as marks on a page, he points out that specch is cer-
tainly prior to marks on page or stone. and that words are sounds in the head.
But a closer reading — confirmed by inany inspiring discussions that 1 had
with Chomsky beginning in the early 1980s when I was a doctoral student af
Harvard — indicates that he has a much more abstract characterization of
language and its acquisition in mind.

Chomsky is also famous for insisting that his formal view of linguistic com-
putation is not a view of “real-time” neural processes. Moreover. he strongly
resists the ideologues who want to tell us that mental processes arc “nothing but”
neural processes. So. those who study his work might get the impression that he
dislikes neural and brain evidence. But this impression too is wroeng. His basic
view is that the neural investigation of language is still in its very early stages
and at the moment the linguist is in a much better position to tell the neuro-
physiologist what to look for than the other way around. He welcomes good
studies and evidence on the matter. One purpose of this chapter is to describe
what is, I hope, some evidence of this sort.

Studies of very early signed-language acquisition offer an especially clear
windew into the biological foundations of all of human language. Speken and
signed languages uiilize different perceptual modalities (sound versus sight),
and the motor control of the tongue and hands are subserved by different neural
substrates in the brain. Comparative analyses of these tanguages. then, promise
nsights inte the specific newral architecture that determines early human lan-
guage acquisition n our species. Tf, as has been argued, very early human
language acquisition is under the exclusive control of the maturation of the
mechanisms for speech production and/or speech perception (Locke 2000:
MacNeilage & Davis 2000), then spoken and signed languages should be
acquired in radically different ways. At the very least. fundamental differences
would be predicted in the maturational time course and strucnire of spoken
versus signed language acquisition, presumably due to their use of different
neural substrates in the human brain.

I have conducted comparative studies of monolingual hearing children
{groups acquiring English, and others French) and monolingual deaf children
(acquiring American Sign Language. ASL. or Langue des Signes Québécoise.
L5Q) from ages birth through 48 months. T have also conducted studies of
young bilinguals in “typical™ contexts. such as babies acquiring French and
English. These bilinguals were compared to two extraordinary cases of child-
hood bilingualism: bilingual hearing babics acquiring a signed and a spoken
language from birth, as well as bilingual hearing babies acquiring two signed
languages but no spoken {anguage. Further. T have conducted comparative stud-
tes of how the human brain processes highly specific aspects of natural language
structure in profoundly deal adults processing signed language as compared Lo

[How the brain begets language 89

hearing adults processing spoken language. using modern Positron Emission
Tomography (PET) brain-scanning technology. The empirical findings from all
of these studics are clear. They show surprising similarities in the overall time
course and structure of early signed and spoken fanguage accuisition as well as
in their neural representation in the human brain. Below, 1 briefly summarize
each set of key findings and offer a hypothesis about some of the neurelogical
mechanisins that permit human language acquisition to begin. Then T suggest
some implications for Chomsky’s view of language,

Milestone data

Meonolingual signing versus speaking babies

Deaf children exposed 10 signed languages from birth acquire these languages
in the same stages and at the same times as heaving children who acquire spoken
languages, The stages Include the “syllabic babbling stage™ (6-10 months) as
well as other developments in babbling. including “varicgated babbling™ (ages
10-12 menths), “jargon babbling™ (ages 12 months and beyond). the “first
word stage” {9—14 months). the “tirst two-word stage” (17-26 monihs), and the
crammatical and semantic developments beyond.

} Signing and speaking children also exhibit remarkably similar semantic, dis-
course, and pragmatic complexity in their development. For example, analyses
of voung ASL and L8Q children’s social and conversational paticras of lan-
suage use over time, as well as their expressions ' conceptual content, categorics,
and referential scope, demonstrate unequivocally that their language acquisi-
tion follows the identical path seen in age-matched hearing children acquiring
spoken language (Petitto 2000},

Bilingual hearing babies acquiring o signed and a spoken lunguage

Recent work locuses on two very unusual populatiens that provide darta rich
with theoretical implications: hearing children in bilingual. “bimodal ™ (signing—
speaking) homes. and hearing children who are not exposed to spoken language
at all in carly life, only to two signed languages. First. the bilingual learing
children c,\'p;)sed w0 both a signed and a spoken language from birth (e.g. one
parent signs and the other parent speaks) demonstrate no preference what-
soever Tor speech. cven though they can hear. For cxample. these speaking—
signing bilingual children acquiring French and 1.8Q produced their (irst word
in French and their first sign in LSQ at the same time, Tndeed, each of these
signing—speaking children’s languages are acquired on an identical timetable,
and this timetable is the same as (or other bilingual children acquiring, for
example. French and English from birth: it is cven the same, remarkably. as the
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timetable for monolingual children! And contrary to fears of conlusing chil-
dren by exposing them too early to two languages, bilingual children simulta-
neously exposed to two languages from birth achieve their linguistic milestonay
on the same timetable as monolinguals, revealing no language delay or con-
fusion (Petitto et al. 2001: Charron & Petitto 1991; Holowka. Brosseau-Lapré
& Petitto 2002: Koveliman & Petitto 2002, 2003: Petitto & Holowka 2002:
Petitto & Kovelman 2003: Petitto, Kovelman, & Harasymowycz 2003}, But
the findings [rom: the signing—speaking children provide us with data that have
particularly clear theoretical implications. I speech per se were neurologically
privileged at birth, then these children might have been expected to glean any
maorsel of sound that they could get, perhaps even turning from the visually
signed input. Instead, they acquire both the signed and the spoken languages to
which they are exposed on an identical maturational timetable.

Second, and perhaps even more surprising, are data from a study I was
fortunate enough to undertake of an extraordinary group of bilingual children,
Although these children could hear, their profoundly deaf parents had exposed
them exclusively to two signed languages from birth through early childhood,
with no speken language input. For example, in one family, the deaf mother
was from the United States and signed ASL and the deaf father was from
Qucbec und signed LSQ. These children achieved all milestones in their two
signed lunguages on the same timetable as each other and in the identical
manner observed inn all other bilingual and monolingual children (Petitto 2000).
Moreover. this same pattern of development was also observed in yet another
particularly interesting group of children - a group of hearing monolingual
babies who were exposed exclusively to one signed Janguage (no speech). Here,
as above, these children achieved all of the classic language milestones in sign
language on the same timetable as hearing babies acquiring speech, including
babbling on their hands, but not vocally because they had never been exposed
toy speech (Petitto ot al. 2001).

Summarizing so far, entirely normal language acquisition occurs in pro-
foundly deaf children exposed only to signed languages, hearing bilingual
babics acquiring a signed and a spoken language simultaneously. and. most
remarkably, hearing children without any spoken language input whatsoever,
only signed language mput. These data clearly provide no support tor the pre-
vailing hypothests that normal human language acquisition in all children is
determined primarily by the maturation of the mechanisms to hear and produce
speech. Interestingly. the hearing bilingual babies who were presented at birth
with a tacit choice {speech versus sign) attended equally to these two inpurt sig-
nals, showed no preference for speech whatsoever, and achieved every language
milestone equally and on the same timetable as monolinguals. Moreover, the
hearing babies exposed cxclusively to signed language exhibited normal lan-
guage acquisition (albeit in sign) and did so withows the use of the brain’s
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auditory and speech perception mechanmsms. and without the use of the motor
mechanisms used for the production of speech,

Structural data

Homologies in signing and speaking babies

Researchers trying to understand the biological roots of human language have
naturally tried Lo find its “beginning.” The regular onset of vocal babbling —
bubaba and the other repetitive, syllabic sounds that infants produce — has led
rescarchers to conclude that babbling represents the initial manifestation of
human tanguage acquisition. or, al least, of language production. Babbling —
and. by extension, early language acquisition in our species — has heen said to be
determined by the development of the anutomy of the vocal tract and the neuro-
anatorzical and neurophysiological mechanisms subserving the motor control
of speech production. In this view, baby babbling is at first a fundamentally
motoric behavior, rather than a linguistic activity, Here, babies learn language
by pairing these motoric forms — through learned associations — with meaning-
ful words in the environment (c.g. MacNeilage & Davis 2000), The existence
ot babbling has been lurther used to argue that the human language capacity is
exclusively linked newrologically at birth to innate mechanisms for producing
specch in the development of langusge in a child, or ontogeny (Liberman &
Mattingly 1989). It has alse been presented as proof that human language
evolved over the period of human phylogenetic development exclusively from
our species’ ineremental motoric ability to control the mouth and the jaw mus-
cles (Lieberman 2000).

In 1991, my graduate student Pavla Marentette and I reported a surprising
discovery, the existence of babbling on the hands of profoundly deaf babies
{Petitto & Marentette 1991). Through intensive qualitative analyses of the hands
ol young deat babies exposed 10 sign as compared to hearing babies exposed
to speech (ages 10 1o 14 months). we found a discrete class of hand activity in
deaf babies that was structurally identical (o vocal babbling observed in hearing
babies. Like vocal babbling, manual babbling possesses (i) a restricted set of
“phonetic™ units (unique to signed languages) and (i1) syllabic organization. It
is also (iii) used without meaning or reference. This babbling hand activity was
also different from all babies” other hand activity. be they deat or hearing. fis
structure was particularly distinet from all babies™ communicative gestures, or
the deaf babies’ attempts to produce real signs.

The discovery of babbling in the silent modality of the hands disconfirmed
the view that babbling is neurologically determined wholly by the maturation
of the ability to talk. Instead. it confirmed a claim central to Chomsky’s theory:
that carly language acquisition is governed by tacit knowledge of the absiract
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patterning of language that is biologically endowed in the species, and that thig
governance is so powerful that it will “out” itself by mapping onto the tongue
It given the tongue. or the hands il given the hands — all the while preserv-
g linguistic structures across the two modalities. The deep commonalities
between the linguistic patterns expressed on the tongue in hearing children’s
vocal babbling and those seen on the hands of deaf children’s silent babbling
(independent of the tongue) teach us that Chomsky’s prophetic emphasis on
language’s core underlying principles and patterns (not the peripheral ability to
talk) are the organizing force behind our extraordinary capacity for language,

[tiscrucial that the Petitto & Marentette (1991) study discovered the existence
of syllabic organizaiion in the deaf babies” silent hand babbling. Like spoken
language. the structural nucleus of the “sign™ (identical to the “word ™) in signed
languages is again the syllable. Although the precise quantitative properties of
this thythmic activity were not known at the time (sce below), in signed lan-
guages. the sign-syllable consists of the rhythmic closing and opening (and/or
the rhythmic hold—movement/movement—hold) alternations of the hands/arms.
This sign-syllabic organization has been analyzed as being structurally homol-
ogous with the closing and opening of the mouth aperture in the production of
consonani—vowel. CV (closed—open) mouth aiternations in spoken language.
The convergence of similar syllabic structures unique to babbling, be it on the
hands or the tongue. suggested once again that something other than peripheral
factors, such as the mouth and jaw. was driving this fundamentally linguistic
behavior in young humans. Something else was guiding this powerful con-
vergence of structure on two radically different medalities. Discovering what
this was would bring us closer to discovering the underlying brain mechanisins
(should they exist) that could make possible Chomsky s formal proposals about
early language acquisition -- his LAD.

A key clue about where to look cmerged from the study of deaf babies’
hand babbling. When they produced hand babbling. their hands scemed to
move wilh a different rirythm than their other hand movements — those that all
babics make. Bur was this difference real? Maybe babies exposed to signed
languages simply used their hands more than babies exposed te speech. So my
celleagues and 1 conducted a quantitative study of young baby hands using
innovative lechnology, called “"Oplotrak”— optoelectronic position-tracking —
in an attempt to identify the ¢uantitative riivihoic properties that underlie all
babies’ hand activity, Bul to test the strength of our own views, we wanted
1o put them through the hardest possible test. So we examined the hands of
typical young hearing babies acquiring spoken language and that rarc group ol
babies mentioned above: hearing babies exposed only to signed languages from
birth {no spcech). Both groups of babies were equal in all respects, except for
the modality of language upul. It babbling (and. by extension. carly language
acquisition} 1s determined by the development ol the control of the mouth alone,
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then both groups ol babies™ hand activity should be the same. Alternatively,
it babbling is a linguistic activity that reflects babies’” sensitivity lo specific
patterns at the heart of human language and their capacity to use them, then
the two groups of babics’ hand activity should differ. Indeed, as Chomsky had
argued in his LAD_ if babies are bern with tacit knowledge of the core patterns
that are universal to all languages, even signed languages. then the linguistic
hypothesis predicts that differences in the form of language input should yield
differences in the hand activity of the two groups. In biological terms, tacit
knowledge was construed as the baby’s sensitivity 1o specific patterns at ihe
heartof human language — in particolar, the rhythmic patterns that bind syllables,
the clementary unils of language, into baby babbles, and then into words and
sentences.

The precise physical properties of babies” hand activity were measured by
placing tiny light-emitting diedes (LEDs} on their hands. The LEDs transmitted
light impulses to cameras that. in turn, sent signals into the Optotrak system.
This information was then fed into computer software that provided us with
the timing, rate, path movement, velocity, frequency, and sophisticated 3-D
graphic displays of all baby hand activity. Optotrak computations were calcu-
lated “blind” to videotape reference to the babies™ hands (we did not see the
babics’ hands in the first part of the study, only the lighted dots on the computer
screen). Independently. on-line videotapes werc made of all babies for post-
Optotrak analyses. This method. then, provided the most accurate and rigorous
quantitative analysis of moving hands to date, and an advance over previous
subjective classification of baby hands from videotapes.

The quantitative Optotrak analyses revealed that hearing sign-cxposed babies
produced two types of hand activity, while the hearing speech-exposcd babies
only produced one. Sign-exposecd babies produced a significantly different type
ol low-frequeney thythmical hand activity. with a frequency around / Herrz,
and another type ol fiigh-frequency rhythmical hand activity, with a frequency
around 2.5-3 Herrz — the type that the speech-exposcd babies used nearly
exclusively! Further, sign-exposed babies”™ low-frequency hand activity corre-
sponded to the rhythmical parterning of adult sign-syllables and. after lilting
the “blind.” videatape data revealed that this hand activity alone exhibited the
qualitative properties of sitent linguistic hand babbling.!

Remarkably. a dramatic dissociation of two hand-movement types (linguistic
vs, motoricy was carved onto a single manual modality dillerentiated by dif-
ferent rhythmical frequencies, This could only occur if babies find salient, and
can make use of, the rhythmical patterning underlying human language. This
evidence indicates that speciiic rhythmical patterns underlie baby babbling, and
these reflect highly specific rhythmical sensitivities that babics must be born
with. These sensitivities correspend to highly specific aspects of the patterning
of natural language and almost certainly constitute one ol the central biological
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mechanisms by which babies discover the patterns of their native grammar in
the linguistic sireain around them (Petitto et al. 2001; Patitto et al. 2004),

In a new twist on a classic theme, we further wondered just how similar

very carly language percepiion is across sign and spoken languages. By around
4 months. all babies have the universal capacity to discriminate categori-
cally all the phonetic-syilabic units found in the world's spoken languages
(such as [ba] and |pa]). even those that they have never heard. But by around
14 months. most babies have lost this universal capacity and have instead gained
an increased sensitivity to detect the phonetic contrasts in their native lan-
guage. In order to test the neural basis of this capacity — is it a penaral acoustic
or a specific linguistic capacity? — we built an infant-controlled Habituation
Laboratory and showed hearing monolingual babies (never exposed to sign)
moving images of hands. But these hands were phonetic-syllabic units in ASL
(below). As with speech. we found that these babics demonstrated categorical
discrimination of ASL hand phonetic-syllabic units at age 4 months. which they
lost by 14 menths (Baker. Isardi, Golinkoff & Petitto 2003: Baker, Soutsman.,
Golinkoff’ & Petitto 2003). Intriguing resulis were then scen in hearing bilin-
gual babies (never exposed to sign) who looked like our young monolinguals
at age 4 months. But at age 14 months they showed a linguistic “advantage™
they demonstrated increased sensitivity to phonetic units over their monolin-
gual peers, suggesting that experience with multiple languages can serve as a
“perceptual wedge,” keeping open longer the capacity to discriminate a wider
range of phonetic units than their monolingual peers (Norton, Baker & Petitto
2003). Here. Irom the new perspective of infani language perception, these
resulis provide compelling support that the sensitivity to phonetic-syllabic con-
trasts is a fundamentally linguistic (not general acoustic) process and part of
the baby’s biological endowment.

Before closing this line of studies. we decided to take one fast look. This
time we examined only the everyday hearing baby learning a spoken language.
Again we asked, “is babbling a linguistic versus a motoric activity?” But now
we also wanted to understand when the human fanguage capacity emerges in
early life and — crucially, for me, because of a research desire that was born
after my work with Nim — to find whar its neural basis is. Our challenge was
answering these questions in a way that would not hurt or unsettle young babics.

To gain another perspective on these issues, we carried out another study. It
is a notable fact that adults tend ro 1alk out of the right side ol their mouths, This
seems 1o be due to the fact that our brain’s feff hemisphere is deing the lion's
share of our language-processing. (We do not see this right mouth asymmetry
when we speak to others because our brains correct the uneven image.) Tntrigued
by this fact of cerebral organization, we wondered whether baby babbling might
be produced more out of the right side of infants’ mouths, thereby reflect-
ing the involvement of their left hemisphere’s language-processing centers.
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Encouraged by the availability of a non-invasive measure (below) (o assess the
[ateraiity of mauth movements in adults. we applied it for the first time to baby
mouths. This also gave us an opportunity to find out whether there was evidence
of lateralily in other forms of mouth sctivity. Specifically, would babies produce
smiles out of the left sides of their mouths (reflecting the involvement of their
right hemisphere’s emotion-processing centers)? And would babies produce
non-habbling vocalizations somewhere in between the left and right sides of
their mouths?

Ten babics were studied at the onsct of their babbling stage. five English
babies and tive French. This was an important study design consideration to
ensure that no language-specific eflects were being revealed on babies” mouths.
The standard measure of mouth laterality — called the “Laterality Index™ — was
used, which has been used around the world in the study of adults. especially
adults after sulfering a neuropsychological trauma {e.g. from a stroke) to deter-
mine what brain tissue had been impaired and spared. We found that babies
bablled out of the right side of their mouths. smiled out of the left. and produced
non-babbling vocalizations somewhere in between. This study was the first to
demonstrate left-hemisphere cerebral specialization for babies while babbling
which. in turn, suggests that language tunctions in humans are lateralized from
a very early point in development (Holowka & Petitto 2002).7

Summary: significance of studies of early signed and spoken
language acquisition

Summarizing these studies of sign—speech homologies. it seems clear that
despite modality differences, signed and spoken languages are acquired in vir-
teally identical ways. The differences observed between children acquiring a
signed language versus children acquiring a spoken language are no greater
than the differences observed between hearing children learning one spoken
lunguage, say, ltalian. versus another, say. Finnish. These findings cast sericus
deoubt on the core hypothesis in very early spoken language acquisition that
the maturatien of’ mechanisms for the production and/or perception of speech
exclusively determine the time course and structure of early human language
acquisition, They also challenge the hypothesis that speech (sound) is critical to
normal language acquisition. and the relaled hiypothesis that speech is uniquely
suited to the brain’s maturational needs in language entogeny. What these data
suggest. as Chomsky had hypothesized. is that language dees indeed have innate
computational systems, But here is the added observation that language will
co-opt whatever provides 1t with an opportunity to develop in accordance with
its innate agenda, This innate agenda seems perfectly happy to accept and use
language on the hands (if presented with signed language} or the tongue (I
the ambient language is a spoken one), That this should be true is stunning
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testimony to the power of this innate agenda, that is, the brain’s specified neural
sensitivity to a core set of patterns underlying human language, and the corol-
lary fact that an innate agenda must exist in the first place. But, again, where is
this “patterning” taking place?

Testing hypothcses about the biological-neurological foundations
of language with PET studies of signing and speaking adults

The left hemisphere of the human brain has for over one hundred years been
understood to be the primary site of language processing (Wernicke 18743,
As in early language acquisition, the fundamental explanation for this fact has
been that language functions processed at specific left-hemisphere sites reflect
its dedication to the motor articulation of speaking or the $ENSOTy processing
of hearing specch and sound. Contemporary functional imaging studies of the
brain have provided powerful support for this view, inciuding those demonstrat-
ing increased regional cerebral bloed flow (fCBF) in specific portions of the
lett hemisphere when searching, retrieving, and generating information about
spoken words (specifically, in the left inferior frontal cortex, called the LIFC).
This view is especially cvident regarding the left Planum "Temporale (PT), and
to a lesser extent the right PT, which participates in the processing of the mean-
ingless phonetic-syllabic units in all spoken language. The left PT forms part
of the classically defined Wernicke's receptive language area, receiving projec-
tions from the primary auditory afferent system, and is considered to constitute
a unimodal secondary auditory cortex (for a complete report of these issues
and the present PET study under discussion, sec Petitto et al. 2000}, These
data and studies do not, however, resolve the fundamental question of whether
these brain sites involved in language processing are devoted to speaking and
hearing, or whether they constitute tissue that is befter thought of as dedicated
to aspects of the patterning of natural language. For these data and studies
de not exclude the possibility that areas of the brain thought to be “devoted”
to speech perception and production are also those employed in human sign
languages, '

The existence of natural signed languages provides key insights into whether
language processed at specific brain sites is due to the tissue’s sensitivity 10
sound per se, or to the patterns encoded within it. In a study 1o test this, we
measured TCBF while deaf signers underwent PET brain scans, which we co-
registered with their MRT anatomical brain scans. Vital to this study’s design
was our examination of two highly specific levels of language organization in
sigried languages, including the generation of signs (lexical level) and phonetic-
syllabic units {sublexical level: meaningless parts of signs). As I mentioned
before, this level of language organization is found in all the world’s languages
(be they signed or spoken) and comprises the restricted set of meaningless
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anits from which a particular natural fanguage 1s constructed.” l\f‘ th_tj k‘)ga‘m s@zs
underlying the processing of words and pa.u'(s 01‘ \Tvords are ?pC.Llah‘lLL( .‘5p|cc1 1"1
cally for sound. then deat people’s processing of signs an»d parts nf‘mhgmi s 1((j)u d
e.nﬂ;ge cercbral tissue different from that f:le.'issmally lmked‘ 1o spluef_].. :n;‘
\.wc;sely, if the human brain possesses sensipvlty 1o aspects of the pmtl,l n:y_‘ (:
patural language, then deat signers processing these specThc 18\-’6.31.8 oi d{]“t_}l_dée
oreanization may engage tissue siniifar to that observed in I?earmg spea us. 1
‘We siudied two entirely distinct cultural groups Aof deal pguple Wlth u\\?‘(
rwo distinet natural signed languages. Five were nalive acult 51g1}cr§ o’r.{%mui
ican Sien Language (ASL: used in the United States an,d ]’)artls of Canédd‘) anc
¢ix were native adult signers of Langue des Signes Queb‘ecmse {LSQ: Llﬁef!lin,
Québec and other parts of French Canada). ASL{and .LSQ are grmmrfalma y
autonomous signed languages: our use of two (listl.nct signed languagc_s ?()’11‘5F1~
tutes another significant design consideration. unique 1o th.e present leyse.a.mht
introduced to provide independent, crosslinguistic replication pf the findimgs
within a single study., We further compared these eleven deat peopl.e to le>1;
English-speaking hearing adult controls who had no knowledge of signed
Ao |
Lm"F\t\lf?)gf;;lin (indings emerged from this Petitto et al. (2000) stiedy. FH‘SI‘. ,lf.mh
the deaf people processing genuine signs and the hcm‘mg conlrpls 2 OL{,bb‘ll‘fg
words exhibited clear cerebral bloed flow increases thl-un the identical b1a1‘n
region, the lell inferior frontal cortex (LIFC). This hn.(lmg dem(msn:u‘tm:l t-htnl
one component of processing human language (sgmgthmg as abstract as ltx11c:
search and retrieval) was housed al a specific brain site. Because both lamgu?__.e
on the hands and language on the tongue were Proc.essed.at the same bl:l%ll
site, it supported a surprising hypothesis: there exists .lxssuc in the hLl-n.]aI)'l lj:dlll-
dedicated to a function of human language striciitre independent of speech o
s(JLrlrr}“it second major discovery involved tissue universally vicuie‘d as b'c.lﬁ%
literully tied to sound processing, again the ’Plam'lm Temporale or P‘I . T:pec.m. 13
the processing of the small phonetic-syllabic unys that l'll’dkl? upa sp? en W(l_ui .
Here we witnessed robust activation in the profoundly Ficul peo.ple s PT w} H el
they were processing meaningless parts of signs (phonellC—syllabnc 01\&11113.11671(:?1)
parts of a sign on the hands). This was the rem‘arkuble lhmj;: how LOLll ( I:(.IIL‘
be activity in sound tssue in the brains of pmfoundl.y deui people who nev 5.31!
heard sound? The activity could not be due to processing based on any m‘lc‘hlon)1
representations as they are traditionally unde}'stood —the 1}'ansd‘uctlon' F){ sounz
waves, and their pressure on the nner ear. 1fo .nt.iura.il signals. [n- W 1\[‘11%[;.1\%
thesc specific results, we demonstrated neural ac.[wny in whz.n has }.nv[hut.o luan
thought 1o be exclusively auditery cortex by using purely visual ?’tlmull - HUL,
Cl‘lIC:l-'d”\f. the visual stimuli were linguistic. Thus, ralher lha}n being ciecilca[e.d‘
exclusi\jely to sound (as had been thought for generations) it must be that this
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tissue is instead dedicated to linguistic parrerns in the input — specifically to
the patterns inherent in rhythmically contrasting phonetic-syllabic units — be
they paiterns on the hands or the tongue. In short. we found the biological
instantiation of a key level of Chomsky's “hierarchical™
organization: phonology.

Finally, we randomized the MRI anatomical brain scans of all of these deaf
and hearing subjects, flipped the x-axis so that no one knew il they were looking
arthe subjects” teftor right hemispheres, and then computed the gray- and white-
matter tissue volumes in all of these brains® classic sound tissue (primary and
sccondary auditory cortices) — without ever knowing the hearing status of the
brains being analyzed. In a nutshell. we found that there were no differences in
the gray-matter volumes in the deaf and hearing peoples” sound tissue (meaning
that there was no cell loss in the sound tissuc of profoundly deal peaple as
compared to hearing people) and no differences in the white-matter volumes
between the groups {meaning that there was no loss of neuronal input to this
sound tissue), Surprisingly. like hearing people, there was a greater left-versus-
right-hemisphere asymmetry in the sound tissue of the deal people (lor a [uil
report of these findings see Penhune et al. 2003). How could this be? Why
doesn’t sound tissue shrivel up and die in deaf brains? Here, as above, it must
be that such tissue is sensitive (o specific linguistic patterns in natural language
{not sound) and the on-going processing of sign language provides the tissue
with just those linguistic patterns to keep it alive and kicking!

Together such facts demand that those who study language and its acquisition
introduce hypotheses of the mind/brain that make sense of how this is possible,

levels of language

Adaptive phonological differentiation

When examining the sublexical level of language organization of signed
and spoken languages we find striking commonalities: both employ a highly
restricted set of units organized into regular structured patterns — patterns that
amount to rapid thythmically alternating maximal contrasts. This suggests an
hypothesis {albeil in a nascent form) that speaks to how visual images might
activate auditory brain tissue. And it might at least focus further research efforts,
forexample, to explain what exactly it is about the ncurons of the human PT and
thelr connections to other systems in the head that gives the specific multimodal
iinguistic-pattern-responding character it has, The PT can be activated either
by sight or sound because. | suggest, this tissue {or at least a parl of it) has
specitic neurons or groups of neurons working in concert that. when activated
by appropriate input patterns, responds sclectively to specific distributions of
complex. low-level units in rapid rhythmic alternation. These distributions are
those that. informally. we think of as natural-language phonological structure.
To be sure, PT tissue does also, in general, deal with sensory sowad input — the
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PT is typically employed in hearing humans in processing non-linguistic sound
inputs. and its homologue in the brains of some apes apparently performs only
this task. But. due 10 some yet unknown factor. PT tissue in humans has a sensi-
Livity to certain specific patterns found only in natural languages. This actually
may be one Key neural difference between the chimpanzee and human brain and
provides an intriguing experiment in nature regarding how far a creature could
get in language without it: chimps can hear speech but have no brain power to
find in the stream of sourxls around them the finite set ol units and their patterns
that make up a language’s phonological inventory. From this, we can predict just
aboul how far they'd get withourt this capacity: no syntax. no morphology, and.
of course. no phonology. But. with decent memory and association powers,
they would be able to pick out or refer to things in their here and now with
list-like global association. Voila. This is just about what chimps do.

Crucially, the PT is apparently siot neurally sensitive to any and all rhyth-
mically allernaling acoustic input containing contrasts. Music, for example,
provides complex multifaceted rhythmical signals that engage brain tissue at
multiple cerebral sites yet. in general, contemporary scientists agree that the
PT (especially the left PT) is not the brain site for processing these different
forms of rhythmically alternating contrasts (lor a review see Zatorre & Binder
2000).* To summarize, the hypothesis is that the left PT site contains. in addition
to other forms ot specialization, specialization for highly specific. maximally
contrasting rhythmical patterns in the input. These patterns are found exclu-
sively in specific aspects of natural language — specifically. phonetic-syllabic
units and their distributional patterning.

If this is correct, there is an initial biologically guided capacity (what [ called
the innate agenda, above) to find salient. and to attend to particular aspects of.
input sireams involving phonetic-syllabic contrasting units, which after several
months of life can (given relevant input) become attuned to whatever sorts of
sensery input are capable — consistent with the internad agenda — of activating
it. Thus, experience with specific phonetic-syllabic units in the input stream
provided by — in the case of humans — sound or vision to a young baby lit-
erally changes and “adapts™ the baby’s biological perceptual and attentional
mechanisims to be sensitive to patterns in the given modality or modalities.
This "guidmg ™ capacity amounts to a neurally sct agenda {a system that “looks
for” certain patierns) and leads 1o the child’s ability to discover, and o utilize,
clementary units of language structure. Without such an internal agenda. the
child’s mind would not recognize the patterns necded for linguistic develop-
ment. Nim’s mind. lacking what Chomsky calls a “language faculty,” would
not and could not find that pattern in the input stream. It would never become
salient. The PT neurally embodies a small part of the tacit knowledge of the set
of basic elements and reiations that Chomsky proposed must be contained in a
child’s LLAD.
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On the neural tissue underlying human language acquisition

Returning to the question with which T began my research — how does the brain
permit the radical change in the morphology of its expressive and receptive
mechanisms for language found in speech and sien, and what is the genctic
basis for this stunnimg equipotentiality? — I think we have lound at least some
answers. The various studies discussed above suggest that the brain at birth can-
not be working under rigid genetic instruction to produce and receive Janguage
via the auditory-speech modality. Tf this were the case. then the nature of signed
and spoken language acquisition — including the nature of the maturational time
course and early language structures —as well as the cerebral organization of sign
and speech in the adult brain shouid be different, Clearly, it is not. The fact that
the brain can tolerate variation in ianguage transmission and reception, despite
different environmental inputs, and still achieve the target capacity (being a
speaker of a natural ianguage. perhaps several), provides support for a genetic
compoenent underlying language acquisition that is nevertheless biologically
“flexible™ (neurologically plastic). I hypothesized that PT tissuc constitutes a
key brain site that contributes to launching human language acquisition and have
suggested thal it gains its vital role in the establishment of nascent phonological
representations in all humans through a process that I have termed “Adaptive
Phonelogical Differentiation.” This process “guides” the newborn’s atiention
to find salient specific aspects of the input stream with specific rhythmical con-
trasts that correspond to key aspects of natural language structure: elementary
phonetic-syllabic units and their sing-song distributional patterning (prosody).
Drawing from the baby Optotrak findings mentioned above. I further suggest
that this PT tissue tunes the infant’s perceptual systems to find salient. and
to attend to, (initially) maximally-contrasting, rhythmically-oscillating bundles
of about |.2-1.5 seconds. Armed with this honed sensitivity, the baby’s mind
can. in tum. begin to “scleet” the restricled set of clementary phonetic units
and combinatorial regularities of their native language(s). The precise liming
is unclear, bul it is known that they begin the production of these clementary
units at around six months {see also Jusczyk 1999,

The same processes must be at work when a baby is confronted at birth with
two or more nitural languages, whether spoken or signed. Here the ncwborn’s
sensitivity to specific rhythmical and distributing patterning must provide it
with the means to detect two related but different thythmically contrasting
linguistic patterns. The development ol this capacity surely serves as a basis
upon which bilingual babies tacitly butld up representations of their two distinet
phonological systems. (Petitto etal. 2001: sce also Holowka. Brosseau-Lapré &
Petitio 2002: Petitto & Holowka 2002 for a discussion of the processcs that
make possible human bilingual acquisition). Again. exact timing in the case of
multiple languages is unclear, but this process is certainly well underway by
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qoe 6 months, exhibiting regular growth and expansion in [.heAcupiacily to detect
dIstincl forms of systematic rhythmical-temporal and dis.lnbutlonai patt’ems
over time. So, whether one language or many, a baby’s innate ~mec.‘hams‘ms
will — irespective of whether the input is from eye or car — guide .1t to find
specific patierns in the input stream and. .».vhen It.: mf‘emal systems find them,
they “instruct” motor systems to produce “output” informed by them: .
Chomsky may not have encountered languages on the hands ewrly in 1.11‘.& I1.fc
but, remarkably, his “abstract” theory of the LAD allowed for the flexibility in
modality we have seen in this chapter. And while he assumesi the PAD n?ufsl
be biologically instantiated in some way. he did not have any idea of how 1t is
written into neural tissue. I think we now have some idea of how a small, but

crucial, part of it is.




