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Abstract 

The emergence language is a phenomenon that lies at the core higher human 

cognition and which continues to be source of controversy and debate. In a series of 

three studies, the present thesis examined issues pertaining to language acquisition, (i) 

providing insight into the origins of language by addressing the question of whether the 

basis of babbling is fundamentally motoric or linguistic, (ii) positing new properties of 

babbling order to discriminate between the linguistic and non-linguistic behaviors 

produced by babies, and (iii) describing the processes underlying babies l transition from 

babbles to first words. In Manuscript 1, using Optotrak, the manual activity of six hearing 

babies was examined (at ages 6, and 12 months; 3 babies were exposed to a signed 

language and 3 to a spoken language). Analyses revealed that only the sign-exposed 

babies produced linguistic activity (manual babbling) at a frequency of approximately 1 

Hz, and subsequent videotape analyses revealed that babbling was produced the 

linguistic signing space. Non-linguistic activity was produced by both groups of babies at 

approximately Hz and fen outside signing space. Manuscript the activity 

of ten hearing babies acquiring a spoken language was examined for evidence of mouth 

asyw..metry (between ages 5 12 months). Righi mouth opening was observed only 

while the babies were babbling (reflecting left hemisphere language specialization), as 

contrasted with equal or left mouth opening for non-linguistic oral activity. Manuscript 
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3, a combination of sources (videotapes, parental reports, interviews, and experimenter 

notes) was used to examine how six hearing bilingual babies acquired the meanings of 

words/signs across their two languages ages 7 to 26 months; 3 bables were exposed 

to a signed and a spoken language and 3 to two spoken languages). The babies 

constrained, organized, and used their first words/signs in simiiar ways, and in ways 

OU,eA ..... ou to monolinguals. CoUectively, these three studies provide evidence for a Hnguistic 

continuum mat originates with babbling, develops m(lep,enICielU of other non-linguistic 

behavior, and proceeds through the emergence of first words despite cross-linguistic and 

cross-modal differences. 
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Résumé 

L'émergence du langage est un phénomène fondamental la cognition "'''';UW'LU''' qm 

continue à provoquer de la controverse et de la discussion pamli les chercheurs dans le 

UVj.UU!.li"'. Dans une série de trois études, cette thèse examine certaines questions 

concernant l'acquisition du langage, (i) en fournissant plus d'information au sujet des 

origines du langage en examinant la question du babillage (à savoir si le babillage est 

fonda.'11entalement moteur ou linguistique), (ii) en identifiant nouvelles qualités au 

babillage afin de permettre une distinction entre les comportements linguistiques et non-

linguistiques produits par les bébés et (iii) en décrivant les procédés sous-jacents par 

lesquels les bébés font la transition entre le babillage et les premiers mots. Dans le 

manuscrit 1, l'activité manuelle de six bébés entendants a été examinée à l'aide de 

l'Optotrak (aux âges suivantes: 6 mois, 10 mois et 12 mois; 3 bébés ont été exposés à la 

langue des signes et 3 bébés à une langue parlée). Les analyses ont révélé que seuls les 

bébés exposés à la langue des signes ont produit de l'activité linguistique (babillage 

manuel) à une fréquence approximative de 1 Hz. Des analyses de bande vidéo ultérieures 

ont indiqué que le babillage a également été produit dans r espace linguistique des signes. 

L'activité non-linguistique a été produite par les deux groupes de bébés à 

approximativement 2.5 Hz et a été produite à l'extérieur de l'espace linguistique des 

signes. Dans le manuscrit 2, l'activité orale de dix bébés entendants acquérant une 
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langue parlée a été examinée pour des manifestations de l'asymétrie de la bouche (entre 

les âges de 5 mois et 12 mois). Une ouverture côté droit de la bouche a été observée 

seulement lorsque bébés étaient en train de babiller (ce qui démontre une 

spécialisation de l'hémisphère gauche pour le langage) comparé à une ouverture des deux 

côtés de la bouche ou du côté gauche pour l'activité orale non-linguistique. Dans le 

manuscrit 3, une combinaison de sources (bandes vidéo, témoignages des parents, 

entrevues et notes prises les expérimentateurs) a été utilisée pour exan:riner comment 

six bébés bilingues entendants ont acquis la signification de mots/signes à travers leurs 

deux langues (de 7 mois à 26 mois; 3 bébés ont été exposés à la langue des signes et à 

une langue parlée et 3 bébés ont été exposés à deux langues parlées). Les bébés ont tous 

contraint, organisé et utilisé leurs premiers mots/signes de manière similaire et de façon 

semblable aux monolingues. En somme, ces trois études suggèrent l'existence d'un 

continuum linguistique, qui commence par le babillage, se développe ensuite 

indépendan1ffient des autres comportements non-linguistiques et continue par l'apparition 

des premiers mots en dépit des différences linguistiques et des modes de transmission. 
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Preface 

Manuscript-Based Theses 

The foHowing is an excerpt from the McGiU University Faculty of Graduate Studies and 

Research liGuidelines Concerning Thesis Preparation ": 

As an altemative to the traditional thesis format, the dissertation can con81st of a 

collection of papers of which the .,~ ...... ""-" .. i8 an author or co-author. These papers 

must have a cohesive, unitary character making them a report of a single program 

of research. The structure for the manuscript-based thesis must conform to the 

foHowing: 

Candidates have the option of including, as part of the thesis, the text of one or 

more papers submitted, or to be submitted, for publication, or the clearly­

duplicated text (not the reprints) of one or more published papers. These texts 

must conform to the !!Guidelines for Thesis Preparation" with respect to font size, 

line spacing and margin sizes and must be bound together as an integral part of 

the thesis. 

thesis must be more than a collection of manuscripts. AU components must 

be integrated into a cohesive unit with a logical progression from one chapter to 

the next In order to ensure that the thesls has continuity, cmmedmg œm that 
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provide iogical bridges preceromg and followmg each mamlscript are 

mandatory. 

ln general, when co-authored papers are induded in a thesis the candidate must 

have made a substantial contribution to all papers induded in t..~esis. 

addition, the candidate is required te make an exptidt statement in the thesis 

as to who contributed to sud~ work and to what extent. This statement should 

appear a single section entitled nContributions of Authon n as a preface to 

the thesis. The supervisor must attest to the accnracy of this statement at the 

doctoral oral defense. Since the task of the examiners is made more difficult in 

these cases, it is in the candidate's interest to dearly specify the responsibilities of 

aU the authors of the co-authored papers. 

In accordance with these gnidelines, the manuscripts induded in the present thesis have 

only been altered from their published (in press, submitted) forros style, not content, in 

order to present a unitary, cohesive work. Moreover, connecting text between 

manuscripts is included at beginning of Chapters 3 and 4. Furthermore, an explicit 

statement of the "Contributions of Authors" on aH manuscripts foHows. 
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Chapter 1: Introduction 



The emergence language: Origins, propelties, processes 

"Now the whole eanh had one language and one speech . .. And said, 'Come, us 

build ourselves a city, and a tower whose top is the heavens; let us make a name for 

ourselves, lest we be scattered abroad over the face of the whole earth ... ! the LORD 
:said, '1ndeed the people are one and they ail have one language, and this is what they 

begin ta {.lo; nmv nothing t/rUlt they propose to do will be withheld from them. Come, let 

Us go down and there confuse their language, that they not understand one 

another's speech ... ! Therefore ilS name is called Babel, because there the LORD confused 

the language of aU the earth ... 

Genesis Il (New King James Version) 

The etymology of the word babble is evident from this Bible passage. The Tower 

of Babel stands as a symbolic reminder of the fOffiler linguistic unit y shared by aU of 

mankind. In differentiating this language, confusion was generated as the people were 

unabie to understand one another's speech. Similarly, the familiar "ba-ba·ba" and "ma-

ma-ma" sounds babbled by babies are met with confusion by parents, as it is unclear what 

(if anything) their babies are trying to communicate. Nevertheless, babies1 babbles are 

clearly meaningfuI to researchers, as this behavior reveais dues into the origins of 

language. As language itself is a higher cognitive capacity uniquely attnbuted to humans, 

understanding its on gins a step toward better understanding the nature our species. 

In order to ascertain when expressive language begins, we must therefore first understand 

the basis of babbling, the key properties that define this behavior, and the processes 

underlying how babies make the transition from babbles to first words. And while Jewish 

oral tradition suggests that passing the Tower of Babel makes you forget aH you know, it 
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i8 precisely the multHinguistic society originating there that now contributes to our 

knowledge of how language emerges in huma.t'ls. 

Origins 

AU norrnally developing babies proceed through a series of stages of language 

acquisition. Babies' very first sounds are largely detennined by the anatomical 

characteristics of thelr developing vocal apparatus. At birth, for example, reflexive crying 

is the only type of sound that babies emit. Oller (1980) has characterized the next few 

stages of babies' vocalizations as the "phonation, gooing and expansion\! stages of 

language acquisition respectively. In the firat stage, babies' :reflexive sounds vary, and 

phonated grunts and "comfort sounds!' appear. Next, by 2 to 3 months, babies goo and 

co~ demon8trating their first :resonances (pre-vowel) and constrictions (pre-consonants). 

Constrictions and resonances may altemate at this age, but they do not yet occur as a 

syllabic unit. Between 4 and 6 months babies' first consonant-like sounds emerge as they 

expand thdr phonated repertoire by experimenting with the airflow and exploring with 

their tongues. Partial constriction of the airflow, for example, results in the production of 

raspberries--the precursor to a class of sounds caHed fricatives--whereas complete 

constriction of the airflew later becomes a dass of sounds caHed stops. Moreover, babies 

SCreai'11, growl, squeal, yeU, and whisper demonstrating their experimentation with pitch 

and extremes of volume. Precursors to consonant-vowel (CV) or vowel-consenant (VC) 
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syUables aiso appear at this age as babies randomly altemate thdr early resonances and 

constrictions. 

Babies enter the babbling stages between ages 7 and 10 months. stage, 

syllabic babbling (also called the "canonical stage"; OUer, 1980), is charactenzed by 

well-formed syllables (i.e., altemations of art..iculated consonants fully resonant 

vowels). Babies then duplicate their canonical CV syHables, giving rise to the next stage 

in development, reduplicated babbling (CVCV combinations; e.g., "mamama" or 

"bababa"). Later in development, at approximately 11-14 months, babies engage in 

variegated (rather than exactly duplicated) babbling, and variations pitch and volume 

late! lead to the speech-like quality of jargon babbling. Finally, between the ages of 9 and 

14 months babies acquirt~ their first words (Capute et al., 1986; Vihman and McCune, 

1994), first two-word combinations (between ages 17 and 26 montha; Bloom, 1975; 

Brown, 1973), first 50 words (at approximately 19 month8; Nelson, 1973) and other 

classic linguistic milestones, until eventually their language matches the target (adult) 

form. 

The developmental stages of early language acquisition have been demclllstralted 

over across diverse linguistic environments, cultures, and rearing conditions, and 

therefore suggest that the emergence of language is under biological control (Lenneberg, 

1%7). Despite the regularity and timing with which the early stages of language appear, 

the precise age of onset of babbling varies from baby to baby (e.g., some babies begin 
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producing syllabic babbles at 5 months, and others at 10 months). Thus, as in other 

developmental domains, the constmct of llstages" 18 used here to denote a period where a 

behavior predominates, but not be exclusively peIformed (Thelen, 1991). Stated 

differently, eaeh of the babbling stages represents a nOffilal range ages onset rather 

than the absolute age at which one would expect the behavior to appear. Moreover, not 

each stage of development is necessarily discrete--babies do not cease production of 

reduplicated babbles, to produce the variegated variety (in much the same way that 

babies occa8ionaUy resort back to crawling once they1ve taken their first s'teps). Instead, 

the stages foUow a naturallinear progression (as in the aforementioned example, what is 

key is that crawling always precedes walking). Throughout the literature, and within the 

manuscripts of the present thesis, these timing differences are overcome by rnatching 

babies by their developrnental age as opposed to strict chronological age (i.e., the age at 

which they first enter, for exarnple, the babbling stage). 

Much like the emergence of language, other nOffilally developing motoric 

behaviors appear along a fixed rnaturational time line (with Îlldividual variation) in the 

first year of life. Reduplicated movernents of the CU""".,,....,, arrns, feet, and legs, for example, 

characterize babies' early motoric development, and generaUy peak between the ages of 

24 and 42 weeks (Thelen, 1979). Meier, McGarvin, Zakia, and Willerman (1997), also 

describe silent open-close movements of the jaw (which they have termed "jaw 
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wagst!) not unlike the motor stereotypies described by Thelen. Unlike the strictly motoric 

development of babies' limbs, however, the open-dose rhytlur..ic activity of the jaw is 

also paired with phonation around 6 rn.onths of age, giving rise to babies' first babbles. 

This therefore, leaves open the question of the true nature or basis of babbling, in 

turn, the question as to precisely "when" language begins. 

One possibility is that babbling is simply an extension of the vegetative 

reflexive sounds produced by babies in the first few months of life. On this view, the 

crying, grunting, and squealing sounds present in babies' early repertoire are coupled with 

the rhythmic open-dose patterns of the jaw. The alternations of weU-formed vowds and 

consonants are then simply by-products of babies' opening a..'1d dosing of their jaws with 

random tongue placements (Davis and MacNeilage, 1995, MacNeilage, 1998, and 

MacNeilage and Davis, 2000, have termed this the "frame" Qaw motion) and "contenr' 

(tongue placement) theor-y). At this point in development, around 6 montlls of age, 

babies' reduplicated sounds are akin to the repetitive movements of developil1g arms and 

legs. Babbling therefore, may simply reflect the maturation of devdoping motof control, 

no different than learning to walk or chew. It foUows from this view that babbling is 

fundamentally motoric nature, and that "language" only begins later in development, 

around the time that babies attach meaning to their sounds eventually giving rise to first 

words. 
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Alternatively, babbling may reflect babies' first attempts at productive language, a 

behavior distinct from developing motor control. Babies' rhythmic opening and closing of 

jaw forms adult-like syUables consisting of true consonants vowels (unlike 

habies' early reflexive and vegetative sounds)o On this view, babbling is a behavior 

fundamentaHy linguistic nature distinct from other developil1g behaviors, and thus 

reflects the origins of language. These competing hypotheses reflect the motoric and 

linguistic hypotheses of the origins of language respectively, the main tenets of which 

win be reviewed in Chapters 2 3. What foUows is a review of the key defining 

properties of t.~is fascinating stage of development, and a review the processes 

underlie babies' transition from babbles to the production and use of their first words. 

Properties 

Lenneberg (1967) described the emergence of any maturationally controlled 

behavior to "direct attention to potentialities of behavior--the underlying matrix for 

behaving--instead of to a specifie act" (p. 127). To understand the basis of a behavior, 

however, one must study the act Thus, researchers must examine and interpret the many 

acts articulated by babies to full y appreciate the nature of the behavior. In the field of 

language acquisition. this practice has resulted in a standardized set of criteria which is 

applied to babies' behavior. In the case of babbling, such criteria exist and have been 
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widely accepted in the field as best defining the syllabic babbling of babies as distinct 

aH other ncts produced. 

Babbles may be distinguished from the reflexive and vegetative sounds produced 

by babies in the first year of life, because only babbles cOnfoffil to foUowing three 

criteria. First, babiesl 
':>V'HL,",'''' must contain phonetic units (e.g., de Boysson-Bardies & 

DeBevoise, 1999; Jusczyk, 1997; Locke, 1983). Stated differently, babies must use a 

reduced subset of the possible sounds found spoken language. Second, the phonetic 

uuits produced by bables must possess syUabic organization (e.g., Jusczyk, 1997; OHer & 

Eilers, 1988). Thus, babies must combine their phonetic units into weH-foffiled CV or VC 

combinatious. Third, babiesl fOffilS must be produced without apparent meanil1g or 

referel1ce (Elbers, 1982). If babiesl forms are paired with a referent, this indicates that 

babies have attached meaning to their forms, and have therefore begun the process of 

acquiring their first words. In addition to these three weH-established criteria, babies' 

reduplicated babbles may be identified by their characteristic CV aIternations, and 

later variegated and jargon babbles are aIso produced with the natural prosody of 

language (e.g., de Boysson-Bardies & DeBevoise, 1999; Elbers, 1982; Juscyzk, 1997). 

togetl1er, well-established criteria reliably differentiate babies' 

babbles from (i) the immature reflexive and vegetative sounds produced in early life, (ii) 

the aIternations of these early constrictions and resonances, and (iii) forms that are lJ"u ..... u 

with memring or reference (Le., first words). What is lacking from these criteria, 
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however, is a means of distinguishing between babbles and aH other motoric activity, and 

thus a means of determining the basis behavior. His possible, for example, that 

babbles are simply the uu' ... u.u placements and movements of the ton gue and jaw that 

MacNeilage and Davis have proposed. Aiternatively, babbles could represent behavior 

fundamentally distinct from the stereotyped activity of opening and ciosing the jaw. 

Thus, forms produced by babies according to the criteria specified are widely 

accepted as babbles, but these criteria do not specify whether these forms are inherently 

similar to or different from motor stereotypies. Specifying new properties of these 

rhythmic altemations would therefore darify whether differences between the linguistic 

and motoric components of babbling exist, which in turn would provide ciues into the 

basis of babbling, and thus, the true origins of expressive language. 

Processes 

Around their first birthday babies enter the first word stage. This is a momentous 

occasion in babies' course of development, as they finally undergo the process of 

attaching meaning to their formedy "meaningless ll sounds. The seemingly effortless 

manner in which infants acquire their first words has amazed parents, but in Lenneberg'g 

words, understanding "the underlying matrix" of tbis act is what has captured the 

attention of scientists for centuries. While researchers cannot directly observe the process 

of labeling concepts, they can make inferences of these processes by defining first words 
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according to the foUowing t1uee criteria (e.g., Vihman & McCune, 1994; see also Petitto 

et al., 2001), and by exarnining how babies use these first words. First, like babbles, 

words must be produced with the !Jll'U~","A'" units found only in naturallanguage. 

Moreover, for a fo:rm to he attributed lexical starns, it must also have one phonetic unit 

common with the adult fo:rm of the word. Second, like babbles, the fo:rms must possess 

syHabic organization, but addition, must also exhibit syUabification and stress patterns 

similar to that of the target fonu. FinaUy, what differentiates babbles from first words is 

that babies' forms must be produced in relation to a referent across contexts. Thus, the 

first word stage marks babies' acquisition of the arbitrary language-specifie labels that 

denote their underlying concepts. This latter criterion is key to understanding the 

processes goveming early language acquisition as it reveals the nature of babies' concepts 

at the very onset of their production of first words. 

It has also been established in the monolingualliterarnre that the meanings 

underlying babies' first words are constrained and organized in highly principled ways. 

The fonns that babies produce and the errors that they make, for example, have suggested 

the existence of taxonomie constraints Ce.g., Clark, 1973; Huttenlocher & Smiley, 1987; 

Keil, 1989; Leopold, 1939-1949; Petitto, 1988, 1992; Rescorla, 1980; Volterra & 

Taeschner, 1978). Conceptual organization of babies\ first words has also been iHustrated 

monolingual babies (e.g., Nelson, 1973), and similar patterns in the content of these 

first words have been suggested (e.g., Dromi, 1987; MacWhinney, 1998; Mervis, 1984; 
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Nelson, 1973; Ninio & Snow, 1988; Slobin, 1985). Whether the constraints. organization 

and. content of the semantic and. conceptual und.erpinnings of these first words across 

babies acquiring two languages in two distinct modalities, ",",'lXI""''''''''', remains unclear. Just 

as the question remains whether there exist differentiated linguistic and motoric 

components of babbling, it is equaHy Ull'~A""'" whether babies make differential use of 

input in acquiring the meanings of their first words. Further, it is unclear whether, despite 

differences in the foml of input across individual babies, universals exist the semantic 

and conceptual underpinnings of their firat words. By examining babies from new 

perspectives, these questions will be addressed Chapter 4 and win provide new insight 

into the processes underlying aH acquisition. 

In sum, the origins of language have duded researchers thus far because the basis 

of babbling remains controversial. Despite individua! differences, a11 babies proceed 

through a prescribed series of stages of developing behavior, but in the case of babbling, 

it is unclear whether these acts are fundamentally linguistic or motoric in nature. A weH-

established set of criteria for identifying babbles exists, yet it lacks the precise properties 

necessary to detennine the true origins of this behavior. FinaHy, while dues into the 

nature of monolingual babies' first words have been provided, it remains unknown 

whether these same processes underlie of language acquisition. 

To shed new light on the origins, properties, and processes of language, it was 

necessary to approach these research questions from new perspectives. Given the 
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similruities between signed and spoken languages, researchers in the past have used the 

differences between modality of transmission signed and spoken languages to 

test the biological assumptions of language first by Lenneberg, answer 

questions previously unattainable tlrrough study of spoken languages alone. What 

foHows a brief review of how exploring the sirrrilarities and exploiting the differences 

berni'een signed and spoken languages permits new insight to he gained into how 

language emerges in aU babies. in coupling the sign-exposed habies with the 

development, enhancement, application of new techniques and methods, the specifie 

perspectives gained from each of the manuscripts contained within the present thesis will 

he descrihed. 

New Perspectives 

It is now weH estahlished that, like spoken languages, signed languages (i) 

exist for different communities in different parts of the world (i.e., just as English is the 

national language of the United States, American Sign Language (ASL) is predominately 

spoken hy the >",.."",,.,,..."',.,., Deaf community), (ii) evolve naturally, change over time, and 

are not invented, and (iii) possess the same levels of grammatical organization as spoken 

languages induding identical phonemic, phonetic, syllabic, morphological, syntactic, and 

pragmatic levels (e.g., Baker-Shenk, 1983; Battisol1, 1978; BeHugi, 1980; Brentari, 1990, 

1999; Coulter, 1986; Fischer & Siple, 1990; Klima & BeHugi, 1979; Laue & Grosjean, 
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1980; Liddell, 1978, 1990; Liddell & Johnson, 1989; Padden, 1981; Padden & 

Perlmutter, 1987; Pei'!mutt.er 1991; Sandler, 1986; Senghas, 1994; Stokoe, 1960; SupaUa, 

1982; Wilbur & Petitto, 1981, 1983). The phonological structure of a sign consists of 

four components (caUed parameters) and are analogous to distinctive features whereby 

contrasts of one feature (with the three others remaining constant) constitutes a "minimal 

pair" and signals a change in meaning (as in "pin" and "bin" in English), including: (1) 

location, (2) movement, (3) hand configuration, and (4) orientation of the palm. Bach of 

these four para.rneters is comprised of a restricted set of units, which are combined 

simnltaneonsly, and \vhich are organized in rule-govemed ways to form a sign that has 

meaning. It is from this fmite and restricted set of nnits that aH the signs in a natnral 

signed language are bnilt The morphemes of a signed language (smallest nnits of 

linguistic meaning) are produced primarily throngh changes in movement, and syntactic 

infomlation (structure of phrases and sentences) is articulated primarily through 

systematic changes in space. In addition, aspects of complex syntactic structure (snch as 

negation relative clanse marking) are aiso conveyed through systematic facial 

markers. 

Left hemispheric cerebral specialization for language has now been demonstrated 

unequivocally as being independent of language modality (Corilla, Vaid, & BeUngi, 

1992; Damasio, A., Bellugi, Damasio, H., Poizner, & Van Gilder, 1986; Hickok, BeHugi, 

& Klima, 1996; the left hemisphere controls speech output in 96% of the right-handed 
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population, and while the situation for left-handers is hess dear, few individuals have true 

right-hemisphere competence; Graves, Goodglass and Landis, 1982), Further, Petitte and 

ceHeagues (2000), used Positron Emission Topography (PET) to demonstrate when 

sigr.!Ïng individuals process linguistic tasks, they use brain tissue the left 

hemisphere homologous to the tissue recruited by speaking individuals during similar 

tasks, even tissue previously assumed to dedicated to the urumodal processing of 

sound speech. 

Several researchers have now established that signed languages are also acquired 

in similar ways and along the same maturational time course as spoken language 

(Charron & Petitto, 1991; Newport, 1990, 1991; Newport & Meier, 1985; Petitto, 1987, 

1988, 1992,2001). Moreover, aH of the developmental stages present in spoken 

languages aiso appear in sigrung babies (i.e., syUabic, variegated, and jargon babbling, 

first-word, two-word combinations, and 5O-word stages). Petitto and Marentette (1991) 

for example, showed that deaf babies acquiring a signed language babble on their hands 

sysrematic ways wn to the structure found in spoken languages (the open-dose 

rhythmic a1ternations of the hand constitutes a syHable in ma.··mal babbling; Liddell and 

Johnson, 1989; Perlmutter, 1991). The early syUables of manual babbling larer take on 

meaning as babies acquire their first signs, and combination of signs at the same rate and 

pace as babies acquiring spoken language (Petiuo, 1988, 1992,2001). Moreover, Petitto 

(1992) has demonstrated mat babies acquiring a signed language use their first words in 
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similar ways as babies acquiring a spoken language, as evidenced by similar patterns of 

constrrunts and organization their early lexicons. 

Given similarities across "'~;:;;'J""U and spoken languages, researchers have 

explored the differences between the two as a way to dissociate general cognitive and 

communicative abilities and linguistic acts. In ",~""un_", of signing adults, for example, 

researchers have demonstrated linguistic signs are largely independent of non-

linguistic hand gestures (e.g., Corina et aL, 1992; Hickok, Bellugi, & Klima, 1996; 

Poizner, Brentari, Tyrone, & Kegl, 2000). Similarly, researchers have made strides 

understanding the nature of signing babies' early gestures (e.g., BonviHian, Richards, & 

Dooley, 1997; Cormier, Mauk, & Repp, 1998; Meier, Mauk, Mirus, & Conlin, 1998; 

Petitto, 1987, 1988, 1992; Petitto et al., 2001; Petitto & Marentette, 1991). In a study of 

sign-exposed babies1 acquisition of personal pronouns, for example, Petitio (1987) 

demonstrated that children possess a linguistic faculty separate from other general 

cognitive capacities, by iHustrating a dissociation between infants' non-linguistic gestures 

and their very first linguistic signs. More recently, Petitto and coUeagues (2001) used the 

modality differences between signed spoken languages to shed new light on 

contemporary issues in bilingualism, induding whether babies differentiate between their 

two lan,guages their two modalities (see also Holmes & Holmes, 1980; Prinz & Prim:, 

1979). 
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In the same vein as these earlier studies, the collection of manuscripts 

herein, explored the differences between signed and spoken languages as a nleans of 

better understanding how language emerges as distinct from other normaUy developing 

behaviors. a depalture from previons studies however, aH the babies studied here 

were heanng, and thus equal aU Ch~1{el,:>plne!:uaI respects, and differed oilly the nature 

of the input received (signed or spoken). In Chapter 2, for example, the competing 

motonc linguistic hypotheses were addressed order to shed new light on 

on gins of language. Using a technique bOITowed and adapted from field of motor 

control, the manual activity of three babies acquiring a signed language was compared to 

the manual activity of three babies acquiring a spoken language. This first-time 

application of technology to babies' manual articulations was paired with standard 

videotape methods, and also revealed new defining properties of manual babbling. 

Whether babbling represents the origins of the expressive language capacity was 

further examined in Chapter 3 from the oral perspective. Ten babies acquiring one of two 

spoken languages were examined to provide new insight into the motoric and linguistic 

components of oral activity. Here, a weH-established technique in the adult literature was 

applied for the first rime to study babies' oral developmellt. The results also contributed a 

new defining property of oral vu,.n.lT1U,", that differentiated it from other l1on-linguistic 

activity. 
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In Chapter 4, the processes governing emergence of babies' first words or 

signs were examined. Three babies acquiring two spoken languages simultaneously were 

compared to 3 babies acquiring a signed and a spoken language simultaneously. Here, 

patterns of acquisition, induding how babies constrain, organize, and use their first 

words/signs were analyzed. A collection of new methods and techniques for examining 

babies' sen1lilltic and conceptual knowledge was proposed, which taken together, 

enhanced existing data collection techniques the field of bilingualism. Furthennore, 

interpretation of the data light of contemporary issues in bilingualism, provided new 

perspectives into the processes underlying alilanguage acquisition. 

CoHectively, the findings from Chapters 2, 3 and 4 made original theoretical 

contributions to the field of child language through coupling a cross-linguistic, cross-

modal sample of babies with original methods and tecÎ'.ruques. Chapter 5 the origins, 

properties and processes of language are re-examined in light of these new perspectives. 

Specifically, through studying the basis ofbabbling from both the manual and oral 

perspectives, new dues into the origins of language were gained, new properties of 

naturallanguage were proposed, and, through exru:nining how meaning is acquired, 

universal processes underlying language acquisition were posited. Taken together, 

the present thesis advanced our knowledge of how language emerges in aH babies. 
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Abstract 

The ba, bail ""u,,,-,,,_,, .. universal to babies l babbling around 7 months captures scientific 

attention because it provides insights into mechanisms underlying language 

acquisition and vestiges of its evolutionary origins. Yet the prevailing mystery is what is 

the biological basis of babbling, with one hypothesis being that it is a non-linguistic 

motoric activity driven solely by the babyls emerging control over the mouth Jaw, 

and another being that it is a linguistic activity reflecting the babies1 early sensitivity to 

specifie phonetic-syUabic patterns. Two groups of hearing babies were studied over time 

(ages 6, 10, 12 months), equal in aH developmental respects except for the modality of 

language input (mouth vs hand): Three hearing babies acquiring spoken language and an 

extraordinary group of 3 hearing babies acquiring sign language (not speech); despite this 

latter group's exposure to sign, the motoric hypothesis would predict no group differences 

in hand activity because their language acquisition does not involve the mouth. Using 

innovative quantitative Optotrak 3-D motion-tracking technology, we discovered that the 

specifie rhythmic frequencies of the hands of the sign-exposed hearil1g babies differed 

depel1ding on whether they were producing linguistic activity, which they produced at a 

low frequency approx 1 Hz, versus non-linguistic activity, which tlley produced at a 

higher frequency of approx 2.5 Hz-the identical class of hand activity that the speech­

exposed hearing babies produced l1early exclusively. Surprisingly, without benefit of the 
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mouth, hearing sign-exposed babies alone babbled systematically on their hands. We 

condude that babbling is fundamentally a linguistic activity and explain why t.iJ.e 

differentiation between linguistic non-linguistic hand activity a single malnuru 

modality (one distinct from the human mouth) could only have resulted if aU babies are 

born with a sensitivity to specifie rhythrrric patterns at the heart of human language and 

the capacity to use them. 
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Baby hands move to the rhythm of language: Heming babies acquiring sign 

languages babble silently on the hands 

Introduction 

Baby babbling fascinates us because of its regular onset and structure aU 

healthy humans beginning at around 7 months. Of late, babbling has been at nexus of 

a lively scientific controversy because it is understood to provide a key window into the 

origins of language in young humans as weB as reflecting vestiges of the evolutionary 

origins of language in our species. 

Unlike the crying and vegetative sounas ruso produced by babies in early life, 

Ilbabblingn (more technicaUy referred to as "syllabic" or lIcanonicall! babbling) only 

involves vocalizations tÎ1at exhibit these key properties: (i) use of a reduced subset of 

possible sounds (phonetic umts) found in spoken language (e.g., de Boysson-Bardies & 

DeBevoise, 1999; Jusczyk, 1997; Locke, 1983), (ii) possession of syHabic organization 

(weH-formed consonant-vowel, CV, dusters; e.g., Jusczyk, 1997; OUer & Eilers, 1988), 

and (iii) use without apparent meaning or reference (Bbers, 1982); typieally, baby's 

babbling forms are also reduplieated, produced with the general prosodie (rhythmie, 

timing, stress) contours ofnaturallanguage and foHow characteristic stages (e.g., de 

Boysson-Bardies & DeBevoise, 1999; Juscyzk, 1997; Bbers, 1982). Sorne have noted 

that an individual babyls preferred early babbling forms, for example, "bababa," cau be 
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continuous with the predominant phonetic forms that appear among its fifst words, like 

"baby" (e.g., Vihman, 1985; for an excellent account of babbling see de Boysson-Bardies 

& DeBevoise, 1999). 

Although babbling is judged to be one of the monumental milestones in early 

developluent, the major controversy in contemporary science concems what is its basis. 

One possibility is that babbling is a fundamentaHy motoric behavior, deeply wn to the 

brahù maturation of other general motor capacities that are also emerging ,",,,uU';;:' 

lime such as sitting, standing and walking (Van der Stelt & Koopmans-van Bienum, 

1986)-indeed, exhibiting the same pattern offalse starts, starts and stops along the way 

ta motor mastery. On this view, babbling 15 a kind of motor flexing of the mouth and jaw 

muscles as the brain grows better at mastering the fundamentaHy motoric job of forming 

speech sounds. Ultimately, newly mastered speech productions are wed through classical 

association and learning principles with the ambient linguistic system, hence the 

appearance ofbaby's first ward at around 12 months (e.g., Studdert-Kennedy, 1991). 

Interestingly, some researchers have viewed the assertion that baby babbling in ontogeny 

1S first a non-linguistic motoric activity that later takes on linguistic status as supporting 

one phylogenetic daim about the evolutionary origins of language which speech 

production mechanisms evolved first, then language. In other words, the view that human 

language as we know it today ostensibly evolved its present grammatical structure 

because of selection pressures arising from constraints on the mechanics of speech 
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production, per se (Liberman, 2000; but see especiaUy Pinker & BIoom, 1990, and 

Rizzolatti & Arbib, 1998). 

alternative is babbling is a fundamentaHy linguistic activity and ofa 

developing complex system of mechanisms contribute to an individual's mature 

knowledge of language. Here, the presence of fundamentaUy linguistic: in babbling, 

such as repeated consonants and vowels, combination its universal onset and 

highly regular structure, have lead to the conclusion that babbling is a robust index that 

aspects human language acquisition are under biologieal control. 

In the present paper, we test the motorie versus linguistic hypotheses about the 

basis of babbling in babies. But before explaining how, we first take a doser look at these 

two hypotheses beeause one thing should now be clear: Over the years the investigation 

of babbling in babies has expanded into a topie of great importance with very high 

theoretieal stakes. Seientists now understand that knowledge of the basis of babbling will 

provide insight into its biological foundations and, by extension, the biological 

foundations of human language. It will reveal the nascent mechanisms subserving 

language the species, induding at point in development these mechanisms 

emerge, and types of input are necessary for their development. 

lvfotoric hypothesis. Sorne researchers suggest th.at the syHabic structure of 

babbling is determined by the development of the vocal tract, and the neuroanatomical 

and l1europhysiological mechanisms subserving the motor control of speech production 
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(e.g., Davis & MacNeilage, 1995; Locke, 1983; MacNeilage & Davis, 2000; Studdert­

Kennedy, 1991; Thelen, 1991; Van der Stelt & Koopmans-van Bienum, 1986). Davis and 

MacNeilage (1995) state that the consonant-vowel alternations characteristic of syUabic 

babbling are determined by rhythmic mandibular oscillations. According to the 

frame/content them"y, MacNeilage (1998) proposed that syHabic !lframesl! mal' have 

derived from the cydic alternations of the mandible present from the onset of babbHng. 

These frames may have evolved when mastication took on communicative significance in 

apes. The "content" of syllables, on the other hand, which is provided by a finite number 

of fixed consonant-vowel sequences, is a direct consequence of lip and ton gue placement. 

MacNeilage and Davis (2000) have recently supported the frame/content theory with 

empirical evidence. In a statistical analysis of 10 babies raised in an English environment, 

three patterns of syUabic babbling were observed. This finding, coupled with similar 

findings in babies raised in 5 other language environments, led MacNeilage and Davis to 

propose a universal pattern of babbling which is guided by the physiological properties of 

the jaw (i.e., the syllabic !!frames!!). 

According to the frame/content theory, modulations of jaw oscillations then 

accountfor next phases in human linguistic development, as the proceeds 

the prespeech to the first-word stage. The rhythmic altemations of the jaw first appear at 

approximately 5 monthE> of age the human child and are accompanied by phonation at 

approximately 7 months of age (Meier, 1997; see also Locke, Bellen, McMinn-Larson, 
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& Wein, 1995). geueral association and leaming strategies babiesl babbles are 

subsequeutly paired with meaning, and only then, after maturation of motor control has 

beeu completed, does a discreet linguistic system emerge giving rise to babies' production 

of words. While the frame/content supports the idea that babbling is under 

maturational coutrol and develops a similar manner to other aspects of rnotoric 

development, it does not take account pnnCllPU3S of linguistic deve1opment; early 

babbling and more specificaUy, carly language dcvelopment, simply emerges as a 

biological Ilside-effectn or "natural accident ll of motor development. 

response to MacNeilage, Davis, aud other proponents of the motor driven 

them)' of babbling, several researchers have examined the early vocal productions of 

babies cross-linguisticaHy to determine whether a universal pattem of babbling "content" 

exists (e.g., de Boysson-Bardies, 1993; de Boysson-Bardies & DeBevoise, 1999; Elbers, 

1982; OHer & Steffens, 1994; Vihman, 1992). Vihmau (l992), for example, observed a 

common pattern of consonaut-vowel alternation bound by the motoric constraints of the 

jaw, which is consistent with the frame/content theory. However, the more salient finding 

from this study was large individual differences the consonant-vowel associations 

found in the rnost cornmon syllables babies exposed to the saule language. Given the 

common physical characteristics of the jaw of babies at the babbling stage, it is difficult 

to explain the se production differences terms of a strictly motoric theory of babbling. 

As noted by de Boysson*Bardies, !l ••• babies have a particular type of vocal apparatus at 
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their disposaI, but the constraints this apparatus purs on the production must be 

distinguished from the use to which babies put if! (1993, p. 361). 

Linguistic hypothesis. Proponents of the linguistic hypothesis of babbling view it 

as one key mechanism that perrnits babies to discover and to produce pattemed 

structure ofnaturallanguage (e.g., Boysson-Bardies, 1993; de Boysson-Bardies & 

DeBevoise, 1999; Jusczyk, 1993, 1997; Petitto, 1993; Vihman, 1996). Babies are 

sensitive to the patterns in naturallanguage that correspond to temporal and rhythmic 

characteristics of phonology (Jusczyk, 1986; Melller, Lambertz, Jusczyk, & Amiel-Tison, 

1986). Thus, patterned input with syUabic and phonetic organization may he what 

triggers babies' babbling (Petitto & Marentette, 1991). The production of babhles, in turn, 

allows babies to discover the particular restncted set of phonetic units and pennissible 

combillations of their target language. This view is consistent with Vihman's (1996) 

observation that some babies initially possess a large range of possible sound sequences, 

which only emerge as a canonical pattern after having matched their initial sound 

repertoire the adult form of language. 

According to this linguistic hypothesis of babbling, the open-close alternations of 

the jaw charactelistic of babbling reflect maximally contrasting syllabic units of the 

target language. This hypothesis lies in sharp contrast to the motor driven account which 

states that babbling is simply a byproduct of motonc development. Through babbling, 

babies cau then actively discover the phonological inveutory of their native language 
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upon which the words of their language will be This suggests that babies may 

have peaked sensitivity to the rhythmic patteming of language about the Bize of the 

babbling syHable that babies produce (Mehler et 1986; Petitto, 1993; Petitto, 2000; 

Petitto, Holowka, Sergio & Ostry, 2001), which may afford them the means to 

segment the Hnguistic stream and to discover word boundaries and enables the 

acquisition of meaning and words. Thus, attending to the structured rhythmic 

temporal patterns of the ambient language and, crucially, by producing them, the baby 

acquîres the rudiments of its language (Petitto et al, 2001). In this respect, babbling is 

viewed as a systematic and funda.'llem.taHy linguistic behavior, which reflects the 

particular patterns inherent in naturallanguage, and which develops in addition to general 

motone development (see also Elbers', 1982, cognitive continuity theory, and Vihman's, 

1996, mode1 which considers both motonc and linguistie influences). While providing a 

potential account of babies l babbling, the linguistic hypothesis of babbling aiso mises the 

foUowing question: How much of language development is under biological control, and 

how mueh of it is due to influences of the ambient language? 

addressing this question, S0111e researchers argue rhat audition is necessary to 

ensure normal language development (Locke, 1990; Locke & Pearson, 1990; OUer & 

Ellen;;, 1988; OHer, Eilers, Bull, & Camey, 1985). the course of exawJning deaf or 

hearing-impaired babies devoid of any known cognitive deficits, OUer and Bilers (1988) 

observed these babies to have reduced and/or delayed vocal canonical babbling as 
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compared to hearing babies. Locke (l990) further elaborated on tbis point by stating that 

auditory stimulation from bath the environment a,11d the auditory feedback that babies 

receive from their own vocalizations is crucial for vocal babbling to emerge, Locke and 

Pearson (1990) further qualified this observation by examining a tracheostomized, 

aphonie girl \vith nonual hearing, FoHowing decannulation demonstrated delayed 

vocal development. CoHectively, these findings led researchers to conclude that the role 

of audition i8 crucial to early language development in general, and babbling in 

particular. 

Petitto and Marentette'g (1991) discovery of IImanual babblingll on the hands of 

profoundly deaf babies chaHenged the above views in at least two fundamental ways. 

First, the discovery chaHenged the notion that the opening-closing of the mouth and jaw, 

and a baby's emerging neurological control over them, is the exclusive driving force 

underlying the behavior in development-because these babies were deaf and were not 

using their mouths/jaws, only their hands. Second, it chaHenged the assertion that 

audition alone is critical for babbling to emerge, and suggested instead mat babies require 

pattemed linguistic (as opposed to strictly auditory) cues from the environmental input in 

order for babbling (henee, human language acquisition) to proceed. 

Why "babbling" on the hands? In the course examining profoundly deaf babies 

exposed to a sign language, Petitto and Marentette (1991) obsenred a c1ass of hand 

activity that was Hke no other. It was not like the deaf bables' gestures and not like 
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anything else that they did with their hands; nOT was il: like any dass of activity 

observed the hearing control babies. As the criteria standardly used to the 

existence of vocal babbling in hearing babies, this unique class of hand activity in the 

deaf babies Ci) contained a reduced subset of the possible linguisticaHy relevant "sign-

phonetic" units in natural sign languages, (ii) possessed "sign-syHabic!! organization, and 

(iii) was produced in meaningless ways; this hand activity was a180 reduplicated, 

produced with the general prosodie (rhythmic, timing, stress) contours of natural sign 

languages, followed the identical characteristic stages observed in vocal babbling, and 

each individual deaf babis preferred early babbling sign-phonetic fOTIn was continuous 

with the predominant sign-phonetic forms mat appeared among its first signs. Petitto & 

Marentette had discovered "babblingl! in profoundly deaf bables, albeit on the human 

hand.1 

Moreover, Petitto (1993) observed through qualitative analyses that the 

reduplicated temporal patterrung of the sign syUable:s produced by the deaf babies 

appeare:d te be fundamentally different from the temporal patterns of aH other hand and 

aml movements. Yet the precise physical. quantitative measurement of phenomenon 

was not understood. 

Recently, researchers have corroborated Petitto and Marentette's manual babbling 

finding in another group of babies (Cormier, Mauk, & Repp, 1998; Meier & "ViHerman, 

1995). While both Meier and coUeagues and Petitto and Marentette have observed 



deaf babies indeed produce UM'.U""'" babbling, Meier's team aiso asserts that hearing 

babies pro duce siœilar hand activity. Further they viewed such ostensible '"'u,'u ...... , .• ,.,u 

betvr'een deaf and hearing babies l manual babbEng as demonstrating that aH baby 

babbiing --be it on hands or tongue-is therefore a fundamentaUy motoric activity, 

whoUy commemmrate with MacNeilage's (1998) frame/content theory. While Meier and 

Willerman (1995) suggested that manual babbling requires the coordination of proximal 

and distal articulators (e.g., <L'ld wrist, respectively), phonetic criteria for coding 

mrumru babbles were not specified. But this omission is crucial. all studies of vocal 

babbling, as weB as the manual babbling studies of Petitto and Marentette, the 

attribution of "babblingll is apphed only after using strict, standard criteria. Specifically, 

first a system of standard diacritics is used to characterize the physical properties of 

vocallhand activity. These attributions are further subjected to standru'd psycholinguistic 

frequency and distributional analyses to identify possible phonetic units for the child 

(rather than for the adult researcher) and their combinatorial properties (the basic 

phonetic and syHabic units and their sequencing regularities). Having established a 

possible set phonetic/syUabic forms, criteria "babbling" is then applied (see 

above, and de Boysson-Bardies & DeBevoise, 1999; Eben;;, 1982; Locke, 1983; OHer & 

Eilers, 1988). Thus, it is possible that the coding system of Meier and his coHeagues did 

not reliably differentiate behveen linguistic and non-linguistic hand activity in the deaf 

(acquiring sign) and the hearing (acquiring speech) babies. 
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Despite the methodological concems raised here, the studies by Meier and 

colleagues suggest an intriguing hypothesis: Perhaps Ilmanual babblingll observed in 

deaf babies is not at but instead is hand activity fundamentally to 

that observed in aH babies, even hearing babies not exposed to sign languageso AU babies 

produce an of hand activity early life as a consequence of developing motor 

control, Theien (1979, 1981, 1991), for example, has described the emergence of 

repetitive, cydic movements involving rotation around an axis or simple flexion and 

extension as rhythmic stereotypieso The frequency of rhythmic stereotypies (including the 

oral and manual articulators) peaks betvveen 24 and 42 weeks of age, and dedines in 

the last fûth of the year. The regularity of onset ages of these behaviors suggests that they 

are on a maturational timetable for the development of neuromuscular pathways. Further, 

baby motoric stereotypies are not observed in parents or siblings making it unlike1y that 

these types of activities are imitated or emerge as a result of extrinsic factorso 

Also between the ages of approximately 6 and months, babies enter the 

syUabic babbling stageo RecaU that at this stage in development, babies' productions 

possess weH-formed consonant-vowel reclup'HcatH:ms Ce.go, ba-ba-ba). Stated differently, 

while babbling, babies produce repetitive, cydic open-dose movements of their jaws, 

much like the fundamentaHy motoric stereotypies observed by Thelen. Hence, at this 

particular stage in developll1ent the motoric stage parallels the iinguistic stage, but differs 

one critical respect: no dues from the are necessary for its emergence. 
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To summarize, the field of early child language is at a fascinatingjuncture. an 

attempt to gain insight into the origins of language in young babies, researchers have 

turned to studies of vocal babbling. On one hand, MacNeilage colleagues 

maintain that vocal babbling, and by extension human language, evolves from 

fundamentaHy non-linguistic maturation the motol' deve10pment of the oral articulators 

that oilly later take on linguistic significance as the child learns associations between their 

naturai ability to produce sounds and word meanings in the world around them. On the 

other hand, de Boysson-Bardies, Jusczyk, Vihman and others say that babbling is 

detennined by the child1s sensitivity to and production of abstract, linguistic uruts and 

their distributional patterns from the very beginning. For a brief moment in time, it 

appeared that the competing motoric-linguistic hypotheses might be resolved with the 

finding by Petitto and Marentette, in which they showed that deaf babies produce 

complex sign-phonetic and syUabic babbling units on their hands. This new evidence 

suggested that deaf babies babble even though they neither hear speech nor pro duce 

speech sounds--thereby providing support for the linguistic view. In response to Petitto 

and Marentette's findings, Meier and his colleagues suggested that deaf babies exposed to 

sign language and cruciaUy hearing babies exposed to spoken language both produce 

rhythmic manual babbling that is fundarnentaUy similar. that these hearing babies 

acquiring speech never saw sign language input, and given Meids daim that they, like 

deaf sign-exposed deaf babies, are producing rhythmic r'manual babbling," this renewed 
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the hypothesis that ail babbling is govemed exclusive1y by motoric principles. The key 

question is this: ls the rhythmic activity in babies exposed to sign language the 

rhythmic hand activity in babies exposed to spoken language indeed fundamentaHy 

similar? 

Hypothesis testing. the present study we tested the motoric versus linguistic 

hypotheses by taking an entire1y novel route. 1'0 pose the strongest possible test of these 

two hypotheses, we chose to study two groups hearing babies. One group of hearing 

babies were being exposed to spoken language from birth (with no sign language input 

whatsoever). One group of hearing babies were receiving no systematic exposure to 

spoken language whatsoever, only sign language input from their profoundly deaf 

parents. 

Crucially, the two hearing baby groups studied here were equal in aU 

developmental respects, with the only difference being in the fmm of the language input 

that they received, by tongue or by hand. To be sure, aU of these babies can and do hear, 

and aU of the habies can and do produce vocalizations. This them shifts the focus from the 

presence of audition and use of the mouth to the presence and use of pattemed linguistic 

eues the input and the Imman baby's eapadty to make use of them. is the key 

prevailing hypothesis that the hearing babies aequiring sign allow us to test: Is it 

audition/the mouth that is key (peripheral speech produetion/hearing mechanisms) that 

drive babbling/language acquisition or the species1 more central 
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specifie patterns in the input that correspond to aspects of the patteming of natmal 

language? \Ve were also interested in discovering whether the hearing sign-exposed 

babies would produce rhythmic hand babbling and whether they produce other 

rhythmic hand activity--both in the same manual modality. If so, we were especially 

eager to leam whether there existed a principled and patterned separation between the 

two. We were fmther interested to leam the extent to which these sign-exposed hearing 

babies' hand activity (be it rhythmic "manual babbling" or other rhythmic hand activity) 

was fundamentally similar or dissi:milar to t.i}at of our hearing babies who never viewed 

signs. Finally, as will be seen below, we chose to study sign-exposed hearing babies with 

innovative Optotrak, opto-electronic position-tracking, technology. Here, diodes were 

placed on aH ba.bies l hands, whlch permitted quantitative measurements of a human 

baby's hands in our pursuit to adjudicate hetween the motoric versus linguistic 

underpirnrings of human language. 

Predictions. Two competing hypotheses have heen offered to account for the 

presence of similar structures unique to babbling in both the manual and vocal modes. 

motoric hypothesis suggests that babbling both modes is simply a stereotyped 

behavior controlled by the mechanisms subserving general motor development. Because 

bearing habies exposed to sign language do not use their and jaw to leam speech 

(which presumably makes possible the babbling behavior), the motoric hypothesis 

therefore predicts that their band activity should he fundanlentally similar to that of 
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hearing babies acquiring spoken language. Said another way, this view predicts tha.t 

rhythmic hand activity be independent of pattemed linguistic input and thus 

fundamental similarities should he seen in the activity across the t\vo groups of 

hearing babies. 

The Hnguistic hypothesis suggests that babbling reflects the chilœs emerging 

discovery of the undedying patteming of naturallanguage structure, begiro.rung with the 

tacit identification of meaningless set units (phonetic units) and their combinatorial 

regularities (syUables). If babies are bom with sensitivity te specifie rhythnric patteming 

that IS universal to aU languages, even signed ones, then this view predicts that 

differences in the form of language input should yield differences in the hand activities of 

the two groups. SpecificaUy, fundamental differences should be observed between the 

linguistic rhythmic hand activity and the non-linguistic rhythmic hand activity in babies 

exposed to a sign language as compared with those exposed to speech. Further, this view 

predicts similarities should exist between both sign-exposed and speech-exposed babies' 

non-linguistic rhythmic hand activity. 

Partici pants 

Six hearing babies were studied 6O-minute experimental sessions, at 

approximately 6, 10, and 12 months of age in two groups. These ages were chosen to 

compare the babies' motoric versus linguistic development, as this age range corresponds 

to both developing motoric stereotypies, and to developing linguistic activity (syUabic 
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babbling). The sign-exposed (experimental) group consisted of the extrenlely rare 

situation of 3 hearing bables of profoundly deaf parents received no systematic 

exposure to spoken language in early and were instead exposed exclusively to sign 

language inpue. The case of babies El and E2 one parent signed Langue des Signes 

Québécoise (LSQ, used in Québec and other parts of French Canada) and the other 

signed American Sign Language (ASL, used the United States and parts of Canada). 

The profoundly deafparents baby E3 signed LSQ only. The speech-exposed (control) 

group consisted of the more typical situation of 3 hearing babies of hearing parents; 

parents of babies Cl and C2 spoke English, and parents of baby C3 spoke French, and 

received no sign language input. Table 1 provides the precise ages of aU subjects at each 

of the three experimental sessions. 

Methods 

Babies were seated in a baby car seat located our Optotrak Laboratory at 

McGiH University, which had brightly-colored wall partitions to shield them from 

viewing the equipment, and which was fiUed with baby posters, blankets and hanging 

mobiles. First, infrared emitting diodes (IREDs) were placed on the babyis hands (below) 

while one of the parents played with the baby. Aner this, Optotrak sensors tracked the 

trajectory location over of the babyis hands while the baby engaged in a variety 

of play activities. For example, the baby was presented wiL~ age-appropriate toys (e.g., a 
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rattle, stllffed bllnny, plllSh ball) that were first shown to the baby and then given to it. 

Other activities included one of the parents playing peek-a-boo games with the baby or 

talking/signing to baby while looking in a mirror, or an activity where mom simply 

smiled at the or another where mom and experimenter conversed the baby 

looked on. The goal was to create relaxed, but varied contexts in which babies wOllld 

have an opportunity to produce as wide a range of hand activity as would be natural to 

the age. 

AlI sessions Were recorded using Optotrak (Northem DigitalIne., Waterloo, ON, 

Canada). Although Optotrak technology is weU established in the motoric development 

field (e.g., Ostry, Vatikiotis-Bateson, Gribble, 1997; Sergio & Ostry, 1995), the present 

study is the fifst study to our knowledge that has applied Optotrak technology to studies 

of babies' early linguistic development. The sensors of the Optotrak system can 

accurately measure the location over time and trajectory of lREDs placed on the babies' 

limbs with a precision of 0.1 miUimeters even at high sampling frequencies. Eght lREDs 

(four on each the left and the right hand/arm) were strategicaHy placed on the babies' 

hands and foreamls: Two adjacent lREDs were placed on the back of both the right and 

the left hands of the babies. An additional lRED was placed on the ventral surface of 

each wrist near the babyls thumb. A fourth lRED was placed on the dorsal surface of the 

forearm three to five centimeters proximal to the wrist. As lREDs are tiny and 
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lightweight, interference with the babies1 movements was minimal. Thus, the three 

dimensionallocation of the limbs over time can he measured with high precision. 

Crucial1y, Optotrak computations are cakulated to videotape reference to 

the babies' hands, thereby providing the most accurate and rigorous quantitative analysis 

of moving hands to date. particular, it provides a significant advance over previous 

subjective classification methods whereby researchers look at baby videotapes 

exclusively and decide whether they think a particular activity is or is not a babble 

(e.g., Cormier et al., 1998; Meier et al., 1998; Meier & Willerman, 1995; Petitto & 

Marentette, 1991). To be clear, the data yielded from Optotrak recordings are strictly 

numeric representations of the babies' hand/arm movemellts. There is no baby. There are 

no hands. 

Independently, on-line videotapes were made of aH babies for post-Optotrak 

analyses. The babies' hand activity in aU three sessions was videotaped on tvvo S-VHS 

videocassettes from two camera angles. The S-VHS video recordings of the babies were 

transferred onto HÏ-8 videocassettes formaUed with a time code that was precisely 

matched with the corresponding time code provided by the Optotrak recordings. Thus, at 

any given time, data from both the Optotrak and video recording methods were available. 

InitiaHy we recorded 2082 movement segments across aH babies and ages. We 

defined a movement segment as any hand activity produced by the babies involving a 

single type of movement. An open-close movement of the hand, for example, would be 
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considered one movement segment. The start of a new movement segment was indicated 

if a type of movement then began (e.g., a waving motion of the hand, as in 

waving Itgoodbye"). AH movement segments in which t.~ere were objects in the babies' 

hands, and segments of activity which involved babies making contact with an object 

(e.g., toy, car seat, adult), were excluded from an analyses. Likewise, any activity that 

was not fully within the field of view of the cameras was excluded (e.g., activity that was 

blocked by an adult, or by the babies' chair). For these reasons, 633 movement segments 

were exc1uded from the total corpus of data. From the remaining 1449 movement 

segments recorded, 595 segments were produced by the sign-exposed group and 854 

segments by the speech-exposed group. As would be expected in equal 6O-minute 

experimental sessions, the number of movement segments that the babies produced 

differed across babies and ages (i.e., some babies produced more activity than others, and 

the amouut of activity varied over time--due to this fact, and for ease of comparison 

across babies, here, and in aU subsequent analyses, the data are reported percentages; 

see Table 2). Thus, to ensure that a representative sample of the babies1 manual activity 

was analyzed, we used stratified random san1pling to obtain 400 movement segments 

(200 per group) for Optotrak and, subsequently, for video analyses. So, exanlple, 

the 595 movement segments produced hy the sign-exposed group, 75% of this activity 

was produced at 6 months, 16% at 10 months and 8% at 12 months. In obtaining 200 

movement segments, these same proportions (percentages) were held across all ages such 
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that 75% of the 200 segments were produced at 6 months, 16% at 10 months, and 8% at 

12 months. The identical procedure was applied to the speech-exposed babies' data, aiso 

yielding 200 movements segments (see Table 2). 

We expected to see the majority of aH babies l manual activity produced between 6 

and 10 months (irrespective of the nature of the activity, be it linguistic or non-linguistic), 

because both normally developing motol' stereotypies (Thelen, 1979, 1991), and manual 

babbles (Petitto & Marentette, 1991), peak during this period of development. What is 

important to note, however, is that manual activity continued to he produced through to 

12 months, and that the precise anl0unt of activity produced at any given age differed by 

individual baby. This is due to the fact that individual differences across babies result in 

varying ages of onset of developing behaviors (nmch in the same way that all normally 

developing babies begin walking by their first birthdays, but a range certainly exisEs 

when babies actuaUy achleve dtis milestone). Moroover, the continued production of any 

given behavior differs by baby throughout development (in learning to walk, some babies 

will continue crawling for a much longer period of time than others; similarly, babies will 

continue to babble even arter the production of their first words). This observation 

therefore highlights importance of coHecting and anal.ynng data over the normal. age 

range of emerging behavior (Le., from approximately 6 to 12 months), rather man 

exclusively at the average age (Le., at approximately 7 months) that researchers would 

expect tbe behavior to appear. 
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Optotrak recordings. At a samp1ing rate of 100 Hertz, the Optotrak system 

recorded the time-varying three~dimensional positions of the lREDs on babies' 

hands/arms. Bach movement segment was analyzed using commerciaHy available 

analysis software (!vIA TLAB, Mathworks Inc., Natick, MA, USA). raw three-

dimensional position data from each lRED was first analyzed to select thoae that moat 

consistently captured the babies' movement (i.e., were seldom obscured), and yielded the 

final two IREDs (one from each hand, per baby) that provided the data for all subsequent 

analyses (Le., the lRED nearest to the thnmb on each hand). 

Multiple kinematic measures were then calculated for each movement segment. 

First, the resultant vector of the x, y, and z position data over time was computed to give 

the trajectory of the hand in three-dimensional space. This trajectory was then 

differentiated to give the tangential velocity of the hand throughout the movement 

segment. From these measures, the frequency (in Hertz) was calculated for each cycle of 

hand activity within a movement segment. As is standard, movement start was defined as 

10% of the maximum ve10city of the cycle, and movement end was the point at which the 

tangential velocity reached 10% of the peak cycle velocity (Sergio & Ostry, 1995). The 

frequency for a given movement segment was determined by taking the average 

frequencies of an the complete cycles that movement segment This procedure yielded 

frequency values (in Hertz) for aU 400 movement segments. 
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Video recordings. Afrer Optotrak analyses were completed, then temporal 

matching of Optotrak data ta the videotaped data \Vas performed for an 400 

movement segments. By matching frequency values of the movement segments 

provided by the Optotrak tedmology with the corresponding videotaped data of the 

babies l hand activity, we were able to see for first time the babies were actually 

doing during a particular Optotrak segment. 

addition to seeing what the were doing during Optotrak segments, we 

\Vere able to transcribe and subsequently analyze the precise nature of the hand activity 

performed by the babies. We did this by transcribing and entering into a computer 

database all of the movement segments using a standard, widely used transcription 

system (below) that permitted a direct comparison of the hand activity of both groups of 

babies (Petitto & Marentette, 1991). This previously established transcription system 

enabled us to reliably differentiate between manual babbles, gestures, and the non-

linguistic, motoric hand activity produced by aH normally developing babies. 

Following Petitto Marentette (1991), for each of the 400 movement segments 

produced by the babies we transcribed the fol1owing: (i) physical form of the babies' 

hands l.lsing a set of diacritics that was first created by the sign linguist, William Stokoe 

(1960) ta be analogous to the International Phonetic Alphabet used the transcription of 

spoken languages (but created here for the transcription of signed languages) and that has 

been perfected over several generations of sign Hnguistic re:search (e.g., see 
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Brentari,l999; Neidle, Kegl, MacLaughlin, Ballan, & Lee, 2000; Petitto, 1987); here, 

inte:mai [eatures of the H""luau hand is transcribed along several dimensions (e.g., 

handshape, location space, palm orientation, movement). fO:mlS were 

transcribed according to the manner of use, for example, whether the fO:m1 was used with 

or without objects hand, whether form was used referentiaHy and/or with apparent 

communicative intent, whether the form was a standard sign in ASL or LSQ (e.g., Petitto 

et al., ; see aise, Holowka, Brosseau-Lapré, & Petitto, 2002). FoHowing 

standard methods used for the identification of potential vocal babbles in hearing babies 

(e.g., OlIer & Steffens, 1994), all forms that were produced without reference and/or 

apparent communicative intent, and all forms that were not genuine attempts to aign were 

analyzed for the presence/absence of systematic physical organization using standard 

child language frequency and distributional analyses (e.g., Petitto et al., 2001; Holowka 

et al., 2002). If the hand activity showed systematic organization, then these forms were 

further examined to determine whether they had unique organizational properties, or 

whether the fO:m1S shared fonnational properties with the phonetic and syUabic 

organization connnon to signed and spoken languages. T 0 make this more concrete, 

extreme care was taken not to prejudge a baby's hand form as having sign phonetic 

(syUabic) status until the frequency and distributional analyses toId us that this was 

warranted. This is similar to the way that much care is taken not to prejudge a hearing 

baby's acoustic vocalization as being a Ilbabble" without a combination of 
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evidence-induding evidence frequencyand distributional analyses that a specific 

vocalization is indeed a phonetic (in syUabic organization; OHer & Steffens, 1994). 

FinaUy, if a sign-phonetic was identified, attribution of l'mrumal babbling'l 

statùs to this hand activity was done by adhering to the strict set of standard criteria 

for decades in attributing vocal babbling status to the vocalizations of hearing babies 

(e.g., Elbers, 1982; Locke, 1983; OlIer & Eilers, 1988), and that were used by Petitto & 

Marentette (1991), and, as stated above, includes three haHmark characteristics: Forros 

must (i) be produced with a reduced subset of combinatorial units that are members of the 

phonetic inventory of aH naturallanguages, (ii) demonstrate the syllabic organization 

seen only in naturallanguages (which inherently involved reduplication), and (iii) be 

produced without meaning or reference. If a hand form met these three criteria, it was 

coded as babble. other fonns were coded as non-babble. Taken together, this video 

transcription system enabled us to investigate qualitatively the different types of hand 

activity produced aU of the bables relative to the quantitative analysis of rhythmic 

frequency provided by the Optotrak technology. 

To understand linguistic versus non-linguistic nature of the hand 

activity produced by aH babies, a l'location-il1-space" analysis was performed. We were 

curious about this because in signed languages one striking index that a hand activity is 

linguistic (as opposed to non-linguistic) is tÎ1at it must occur within a highly restricted 

space in front of the signer1s body that i8 bound by strict mIes of the grrunmar of the sign 
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language; indeed, hand activity falling outside of these obligatory linguistic spaces are 

judged to be either non-linguistic gestures or simply not in the language (ungrammatical). 

Each movement segment was assigned a location in egocentric, or body-centered, space 

in consultation with the videotaped data. Raters who were to the babies' group 

assignments and who did not know sign language, coded the location of the babies' hand 

activity in space. To ensure objective coding, each rater was given a visnal template of a 

young human form in four divisions vertically and laterally (from top to bottom; side to 

side) that provided locations by number wifu named anatomicallandmarks, which only 

the experimenters knew also corresponded to established obligatory linguistic spatial 

constraints of sign language, especiaHy ASL (Klima & BeHugi, 1979; Neidle, et al., 

2000) and LSQ (Bourcier & Roy, 1985; Petitto, Charron & Brière, 1990): Location l was 

the space between the top of the baby's head and the shoulders, Location 2 the space 

between the baby1s shoulders and the chest at the lower margin of the sternum (xiphoid 

compress; verticaUy) and from center chest to the length of an extended bent elbow 

(laterally; tbis is the linguistically "unmarked" or most used/canonical adult "signing 

space" and the signing space acquired first and used most frequently by young 

acquirlng sign languages; see Conlin, Miros, Mauk, & Meier, 2000; Petitto, 1987), 

Location 3 the space between the babyls lower margin of the sternum waist (crest of 

the iliac), and Location 4 the space below the waist (crest of the iliac). For statistical 

purposes, the 400 movement segments 'were then coded as faUing either within the sign-
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space (Location 2) or outside of the signing space (Locations 1,3,4), which was coded 

as non sign-space. Hand activity that crossed aH four locations space (i.e., large 

waving motions of the hand and was excluded from the analysis, and constituted 

47% (188/400) the corpus. 

Reliability measures. Inter-rater reliability measures were taken on aU aspects of 

the procedure. One rater perfoffited Optotrak analyses, which yielded frequency 

values for 400 movement segments. Reliability tests were then performed on 400 

movement segments by one rater, and a second independent rater conducted reliability 

tests on random samples of this corpus. Similarly, al12082 movement segments captured 

on videotape were transcribed once by a single rater. The 400 movement segments that 

were randomly sampled and analyzed using the Optotrak technology were also fully 

transcribed from the videotapes by a second independent rater. Reliability tests were 

further performed by a thini observer on random samples of the 400 movement segments 

from the vidootapes. AH conflicts with respect to the coding of all fields were resolved 

through discussion with agreement reaching 100%. 

Results 

The analyses yielded both an intriguing similarity and an intriguing difference 

between the two baby groups: Both speech and sign exposed baby groups were similar in 

that they produced a high-frequency hand activity at around 2.5-3.0 Hertz (by way of one 
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example, a baby who produced roughly 3 complete hand movement cycles second), 

which was found to be non-linguistic excitatory handlarm activity common to aU babies 

at this age. However, the baby groups were different in thal only sign-exposed 

hearing babies produced an additional dass of low-fl'equency hand activity with a unique 

rhythmic signature of around 1Hz. Further analyses revealed that this second dass of 

activity was Ilmanual babbling,!! and was produced largely within the linguistically-

constrained signing space. These findings are based on the following an,alyses. 

Optotrak analyses. Analyses of the Optotrak quantitative data provided frequency 

values in Hertz (Hz) for aH 400 movement segments (200 per group) produced by the 

babies. The distribution of frequency values were then plotted and compared aCfOSS 

groups of babies (sign- versus speech-exposed) across aH ages (6, 10 and 12 months). As 

is visible in Figure 1, the sign-exposed babies l frequency values of movement segments 

were bimodaHy distributed. The major mode (on left) fans around l Hz and the minor 

mode (on right) fans around 2.5 Hz. In contrast, frequency values of the speech-exposed 

babies' movement segments were unimodal, with their mode falling around 3 (aIso 

right Figure A comparison of the two groups further revealed that the frequency of 

the movement segments produced by the sign-exposed habies was significantly different 

from the activity of the speech-exposed babies at the same ages (Al (20, N = 2(0) = 

389.65, p< .001). 
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The results obtained through analyses of the Optotrak data provided a quantitative 

description of the rhythmic ha.'1d activity produced by the two groups of babies. The 

objective measurements of the frequency of the babies' hand activity clearly indicated 

that the sign-exposed group of babies was producing two distinct types hand activity. 

Stated differently, frequency at wInch hand activity is pe:rfom:H~d depends on whether 

babies are exposed to sign or speech. As only the sign-exposed group of babies was 

receiving systematic exposure to linguistic in the manual modality, we had 

hypothesized that the differences between the 1),vo groups of babies could be attributed to 

manual babbling. It is evident from the distribution of activity illustrated in Figure 1 that 

oruy the sign-exposed group of babies produced a low-frequency type of hand activity. 

We had hypothesized that tbis activity produced at approximately 1 Hz was manual 

babbling. 

The high-frequency activity produced by both groups of babies, on the other hand, 

was hypothesized to be the non-linguistic motoric activity akin to that which Thelen 

(1979, 1991) has described of all normaHy developing babies. Thus, having discovered 

solid quantitative differences between the two baby group's hand activity using the 

Optotrak technology, we tumed to the videotaped data to test our hypotheses by visually 

examining, transcribing, and analyzing the same 400 movement segments produced by 

the babies. 
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Videotape analyses. The Optotrak analyses revealed a significant difference 

between the sign-exposed and speech-exposed babies, a difference which we had 

hypothesized could attributed to sign-exposed babies' production of manual 

babbles. Based on our knowledge of the vocal babbling Hterarure and on our previous 

studies of manual babbling (Petitto & MarenteUe, 1991), we had hypothesized that 

manual babbHng wouid (i) be observed in babies exposed to sign language, (ii) be 

produced at a frequency that differed from the frequency of the non-linguistic hand 

activity that all babies penorm as part of normal motor development, (Hi) adhere to the 

weH-established babbling criteria (both oral and manual), and (iv) show other indices of 

being lillguistically cOllstrained, for example, being produced within the adult linguistic 

"signing space." The Optotrak analyses were suggestive with regards to points (i) and (ii), 

and thus we explored the two remaining criteria to better understand the nature of the 

group differences. 

Through the Optotrak analyses, we leamed that only the sign-exposed babies 

manual activity that was bimodally distributed (with respect to the speed of their 

movements). To provide insight into the nature of the manual activity produced by the 

sigll-exposed babies across ages, we therefore needed to partition observed 

movement speeds (or frequencies) into their respective low- and high-frequency modes. 

To do this, we used a classification algoritlun, a K-Means Cluster Analysis, 

assigned each individual movement segment produced by the sign-exposed babies into 
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categories. The K-Meruls CIuster Analysis isolated homogeneous groups of cases (based 

on frequency, that is, speed of movement), and an iteration process maximized fit The 

algorithm defined two categories (ciusters) of movement segments produced by the 

babies (again, on the speed of movements). The first ciuster identified by the 

K-Means Analysis (i.e., the babies' "lmllJ-frequency" activity) contained 52% of the 

babies' total activity. The second cluster identified by the K-Means Analysis consisted of 

the remaining 48% the movement segments produced by the babies (Le., the babies' 

Il hi gh-frequency " activity). 

Using the low- and high-frequency clusters defined by the K-Means Analysis, we 

evaluated the final two points of our criteria for manual babbling to shed light on the 

nature of the movement segments produced by the sign-exposed babies. SpecificaHy, we 

were interested in determining whether any of the movement segments observed in the 

low-frequency cluster were coded as "babbles" from videotape analyses, and whether 

any activity was produced in the adult linguistic flsign-space n (points iii and iv 

respectively of our criteria for manual babbles). therefore matched every instance of 

'lbabblel! and every instance of activity produced the linguistic "sign-space," with its 

corresponding frequency value (the speed at which these movements were produced), and 

hence, its corresponding low- or high-frequency cluster determined by the K-Means 

Analysis. The results are presented for each sign-exposed baby individuaUy, for the group 
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as a whole, at each experimental age, and across ages (as in the Optotrak analyses; see 

Table 3). Each baby be discussed tum .. 

A striking aspect of the data from Table 3 is that approximately 80% of the 

babies' low-frequency activity were babbles and produced in the sign-space. overall 

pattern holds for aH three babies, at each experimental session, and across aH ages. The 

movement segments produced by Baby El coded as "babblell or as falling within the 

"sign-space," for example, are plotted in Figure 2 relative to the total distribution of 

movement segments Hertz) produced. Across the three ages tested, 69% of Baby El 's 

manual activity was coded as babble, and 77% was produced within the linguistic sign-

space. contrast, only 17% and 25% of the high-frequency activity produced was 

detennined to be a manual babble or produced in the sign-space respectively. Moreover, 

little variation in tm3 overall pattern was observed at each individual age (between 60% 

and 75% of the low-frequency produced from 6 to 12 months was coded as a 

babble, and hetween 75% and 80% as faUing within the sign-space, whereas only 0-20% 

of the high-frequency activity were babbles, and 0-30% were produced in the sign-space; 

Table 3). 

Similarly, Baby E2 produced a remarkable amount ofbabbles, and activity 

sign-space at a low-frequency across all ages (94% and 90% respectively; Figure 3), and 

these percentages ranged only from 93-100% from ages 6 to 12 months for babbles, and 

from 90-100% for low-frequency activity produced the sign-space. As is evident from 
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Figure 3, baby E2 produced few babbles at a high-frequency (32% overaU), and few 

high-frequency movement segments were produced in sign-space (21 % overrul)o 

Again, these findings held at each individual age (between 0-39% babbles, and between 

0-23% sign-space activity were produced from 6 to 12 months). 

Finally, the breakdown of activity coded as a manual babble or as being produced 

in the sign-space for Baby E are presented in Figure 4. On average 90% of Baby BiS 

activity produced at a low-frequency was coded as a babble, and 81 % was produced in 

the sign-space. From 6-12 months these percentages varied between 67-100% for Baby 

BiS production of babbles and activity produced in the sign-space at a low frequency. 

Few babbles (24% overall; 0-27% from 6-12 months) and few movement segments 

occurring in the sign-space (32% overrul; 0-36% from 6-12 months) were produced by 

Baby F3 at a high frequency. 

Unlike the sign-exposed babies, the speech-exposed babies produced manual 

activity that was normally distributed across aH babies, across rul ages (recrul Figure 1). 

As such, a classification algorithm similar to the K-Means Cluster Analysis applied to the 

sign-exposed babies' data, was unnecessary here. Moreover, none of the activity 

produced speech-exposed babies was coded as babble from the videotapes, and 

only 8% of aH of the speech-exposed babies' activity was coded as faHing 'within the 

linguistic sign-space. White our video analyses, and strict criteria for attributing babbling 

status to manual activity, revealed that none of the activity produced by the speech-
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exposed babit::$ were babbles, dearly some activity produced by the speech-exposed 

babies was produced at a low frequency, as was detennilled through the Optotrak 

analyses. This low-frequency activity was observed in the original figure of the t'wo 

groups of babies l distributions of hand-movement frequency (Figure 1; the overlapped 

activity faUing below approximately 2 Hz). An hypothesis as to the nature of this low-

frequency activity observed the speech-exposed babies is presented in the Discussion. 

In sum, we discovered through the IIblind," quantitative Optotrak analyses 

orny the sign-exposed babies produced hand movement segments that were bimodally 

distributed wiih respect to the speed of their movements. The plot of the frequency 

(speed) at which the sign-exposed babies produced these movement segments, revealed 

both visuaUy and statistically a significant difference benveen the sign-exposed and 

speech-exposed groups of babies. Of the two modes observed the bimodal distribution 

of the sign-exposed babies' manual activity, one was characterized by a low speed of 

hand movements (i.e., low-frequency activity produced at approximately 1 Hz) relative to 

the hlgher speed of hand movements (i.e., high-frequency activity produced around 2.5-

3.0 Hz). Moreover, the high-frequency activity produced by the sign-exposed babies was 

not the uni modal distribution of speed of hand movements produced by 

speech-exposed babies (Le., high-frequency activity produced at approximately 3 Hz). To 

investigate the nature of these low- and hlgh-frequency modes, we first used the K-Means 

Cluster Analysis to partition the bimodal distribution of the movement segments 
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produced by the sign-exposed babies into either the "low-frequency" or "hlgh-frequencyll 

categories" The K-Means Analysis was unwarranted case of the speech-exposed 

babies, however, as their data were uni modal. We men turned to standard videotape 

analyses to deternline whether any of the low- or high-frequency activity (as detern1ined 

by the K-Means Analysis) produced by the sign-exposed babies, or whether any of the 

speech-exposed babies! activity was coded as babbles or produœd within the linguistic 

sign-spaœ. OveraU, it was determined that approximately 80% of the sign-exposed 

babies' low-frequency (speed) activity was manual babbling, and was constrained to the 

linguistic sign-space. In contras t, the sign-exposed babies' high-frequency acti'Vity was 

largely non-linguistic in that only approximately 25% were coded as babbles and as 

falling within the sign-spaœ. This latter c1ass of activity was akin te the high-frequency 

hand movements produœd by the speech-exposed babies, in that no activity was coded as 

babble and oilly 8% of their movement segments feU within the sign-spaœ. Thus, 

coUectively, our hypotheses that manual babblil1g would (i) be observed only in babies 

exposed to a signed language, (ii) he produced at a frequency distinct from that of aH 

normally developing motor activity, (iii) adhere to the criteria for attributing babble status 

to babies l forros, and (iv) he constrained to the adult, linguistic sign-space, were 

confirmed through combining the innovative Optotrak technique with the weH­

estabHshed videotape method. 
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Discussion 

origins of the human language capacity, scientists have turned 

to provided by the regular onset and structure of baby babbling. Yet the biological 

basis of baby babbling has been debated decades, one hypothesis about 

origins of babbling (induding language acquisition, and language origins) being that it 

begins as a purely non-linguistic motor activity tied to the opening and dosing the 

mouth andjaw (Locke, 2000; MacNeilage & Davis, 2000; Studdert-Kennedy, 1991). By 

contrast, others have offered that babbling is a linguistic activity reflecting the babies' 

sensitivity to specifie patterns at the helllt of human language and, in mm, their natural 

propensity to produce them (de Boysson-Bardies & DeBevoise, 1999; Jusczyk, 1997; 

Petitto, 1993,2000; Vihman, 1996); see especiaUy Pinker and Bloom (1990), regarding 

the possible utility and evolutionary signifieance of positing a contemporary brain with 

sensitivity ta the grammatical patterns of namrallanguage (see also Rizzolatti & Arbib, 

1998). 

In pUIsuit the strongest possible test of these two hypotheses we studied three 

hearing babies acquiring spoken language and a remarkable group of Huee hearing babies 

acquiring orny sign language (no speech). Petitto & Marentette (1991) nad previously 

compared hearing and deaf babies, discovering babbling on hands of deaf babies 

only, but differences may have resulted from the two group!s radicaHy different sensory 
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experiences. Here, however, the two groups of hearing babies were equal in aH 

developmental respects, but differed only the foml of the language input-by hand or 

by mouth. 

Both groups of babies can and do hear. Both groups of babies can and do make 

vocal productions. If early human language acquisition is determined exdusively by 

maturation and control of the mouth and jaw muscles, then these two groups of 

babies do with hands should be irrelevant; the two groups of babies should have 

produced fundamenta11y similar hand activity. Said another way, we would not expeet to 

see any differences in these two groups of babies' hands (despite one receiving sign 

language input) because thÏs does not involve the mouth and, again, it is mouth motor 

development that presumably funetions like the "master switch tl that drives early 

language acquisition. 

But what if there were more to acquiring language - more than the development 

of the peripheral control of the mouth and jaw? Wnat if the brain possessed tissue 

specialized to detect specifie patterns in the input that initiaUy correspond to Key aspects 

of the grammatical patterning of naturallanguage (Petitto, 1993,2000; Petitto et 

2001)1 Here, the young hearing baby equipped with this sensitivity should perceive these 

key patterns coming in on its caretakers' hands and attempt to produce them. This would 

be so even though the patterns were expressed and received a way that had nothing to 

do with the mouth and jaw . In this extraordinary situation, their baby hands should show 
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us differences in the way that they use their hands for linguistic versus non-linguistic 

activity and, further, their use of for Hnguistic activity 0UV'UA'" be different from 

anything seen in hearing ua .. '.«:;;;:' acquiring speech. the same time, one component of 

their use of hands should he similar to what aH babies do because, as a developing human 

organism, there is no reason to expect that they would not exhibit the typical 

developmental milestones of motor growth. 

In the present study, this i5 precisely what we discovered, and in a novel \Vay. The 

application of the Optotrak technology to study early linguistic development enabled us 

to examine the frequencies at which hearing babies exposed to signed and spoken 

languages produce their rhythmic hand activity. Here we discovered that the hearing 

babies acquiring sign produced two distinct types of rhythmic hand activity: One type of 

low-frequency activity was produced at approximately 1 Hz, and one type of high-

frequency activity was produced at approximately 2.5 Hz. We also discovered that the 

hearing babies acquiring speech produced only one dass of high-frequency hand activity 

at approximately 3 Hz, and that this was fundamentaUy similar to the sign-exposed 

babies' high-frequency hand activity. The Optotrak technology provided firs:!: 

quantitative measurement of babies l rhythmic hand activity in pursuit of fundamental 

linguistic questions. 

Next we turned to qualitative analysis of the videomped data to examine the 

precise nature of the low- and high-frequency activity produced by our babies. These 
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analyses revealed that the low-frequency activity was indeed flmanual babbling" (Petitto 

& Marentette, 1991), was produced within the rule-govemed obligatory sigrung space, 

and was only produced the sign-exposed babies. 

The present findings therefore fail to confirm the ubiquitous motoric nVl)otltleslS 

of baby babbling as weIl as its application to accounts of early language acq}lisition and 

the basis for the evolutionary origins of language. MacNeilage and Davis (2000) argue 

that language evolved (language phylogeny) due to the affordances provided by the 

biomechanical properties the jaw, which, in turn, suggests that speech de termines 

emergence of early language production in ontogeny. Remarkably, and without relying 

on the mouth, we observed that hearing babies acquiring sign produced manual babbling 

that was conveyed on their hands with a different dass of movement frequencies from the 

frequencies of their non-linguistic hand activity. This finding is indeed noteworthy 

because the movement frequendes that distinguished between linguistic and non-

linguistic hands were carved out of a single manual modality and yielded ovo classes of 

behavior in sign-exposed babies (whereby 52% were Iow-frequency babbling and 48% 

was high-frequency non-linguistic hand activity); by contrast, the hearing speech-exposed 

babies produced their high-frequency activity nearly 100% of the time (with only a 

fraction of their high-frequency hand activity falling within the low frequency mode). 

Therefore, we suggest that the present findings provide strong support for the linguistic 

hypothesis of babbling and by extension human language acquisition. That the linguistic 
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and non-linguistic hand movements were robustly differentiated by distinct rhythrnic 

frequencies could orny have resulted if babies find salient and can use the specifie 

rhythmic patterns that underlie narural language3
• 

Clt::arly motoric deve10pment con!:ributes to the production of syUabic babbling in 

both the manual and vocal modalities in sorne capacity, but not in exclusive that 

MacNeilage and Davis (2000) and Locke (2000) have proposed. If this were the case, 

then Hnguistic babbling should not have been present in the manual mode in our hearing 

babies acquiring sign (nor deafbabies acquiring sign; Petitto & Marentette, 1991). But if 

a strictly motoric explanation cannat account for the onset of human language 

production, then what is gui ding the convergence of linguistic structure across both the 

signed and spoken modalities? 

We propose an alternative account of babbling that has implications for the 

origins of language in babies, one whlch integrates bath Hnguistic and motor control 

principles. Ours i8 a view consistent with the linguistic hypothesis of babbling above, 

whlch suggests that babbling makes possible the baby's discovery and production of the 

most rudimentary structures of naturallanguage, phonetic-syUabic units (e.g., de 

Boysson-Bardies, 1993; de Boysson-Bardies & DeBevoise, 1999; Jusczyk, 1986, 1993, 

1997; Vihman, 1996). Here, however, we hope to take this notion farther articulating 

how the baby might discover the core syUabic babbling unit in the first place. 

appeared ta differentiate non-linguistic hand activity from manual babbling in the present 
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study was the unique rhythmic signature of naturallanguage (as compared to nOfi-

linguistie activity). An hypothesis that we are testiug further is that sigu-exposed babies 

are initially sensitive to rhythmic hursts of about 1 Hz and aH liuguistie units that 

within This, then, would afford babies with the means to diseover the particular 

babbling segments th.at th.ey produce the first place. Further, the specifie rhythmic 

and reduplicated aet of babbling may reflect the neurological integration of the motor 

production systems and the mechanisms sensitive to specifie rhythmic signatures unique 

to naturallanguage. 

It does not foHow from our finding that because sign-exposed babies produced 

linguistic manual babbling at 1 Hz that speech-exposed babies should also produce vocal 

babbling at l Hz. (Nor does it foUow that sensitivity to 1 Hz frequeney in the sign­

exposed babies should remain stable across all of early development.) We fuBy expect 

modality differenees to yield Hzlfrequency differences. The most crucial generalization 

that we wish to advance, however, is that frequency differences betweenlinguistic and 

non-linguistic input exist both in the speech and the sign stream (regardless of the 

input modality)-even though we may find that the absolute frequency varies from one 

modality to the next, and, cruciaUy, that aH human babies are born sensitive to them. In 

other words, we are suggesting here that these frequency differences are highly 

constrained patterned and that aU young babies are tacitly sensitive to this 

information. It is what the baby uses to discover the phonetic and syUabic segments in the 
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linguistic stream so as to produce babbling in the first place and, ultimately, to crack-the-

code of hs native language's structure. 

summarize more generally how language acquisition might have proceeded 

the present case, the young hearing baby exposed to sign language, equipped with such a 

sensitivity ta specifie rhythmie frequency patterns, wouM perceive these key patterns 

coming in on its caretakers1 hands. Then, building on pre-existing rr-aûtiple neural 

pathways to the primaf'j motor cortex (hand, mouth, oral-facial), the baby would attempt 

to produce these nascent patterns beginning around age 6 months mirroring the specifie 

modality to which the patterns were inputtedlperceived. Here, we propose that it is the 

human child's sensitivity to specifie rudimentary rhythmic patterns that correspond ta 

aspects of natural language structure that is geneticaHy endowed and stable across the 

species, and that fuis sensitivity is one of the primary umaster-switehe3" that launches and 

determines the universal developmentallanguage milestones that we see in the first year 

of life sueh as babbling. On tm3 view, the human capacity to express language constitutes 

a neurologically "open" genetic pro gram at birth, with its neural "stabilizationll only 

coming in the first few months of life. This expressive eapacity is initially so 

highly "plastic ll that, as has been shown in the present study (and a generation of others, 

e.g., see Petitto, 2000, for a review), it can recruit IIon-line!1 either the hands or the tongue 

without any 108s, delay, or trauma to the timing and the achievement of the normal 

language acquisition milestones. Thus, rather than mouth-jaw motor developments 
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driving aU of early human language ontogeny the most radical proposaI being offered 

here is the human expressive capacity is not neurological f!fixed!! at birû1 and instead 

develops and becomes neurologicaHyfixed only afterbirth in aU humans (actually, this 

always seemed self-evident to us if oniy on the grounds that we agree that babies are 

not born talking). We shaH leave for others to address the evolutionary (phylogenetic) 

sigmficance of our proposai regarding human language ontogeny and its implication that 

aspects the need to process rapidly densely-packed, complex, and multisensory input 

signaIs could have given rise to a brain that had the capacity to extract away from the raw 

input modality to the detection of its underlying key patterns-and, with regard to human 

language-its key underlying grammatical units and their distributional 

regularities-which could have ultimately afforded selection advantages for successive 

communication and social orgarnzation. 

A final puzzle is this: Do hearing babies acquiring spoken language produce 

manual babbling as seen in babies acquiring signlanguages? No. But they produce 

rhythmic h<.'h'1d activity, and the present study teaches us that aH rhythms are not the same. 

The Optotrak analyses showed us that the rhythmic frequencies underlying true manual 

babbling in sign-exposed babies was differem: from the rhythmic frequencies underlying 

non-linguistic hand activity speech-exposed (and sign-exposed) babies. 

This leads us to a key methodological point: Although syllabic organization was 

observed in the Petitto and Marentette study (1991), nothing was known about the precise 
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rhythn.nc frequency of manual babbling. For this reason, the precise definition of manual 

babbling has heen subject to controversy as such, has eluded researchers thus far. 

Now Optotrak analyses of rhytlunic hand activity provide the quantitative aspect of the 

definition lacking in previous studies, and we suggest that use technology such as 

Optotrak i8 imperative such future studies. Recall that previous attributions about 

the existence of manual babbling in hearing babies acquiring spoken language relied 

exdusively on subjective decisions made aiter looking at videotapes of babies' hands 

(Meier & Willerman, 1995). Bm: this method alone will not do because use of the 

Optotrak teaches us that there are crucial quantitative data to be discovered that are not 

possible to obtain with a videotape alone. lt would he like trying to see the difference 

between [pl and [b] on a videotape alone without a speech spectrogram. In moving away 

from the exclusive use of videotapes, we will remove the confusion caused in the 

literature by subjective coding procedures, and we will aHeviate the confusion over 

various definitions of marmal babbling (see Meier & WiUerman, 1995; Cormier et al., 

1998). FinaUy, we will remove speculations about the existence of manual babbling 

hearing babies acquiring spoken language because, again, it does not occur both in the 

way and to the extent that have been claimed (see Meier & WiHerman, 1995). That young 

hearing babies acquiring speech do occasionaUy hit upon true syllabic manual babbles is 

identical to the phenomenon whereby young bables do occasionaHy upon tme 

syHabic vocal babbles (OHer & Eilers, 1988; more below). Some of this overlap is due to 
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accidentaI production affordances inherent in the respective hand-mouth modalities and, 

cruciaUy, some of it is whoBy predicted the hypothesis we propose here (as wen as 

Petitto & Marentette, 1991 and Petitto, 1993,2000). 

Why do hearing babies acquiring speech (no sign) produce sorne occasional 

highly reduced instances of mannal babbling-type activity on their hands? Petitto (1993) 

offered a linguisticaHy-based alternative hypothesis as to why hearing babies may 

produce instances of babbling on their hands, one whlch also explains how it is possible 

that profoundly deaf babies can produce instances of vocal babbling. Drawing from 

robust similarities between the phonetic syUabic content of vocal and manual 

babbling, Petitto hypothesized that the human brain contains specialization to particular 

input patterns relevant to aspects of the structure of naturallanguage that is linked to 

rudimentary motor progranls to produce them--but that is not initially linked to a 

particular modality. If 50, it foHows that speech and manual movements in young babies 

are equipotential articulators, either of which cau be recruited lIon-line" in very early 

deve1opment, depending upon the language and modality to whlch the baby is exposed. It 

furtner fo11ow8 that a baby's lialtemative" modality--or the modality in which the baby is 

not receiving linguistic input--may evidence this equipotentiality in the form of motoric 

l!leakage,l! whereby it may run off in unsystematic ways relative to the baby's 

corresponding systematic and patterned productions of babbling. As support for this 

hypothesis, Petitto and Marentette (1991) found through qualitative analyses that 
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although a small portion of their hearing (non-sign exposed) babies! manual activity was 

indeed like that of deaf babiesl rnrumal babbling, it contained far fewer phonetic units (3 

as cornpared to 13 the deaf babies), with far and less complex syllabic 

organization (1 as opposed to 4 syUable types in deaf babies). Interestingly, the nature of 

deaf babies' vocal babbling fUfther supports this hypothesis: In addition to deaf babies1 

systernatic hand babbling, deaf babies also produce syUabic vocal babbling, but, here, 

their vocal syHables exhibit a very reduced set of consonants and vowels with very little 

variation in syHabic forrn (OHer & Eilers, 1988; see also Footnotes 2 and 3). 

The Optotrak analyses of the babies! rhythrnic rnanual activity in the present study 

also showed us that sorne activity in the hearing babies acquiring speech "appearedll to he 

manual babble-like, in that it carried the same low-frequency rhythmic signature. But this 

babble-like activity was unsystematic in 1inguistic forro, as revealed by the application of 

the babbling criteria to the babies' forms, and was further unprincipled as revealed by the 

location in space analyses. Thus, the systematic and pattemed manual babbling observed 

only the sign-exposed heariug babies on the other hand, was one constrained by 

linguistic principles, as revealed through the foUowing powerful defining fearures: 

their low-frequency movement cycles, the stringent criteria for attributing babbling status 

to babies' early forms, and the babies1 production of this activity in the obligatory signing 

space-three features which together constitute the best definition of manual babbHng by 

which ta judge all other hand activity. 
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Through the unique lens of an extraordinary population of hearing babies 

acquiring sign language, we discovered that the rhythmic frequencies of hands 

differed depending on whether they were producing linguistic versus non-linguistic 

activity. Surprisingly, wit.~out benefit of the mouth, these hearing babies babbled on their 

hands. This finding fails to support the hypothesis human babbling (and hence early 

human language acquisition) is exc1usively determined by the baby's emerging control 

over the mouth and ja:-w. Instead, it suggests the hypothesis that the differentiation 

between linguistic and non-linguistic hand activity could only have resulted if aH babies 

are born with a sensitivity to specifie rhythmic patterns ai the hem of human language 

and a capacity to use them. This furiher lead to our proposing a new hypothesis to explain 

the emergence of early language that m08t certainly warrants much additional research. 

At the same time, we hope to have shown that by investigating the basis of babbling from 

the perspective of another modality, we can finaUy begin to discern the relative 

contribution of biological and environmental factors that together make possible the 

ontogeny of human language. 
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Footnotes 

1. spoken languages, aU signs (homologous to the words) and sentences in 

sign languages are formed from a restrictedlfinite set of meaningless units caUed sign-

phonetic units (e.g., Brentari, 1999; e.g., the unmarked, frequent phonetic unit in 

American Sign Language involving a clenched fist with an exrended thumb), which are 

further organized into syUables. Like the consonant-vowel syllable structure spoken 

language, the structural nucleus of the !lsign-syllable" consists of the rhythmic opening 

and dosing altemations and/or the rhythmic movement-hold altemations of the 

hands/arms (e.g., Liddell & Johnson, 1989; Perlmutter, 1991, 1992). 

2. These hearing babies were raised entire1y immersed in an highly exclusive 

signing deaf world (with deaf parents and deaf extended family members, aU of whom 

were active in weekend local deaf social clubs, etc.) from birth lmtil approximately age 3. 

To be sure, aU of these sign-exposed hearing babies were irmnersed in this signing deaf 

context within the key rime period relevant to the present study, ages 6 to 12 months. 

While babies would not have heard radio or (as no audio would be 

present a deaf home), these hearing babies must have heard some speech; for example, 

at a gas station or in a supennarket. However, no baby this study received systematic 

exposure to a-ny spoken language and certainly none had spoken language systematically 

directed to them; although both points are important, systematic exposure within key 
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maturational periods of human development is utterly crucial in human language 

acquisition. Furthermore, one example that this extremely occasional speech was not 

salient to anwor used by these babies the fact that they did not produce systematic 

syllabic vocal babbling, and they should have if they were attending tOÎanalyzing this 

overheard speech (see Footnote 3). 

3. Interestingly, motoric hypothesis, with its focus on the emerging control 

over the mouth and jaw, would also predict thal both baby groups should have babbled 

vocally. As growing young hmnans, by default, groups of babies were developing 

more and more control over their mouth andjaw musdes-just like both groups of bables 

were developing the abilities to sit, stand, and walk. But our hearing babies acquiring 

sign did not vocaUy babble like other hearing babies, thereby providing a further 

challenge to the motoric hypothesis. Although beyond the scope of the theoretical goals 

of this paper, our hearing babies exposed only to sign language did of course produce 

vocaiizations and at times they even hit upon a syHabic vocal babble. But the se babies' 

vocal babbling was distinctively "off," different from a baby who receives systematic 

exposure to speech. Their vocal babbling was not systematic in the way seen in other 

hearing babies acquiring speech, did not contain the normal range of phonetic units and 

syUable types and the onset times and babbling progression were different from the 

regular patterns typically seen (for corroborating evidence see also OlIer & Eilers, 1988). 

Precisely how our sign-exposed hearing babies' vocal babbling was different (and 
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similar) to the babbling of hearing babies receiving systematic speech input is presently 

under investigation. As we suggest below, these hearing babies acquiring sign do 110t 

vocally babble like other hearing babies because they are not receiving the patterned 

language input that they need (in this case, in speech) to initiate language analysis-

babbling loop. Although these babies do hear sounds and fragments of speech, they teach 

us that fragmentary and unsystematic input is, evidently, just not enough. They need 

systematic exposure to the specifie patterns found natural1anguage (in case, 

spoken language); what they do with the fragmentary speech can only go so 

far-especiaUy here with regard to absence of nornlal vocal babbling and in generai 

with regard to how much of language any child can construct without formal systematic 

patterned input (e.g., Goldin-Meadow, 1981). 
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Table 1 

Ages of Subjects at Videotaped Sessions 

Group 

Sign-Exposed 

El 

E2 

ID 

Speech-Exposed 

Cl 

C2 

C3 

1 

o;m.02 

0;05.24 

0;06.03 

0;06.07 

0;05.26 

0;06.04 

Session 

2 

0;09.26 

0;10.06 

0;09.28 

0;10.00 

0;10.01 

0;09.31 

90 

3 

1;00.02 

1;00.01 

1;00.00 

1;00.02 

1;00.08 

1;00.08 



Table 2 

Percentage of AlllVl.anual Activity Produced the (a) Sign-Exposed; and (b) Speech­

Exposed Babies at 6, 1 () and Months 

Age in Months 

Group 6 10 12 

(a) Sign-Exposed 

El 68 16 16 

E2 84 10 6 

ID 74 23 3 

Mean 75.3 16.3 S.3 

(b) Speech-Exposed 

Cl 78 14 8 

C2 72 26 2 

C3 79 12 9 

Mean 76.3 17.3 6.3 
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Table 3 

Percentage of AU (a) Low-Frequen,cy, and (b) High~Frequency Manual Activity Produced by the Sign-F.xposed Babies Coded as 

"Babble" or as Falling Within the Lmguistic "Sign .. Spac6," al 6, 10 arul12 Montils 

~------,~----~----~. _... --- .. '" -----, " . ~----~----,----~'~---------

Age in Months 

~---------,~.-----, ------~----~ 

6 Mondls 10 Months 12 Months AllAges 

------------..,----=-----,--~~---.,.,---"'---

(a) Low Frequency Babbl~ Sign:Sp,ace Babbl~ Sign .. Sn@S1 BAbbie ~S,pace Babbl~ Sign-Spa~ 

El 60 80 75 15 75 75 69 77 

E2 93 90 100 100 100 100 94 90 

E3 98 85 67 67 100 100 90 81 

Mean 84 85 81 81 92 92 84 82 

..,............,,-' ---._~--~ 

(table contirrues) 



----~--,-~~~' ----~--~---, 

Age in Months 

--~ ---..:. -~-_..:. ~--~---

6 Months 10 Months 12 Months AU Ages 

, ....... ,~ ,,--

(b) High Frequency :aabbl~ Sign-Spaœ Babble Sllm",SpaÇ.~ Babble Sign-:Spaœ SW1:.~ace 

~ 

El 20 30 0 0 0 0 17 25 

E2 39 23 20 20 0 0 32 21 

E3 27 32 18 36 0 0 24 32 

Memn 29 28 13 19 0 0 14 27 

-,.".,...-----,-,~""'"'" --~ 
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Distribution of the frequencies of sign-exposed and speech-exposed babies' movement 

segments. 

94 



Ill! 
$1' 
i\:: 
1@.! 

li 
~ 
~ 
Ill! 

$1' 
&l: 
1@.! 

1: 
1@.! 
~ 
i§! 

e 
""" i§! 

io.. 
l!!I 

.t.\'I 

fi z 

5 

4 

3 ~, 

2 3 

Hand-movement freql.lency (Hz) 

Figure 2 

4 

-Tota! 
__ Sign·$pace 
....,.o..-Babble 

5 

Distribution of the frequencies of sign-exposed baby El '5 babbles and sign-space activity 

relative to the rustribution of an ,movement segments p.roduced. 

95 



-Total 
---= Slgn-Space 
-<>--Babble 

14 

\ii 12 
""" i!lll 

<II' 
li : 
III .. 
~ 

10 
~ 

li 
@Ii 

= li 
8 ~ 

Iê 
r.. 
<II' 

&Ii 
li 
:i!.I 
Z 6 

Hand-movement frequency (Hz) 

Figure 3 

Distribution of the frequencies of sign-exposed baby E2's babbles and sign-space activity 

relative to the distribution or aU .movement segmentsproduced. 

96 



\Ii 

"'" i 
i 
i!1ifI 
~ 
!Ii .. 
llli1 
@I 

! 
@j 
li' e 
li .... e 
b 
@j 
A 
i 
:::II 
Z 

25 -' 
:~ 

20 _: 

15 

10 

Figure 4 

Hand-movement frequency (Hz) 

-Totai 
~ Sign~Space 

-O-Sabble 

Distribution of the frequencies of sign-exposed baby E3 ls babbles and sign-spaœ activity 

relative to the distribution ofall movement segments produced. 

97 



Chaprer 3: Oral POrolS 
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From Manual to Oral F orms 

Clues as to the origins of language were in Chapter 2 "''''~',"""", an 

investigation of the basis babbling. From examining the acquisition of language in the 

manual modality, it was dear that motoric linguistic systems be 

apart. Because the babies exposed to a signed language produced linguistic manual 

activity, it was conduded that babies are endowed with a linguistic system distinct from 

their developing motor systems even before they uUer their first words. Moreover, in 

studying the manual activity of the babies, new properties of manual babbling were 

posited. First, it was discovered that manual babbles were produced at a frequency 

distinct from that of aH other non-linguistic manual activity. Second, manual babbling, 

like adult signing, was produced in the linguistic signing space. 

As with Chapter 2, the study in Chapter 3 was conducted to advance our 

understanding of the origins of language through studying the basis of babbling. Because 

a fundamentally linguistic view of the basis of babbling was supported considering 

babbling from the manual perspective, it was hypothesized the same would nold true 

from the oral perspective. Unlike the easily observable external articulators of babies 

acquiring a signed language, nowever, the vocal apparatus ofbabies acquiring a spoken 

language is largely internat fact rendered the Optotrak technology employed in 

Chapter 2 unsuitable for studying wnether a distinction exists between the motoric 
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linguistic systems of babies1 oral fonns. A weH-estabHshed technique was therefore 

borrowed the adult literature and applied for the first to babies' oral activity as 

a means of shedding new light on the neural underpinnings of babblillg, The results 

ernlanced OUf understanding the basis of babbling, and hence origins of language, 

and contributed to the existing criteria for identifying vocal babbles as distinct from aH 

oral fOffilS produced by babies. 
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Abstract 

Babies' oral was examined for aSYTIŒn1etry.VVefound 

babhles were produced with right asymmetry (reflecting 

specialization), equal mouth opening with non-babbles, 

hemisphere language 

asymmetry while 

smiling. This first-time demonstration left hemisphere specialization for babbling 

sheds new on languagets neural underpinnings. 
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Left Hemisphere Cerebral Specialization for Babies While Babbling 

Introduction 

Baby babbling is universal developmental milestone before the onset of 

language production in humans, yet !iule is known about whether the neural determinants 

of this behavior are fundamentaUy linguistic (Petitto, Holowka, Sergio, & Ostry, 2001; 

Pinker & Bloom, 1992), or reflect only oral-motor developments (MacNeilage & Davis, 

2000; Locke, 2000). In adults, the presence of right asymmetry in mouth aperture during 

linguistic tasks as contrasted with left or equal mouth opening during non-linguistic tasks 

has been widely used as a key measure of left hemisphere cerebral specialization for 

language (Graves & Landis, 1990). Given the non-invasive nature of mouth asymmetry 

studies, this technique is ideaHy suited to inferring whether functional cerebral 

asymmetries of babies1 earliest productions exist. If babbling is fundamentally linguistic 

in nature, then left hemispheric specialization should be reflected in right mouth 

asymmetry while babbling. If babbling is fundarnentaHy motoric in nature, then equal 

hemispheric participation should be reflected mouth opening while babbling. 

The results will provide insight into the neural basis of babbHng and hence into the 

origins of human language. 
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Aiethods 

To control for any language-specifie effects mouth asymmetry, we videotaped 

10 babies acquiring either English (n=5) or French (n=5). The babies were studied 

between the ages of 5 and12 months, according to the age at which eaeh baby first 

entered the synabie babbling stage. Once this developmental milestone was achieved, we 

examined three types of oral aetivity produced by the babies: babbles, nonbabbles, and 

smiles (Table 1). Babbles were defined as vocaHzations that contained a reduced subset 

of possible sounds (phonetic units) found spoken language, had reduplieated (repeated) 

syllabic organization (consonant-vO\~lel alternations), and were produced without 

apparent meaning or reference; all vocalizations lacking any of these three criteria were 

coded as nonbabbles. Spontaneous smiles were eoded as an additional control of babies' 

specificity of mouth opening for distinctive types of oral activity (Graves & Landis, 

1990). 

At 50 ms (three video frames) from initial iip opening, two flblind l1 independent 

coders scored 150 randomly seleeted segments babbles, nonbabbles and smiles 

according to 'INhether greater right, left or equal mouth opening was observed. A standard 

Laterality Index (U; Graves & Landis, 1990) was computed for eaeh baby for their 

production of babbles, nonbabbles and smiles: LI=(R-LlR+L+E), and mean scores 

were ealculated for each group of babies (English and French). Thus, a mean positive LI 
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score indicated more instances of right mouth opening, and a mean negative score 

indicated more instances of mouth operung for the given production. 

Results 

The mean scores mGlICa,œo that babies had 1HVUUA asymmetry 

while babbling, equal mouth operung while nonbabbles were produced, and left mouth 

asymmetry while smiling (Figure 1). Statistical analysis was perlormed using a two-way 

mixed analysis of variance: group (English and French) x production (babble, nonbabble, 

smile). No significant effect of group was detected (F=O.09, n.s.), indicating that no 

significant differences were found between the English and French babies (Table 1). A 

sigruficant main effect was discovered for production (F=236.91, p<O.OOl), and all pair-

wise comparisons were significant (p<O.OOl), indicating that the babies' mouth opening 

differed depending on whether a babble, nonbabble, or smile was produced. 

Discussion 

The origins of language in humans have remained elusive as a result of 

controversy over the neural basis of babbling. Like adults, the right mouth asymmetry 

observed in babies suggests left hemisphere asymmetry for babbling, reflecting the 

human left hemisphere control of naturallanguage. If babbling were simply a way for the 

baby to flex the motor control system for the mouth, tongue, and throat--no different from 

the system used in chewing--then symmetry in mouth opening would have been 
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observed. Instead, we witnessed an asymmetrical pattern of mouth opening for babbling, 

which supports the fundamentally linguistic view that babbling reflects babies1 sensitivity 

to and production of patterns linguistic input (Petitto et aL, 2001). We thus 

condude that babbling represents the onset of the productive language capacity 

humans, rather than an exclusively oral-motor development. 

This discovery demonstrates left hemisphere cerebral specialization for babies 

while babbling, which mm, suggests that language funcrions humans are 

from a very early point in development. Moreover, the smile results iHustrate the 

specificity of the right-sided mouth advantage of babbling behavior in babies, corroborate 

classic neuropsychological adult studies (Gazzaniga & Smylie, 1983), and suggest that, 

like adults (Borod, Kent, Koff, Martin, & Aipert, 1988), babies' emotional expression 

may be controUed by the right hemisphere even al. the early age of 5 months. Ongoing 

research is exploring the feasibility of using this mouth asymmetry technique as a means 

for detecting potentiallanguage deficits in babies even before they urter their first words, 

which represents the earliest mea~nlfe of its type to date and sheds light on the emergence 

and neural foundation of higher human cognition. 
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Table l 

Individual and Group Data Showing Right, Equal, or Left IUU'"'''' 

French Babies White Producing Babbles, Nonbabbles, and Smiles 

in English and 

Group Baby Gender Agel{ Laterality Index (LI)" 

Babbles Nonbabbles Smiles 

El Male 10;00 0.8 0 

E2 Male 05;26 1 0 -1 

English ID Female 11;10 1 -0.2 -0.4 

Female 12;00 1 -0.2 -0.8 

E5 Female 12;04 0.8 0 -1 

Mean li (English) 0.92 -0.08 -0.84 

(table continues) 
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Group Baby Gender AgeIJ. Laterality Index (UY' 

Babbles Nonbabbles Smiles 

FI Female 09;27 0.8 -0.2 -0.6 

F2 Female 08;00 0.8 0 -1 

French F3 Female 08;13 1 0 -1 

F4 Male 10;02 0.8 0 -0.6 

F5 Male 09;01 0.8 -0.2 -0.8 

Mean LI (French) 0.84 -0.08 -0.80 

LWeanU(AU) 0.88 -0.08 -0.82 

Note. L Table 1 contains individu al data from the study of moufu opening 

asymmetry for vocal babbles, nonbabbles, and smiles in two groups of 10 

normaUy developing and normally hearing babies (5 English and 5 French). 

Because babies were tested according to the age at which they first entered the 

syllabic babbling stage (vocalizations containing a reduced subset of possible 

phonetic units, with reduplicated or repeated syUabic consonant-vowel 

alternations, and produced without apparent meaning or reference) the exact age 

of each baby at testing and the age of onset of syllabic babbling are one and the 
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same and, thus, appear here under the single heading "Age'''!. A standard 

Laternlity Index (U)b(Graves & Landis, 1990) was computed for each baby 

according to whether greater Right, Equal, or Len mouth opening was observed 

when producing babbles, nonbabbles and smiles, with a mean positive LI score 

indicating more instances of right mouth opening and a mean negative LI score 

indicating more instances of left mouth opening. The Table shows that both 

individuaUy, and by group, aU babies had right mouth asymmetry while babbling, 

equal mouth opening with non-babbles, and left mouth asymmetry white smiling. 

liAge = Months;days 

bLaterality Index (LI) = (Right-LeftfRight+Left+Equal). 
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Mean 

Figure 1 

Consecutive frames from video recordings showing a baby's left mouth opening while 

smiling (left), and right mouth opening while babbling (right). Mean LI scores for aH of 

the babies were as follows: babble = +0.88 (stripes), nonbabble = -0.08 (gray), and 

smile = -0.82 (black) 
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Chapter 4: Maunal and Oral Forms 
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From F orm to Meaning 

The findings from Chapters 2 and 3 suggested that the basis of babbling was 

fundamentaUy linguistic in ~''''.,"H''', which in turn, suggested that the origins of expressive 

language reside in the syllabic babbles of babies. These findings heM across both the 

signed spoken modalities, and new properties defining babbles were demonstrated 

for each mode. In the man-ual modality babies' babbles were produced in the canonical 

linguistic signing space, and were produced al: a frequency distinct from other manual 

activity. From the oral perspective it was determined that like a weU-established property 

of adult language, linguistic activity was under left hemisphere controL 

The studies in Chapters 2 and 3 provided new insight into the origins and 

properties of emerging language, and thus the study Chapter 4 was designed to 

investigate the processes underlying early language acquisition. More specifically, how 

babies make the transition from fonn (babbles) to meaning (words) were examined, by 

studying how babies constrain, organize, and use their first words. As Chapters 2 and 3 

examined babies from the manual and oral perspectives respectively, these processes 

were studied in babies acquiring a manual and an oral language simultaneously in 

Chapter 4. By comparing babies acquiring a signed and a spoken language 

simultaneously to babies acquiring two spoken languages simultaneously, hypotheses 

regarding the processes underlying alilanguage acquisition were tested. Examining the 

114 



acquisition of two languages in two different modalities had the added advantage of 

accounting individual differences across babies, as the manual and oral languages 

were examined the same child. Furthermore, it made the testing of new 

hypotheses regarding universal semantic conceptual underpinnings transcend 

modality differences the same baby. sum, the resuits provided new insight into 

contemporary theoretical and methodological issues in the field of biHngualism, ln 

into the processes underlying aU acquisition. 
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Abstract 

We addressed the question of how babies exposed te two languages simultaneously 

acquire the meanings of words across their two languages. particular, we attempted to 

shed new light on whether babies k..'lOW that they are acquiring different lexicolls right 

from the start, or whether early bilingual exposure causes them to be semanticaHy 

confused. We proposed a coHection research methods that, taken together, can answer 

these questions, which have hltherto received seant attention. Six hearing babies were 

videotaped for one hour on average seven times over one year (ages ranging from 0;07 to 

2;02); tluee babies were acquiring French and English, and three French and LSQ. These 

populations offer unique insights into the semantic knowledge underlying bilingual as 

weIl as monolinguallanguage acquisition. \Ve found that the babies (i) acquired their two 

languages on the same timetable as monolinguals and (ii) produced translation 

equivalents in their very first lexicons. Further, their early words (signs) in each language 

(iii) were constrained along kind boundaries, (iv) showed fundamentally similar semantic 

organization across their duallexicons, and (v) reflected the meanings of favorite 

things first. We aiso discuss why attributions that young bilinguals are delayed and 

confused have prevailed and we show that t11ey are neither at this point development. 

FinaHy, the present findings show how research of tms type can provide a method for 

making bilingual norms whoUy attainable. 
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Semantic and conceptual knowledge underlying bilingual babies' first signs and words 

Introduction 

Determining the meaning of words is a problem that perplexed philosophers 

and scientists for centuries remains an active topic of debate to trus day. Determining 

how the young monolinguaI acquîres word meanings--especiaUy words for objects--is 

even more puzzling and has spawned a vibrant sub-discipline of study in child language. 

Researchers studying babies acquiring two languages from birth have aIso been faced 

with the problem of detemlining how these young bilinguals acquire the meanings of 

their very first words. But here, unlike studies of monollnguals, our understanding of 

what young bilinguals know about t.."Ie meanings of words across their two languages has 

received surprisingly little sdentific scrutiny. the present paper, we hope to offer three 

fundamental insights into (i) how bilingual babies acquire early word meanings in each of 

their two languages over time, (ii) how word meanings are conceptuaHy constrained and 

semantically organized for each language, and (iii) what research methods migh! best 

help us gain trus knowledge. To achieve these goals, we focus ou.r attention on a 

fascinating group of young bilinguals--babies acquiring French and Langue des Signes 

Québecoise (LSQ)--in addition to babies acquiring French and English, because, 

together, they offer us an unique lens into the semantic landscape of the young bilingual 

mind. 
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How does the monolingual child acquire word meanings? 

In his c1assic observation, the philosopher Quine (1960, 1980) noted that there are 

numerous possible meaning13 for any word defined ostension, If, for example, a ~U'"''-'''''' 

points towards Il rabbit in a room which also contains a cat and a dog, and 13ays "rabbit," 

how does the know that (a) she i13 referring to rabbit the room, as opposed to 

the cat or the dog, and (b) she is referring to the whole rabbit and not a part: for example, 

Hs whiskers, color, or ears? These and other problems of word learning have stimulated 

decades of research that have provided insights into how children acquire word 

meanings. While we cannot capture the full richness of this literature here, below we 

provide but a bdef sketch of key reasoning and refer the reader to the fol1owing for 

important contemporary discussion of this topic (e.g., Bloom, 2000; Carey, 1982; 

Golinkoff & Hirsh-Pasek, 1999; Hollich, Hirsh-Pasek, & Golinkoff, in press). 

Taylor and Gelman (1989) proposed that perhaps children rely on heuristics and 

strategies to induce the meanings of early words. One strategy that children may employ 

to grasp the meanings of new words is by identifying dues from linguistic form dass 

(e.g., Carey, 1982; Taylor & Gelman, 1989). In English, for example, syntactic form 

dass cau help children distinguish bet'weeu common nOUIlS proper nouns. Katz, 

Baker, and Macnanlara (1974) iHustrated this point in their landmark study by presenting 

18-month old girls with a doU named "Dax. 1I These girls proceeded to calI 0111y this 

particular doH "Dax" and refrained from caHing aU other doUs by the name "Dax. Il 
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Subsequendy, when another group of baby girls was introduced to the same doU as 

Dax,1l the children applied the name "Dax!! to aU doUs. Thus, the children acquired the 

meaning of IlDax Il by recognizing determiner "a" marks common nouns as 

distinct proper nouns English. 

Markman (1992) identified another possible strategy used by children to induce 

the meanings of new words caHed the mutual exdusivity constraint, which biases 

children toward acquiring a single label for each object in the world. One advantage of 

tbis constraint is that children can acquire new words for objects by inference. Thus, in 

the example above, according to the mutual exdusivity constraint, if the child knew the 

labels for cat and for dog, then she would infer that !lrabbit" refers to the other animal in 

the room for which she did not have a name (the rabbit). While the strategies proposed by 

Taylor, Gelman, Markman, and others may enable children to acquire the meanings of 

new words, these strategies assume both a basic vocabulary and a basic knowledge of 

syntactic structure and, as such, may be problematic for babies acquiring the meaning of 

their very first words (see a180 Clark's 1988, "principle of contrast" below). 

How can researchers study the bilingual child's ward meanings? 

Researchers studying babies acquiring two languages simultaneously have a180 

been concemed with how they acquire word meanings and, in particular, researchers have 

been concemed with the intricacies faced by bilingual babie8 when acquiring the 

semantic concepts behind two languages. One possibility, for example, is that bilingual 
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babies "know,j that they are acquirillg two distinct language systems (i.e., tem1ed the 

lldifferentiated language system hypothesis;" cL Genesee, 1989; for other proponents see 

Deuchar & Quay, 2000; Genesee, Nicoladis, & Paradis, 1995; Lanza, 1992; Meisel, 

1989; Petitto et al., 2001). Alternatively, young bilinguals may begin by thinking that 

words from their two different languages constitute a single language system that 

eventuaHy becomes differentiated over the first few years of life termed the "unitary 

language system hypothesisl' by Gel1esee, 1989, although he has not advanced this view; 

e.g., see instead, Redlinger & Park, 1980; Vihman, 1985). This latter view implies that 

young bilinguals may he initiaHy confused in sorting out the semantic concepts 

underlying early words across their n'Vo languages. 

In the foHowing section, we will oudine a multifaceted approach to evaluate these 

competing hypotheses, and other issues sUITounding the young bilingual's word meanings 

and their semantic and conceptual underpinnings, by using a combined methodology with 

several key components: Analyses of the Ci) presence of cross-language synonyms, which 

yie1ds information about what young bilinguals know about the meanings (semantics) of 

words their relatedunderlying concepts across their two languages sheds light on 

whether young bilinguals differentiate their two languages from the start; (ii) conceptual 

underpinning of early lexical meanings, which yields information about whether word 

meanings are conceptuaUy constrained; and (iii) categorization of basic word meanings 

and concepts, which yields information about the young bilinguals' categorization of 
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semantic concepts across each of its two languages over time, as weIl as identifies any 

universal patterns in what topics children select to talk about first. Two other 

methodological considerations are raised we believe, if taken together the above 

three approaches, can fundamentaUy advance our understanding of how bilingual babies 

acquire early word meanings and how word meanings are semanticaUy and conceptually 

organized in each of their two languages. These considerations indude arguments in 

support of (iv) use of multiple data sources when studying young bilinguals and (v) 

comparisons of bilinguals to established monolingual nornlS. 

Presence a/cross-language synonyms or translation equivalents (TEs). An 

intriguing and recurring question in the research literature about young bilingual babies' 

early two lexicons is whether they cau possess a word for a specifie object like a doU in, 

for example, French Ilpoupée, li and, at the same moment in development, aiso posses the 

word for this ideutical object in their other language, for example, English "dol!." This is 

not a matter of whether, like monolinguals, they possess words with overlapping 

meallings (like "cuptl and "glass"), but whether they can have an identical word, like 

Itcup," for an identical referent (a cnp) each of their t\vo lexicons at the same time, 

espedaHy in their set of first words. 

Because in their dassic study of bi1illgual children Volterra Taeschner (1978) 

not observe such "cross-language synonyms," or more recently caHed "translation 

equivalents lf (TEs), for nearly two decades a prevailillg view had been that young 
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bilinguals do not and ostensibly cannot produce them. This was presumably because 

bilingual babies initiaHy possess a single, fused linguistic system that contains largely 

semanticaHy undifferentiated words from languages, aU of the underlyin g 

conceptual confusion t11at this would 

Are bilingual babies' early lexicons semantically and conceptually 

undifferentiated? Are they semanticaUy and conceptuaHy confused? If, as sorne had 

daimed, babies do not possess two lexical items for an identical referent (one 

from each of their languages), then this could be considered evidence that they are 

initially semantically and conceptuaUy confused. Following from this very logic, 

however, we suggest that if young bilinguals do possess two lexical items for an identical 

referent in each lexicon at the same time, then this would provide evidence that they are 

not semantically and conceptuaHy confused. We fully appreciate that TEs aione would 

not constitute the sole evidence needed to establish that young biiinguals have knowledge 

of one versus two Hnguistic systems, but it would be an important part of the combined 

methodology that we offer here in an attempt to gain insight into what young bilinguals 

know about their two languages from the start. Said another way, the discovery of TEs 

the vocabulary of young bilinguals, in combination with the other methods here, would 

imply that they are not confused by words from each of their languages that refer to the 

same referent (and to same underlying concept, and mean the same thing) because they 

liknow" that they are acquiring two distinct languages--which is precisely what we and 
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several other recent researchers have argued after having discovered TEs in the 

vocabularies of young bilingual subjects (e.g., Pearson, Femandez, & OUer (1995); 

Petitto et al., 2001; see also Nicoladis, 1998, and Quay, 1995, who report the existence of 

TEs in a Porruguese-English child, a Spanish-English child, respectively). 

Nicoladis (1998) further proposed that childrenls understanding of appropriate pragmatic 

use of two languages may be linked to their knowledge that their TEs belong to two 

distinct linguistic systems. 

An import..ant due that bilingual babies may not possess underlying semantic and 

conceptual confusion when acquiring word meanings across two different languages 

emerged from a key study by Pearson et aL (1995) that examined the presence or absence 

of TEs in the vocabularies of young bilinguals. They srudied 27 Spanish-English 

bilingual children, and reported that on average approximately 30% of an individual 

bilingual child's early vocabulary words was judged to be semantic TEs. Further, to 

explain the apparent paradox as to why young bilinguals could leam two different lexical 

forms for the same item in first place--especiaUy given the literature's proposai of 

"constraints" to block this occumng monolinguals--the researchers considered 

several possible explanations, one which we find especiaHy ingenious: Specifically, they 

invoked Eve Clark's (1988) I!principle of contrast,'1 which states that monolingual 

children will reject the acquisition of synonyms due to their bias towards acquiring a 

single label for each item in the world: The researchers reasoned that this plinciple must 
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apply within one of a young bilinguars two languages thereby blocking within language 

synonyms, but not across their two languages, thereby permitting cross-language 

synonyms or semanticaUy related TEs. 

Most recently, TEs have even been discovered to exist "cross-modally,l1 mat is, 

young bilinguals acquiring both a spoken and a signed language from birth. Based on age 

and vocabulary achievement, Petitto and her srudents (2001) matched a bilingual child 

acquiring French LSQ and a bilingual child acquiring French and English with two of 

Pearson and coHeagues' (1995) subjects acquiring Spanish and English. They observed 

that their subjects produced TEs, and at a comparably high rate as those observed in 

Pearson1s study. Specifically, Petitto's French-English child's TEs constituted 50% and 

36% of the child's total vocabulary ai: ages 1 ;02 and 1 ;05, respecti ve1y; but compare this 

to the child observed by Pearson and her colleagues whose TEs also constituted 50% and 

36% of its total vocabulary at the srune ages. Similarly, Petitto's LSQ-French child had 

TEs that constituted 40% and 51 % of their total early vocabularies at the same ages, with 

another of Pearson's subjects producing 41 % and 36% at the se two ages. together, 

these recent cross-linguistic and cross-modal studies of semantically related TEs provide 

insight into what young bilinguals know about the meanings of words across two 

languages and, together with the other methods offered here, suggest that bilinguals know 

they are acquiring two languages from the start. 
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Conceptual underpinnings of early lexical meanings. No studies to date have 

specificaHy examined the sernaritlc and conceptual underpinnings a bilingual 

hvo lexicons (beyond the TE analyses above) and, thus, we must turn to these particular 

studies of monolinguals to insight into how we might study the semantic and 

conceptual knowledge that undedies early bilingual acquisition. 

In an earlier study, Carey (1982) suggested that the semantic content of the 

Hnguistic context directs the child's attention. Carey's proposaI impl1es that by capturing 

the context surrounding babies' productive vocabulary, and by examining babies' patterns 

of word use, researchers may infer children's early word meanings (see also Mandier, 

1981). Though developed independently, Huttenlocher and Smiley (1987) and Petitto 

(1988) applied this basic reasoning and developed a common methodology for studying 

the semantic and conceptual underpinnings of monolingual babies' first words. Using a 

similar videotape transcription and coding procedure, the researchers inferred the 

meamng of deaf (Petitto, 1988) and hearing (Hutteruocher & Smiley, 1987; Petitto, 1988) 

babies f first words (signs) by examimng each lexical item and the range of referents over 

which it was applied, as weIl as reverse (examining aU referents and each lexical item 

used with them). Together, these studies provided a method for obtaining insights into the 

conceptual knowledge underlying babiesl very first words by examining both IIcorredl 

and "incorrect" pairings of lexical fOrills and their referents (be they "referents" that are 

extensional or intensional; the word "context" here refers to every contextual event and/oI 
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situation surrounding the babiest production of each sigu andior each word). In the 

earliest stages of language acquisition babies may overextend the meanings of words 

across multiple referents and thus "mislabel" common objects. For example, 

acquired the label children may refer to all four-legged animals (including cows, 

horses, cats, and the like) as dogs. Childrents tendene)' to overextend words in thls way, 

has elicited controversial views the uu",~aL'!.n (see 8100m, 2000 an excellent 

review). Earlier studies, for example, indicated that children rarely overextend their 

earliest words; Hildegard, a child observed by Leopold (1939-1949), for example, 

overextended oilly approximately 20 words out of a total number of over 300 words, 

whlle Rescorla's (1980) research indicated that one thlrd of chlldren's early vocabulary 

may be overextended (see also Clark, 1973; Volterra & Taeschner, 1978). 

In a more recent study, Petitto (1992) applied previously estabHshed methods 

(Huttenlocher & Smiley, 1987; Petitto, 1988) to investigate whether overextensions 

reflected constrrunts on an emerging conceptual organization. Researchers' earlier 

assertions suggested that word meanings are constrained along kind boundaries (e.g., 

killds of objects, events, locations, possessions, and so fm'Hl), and tend not to violate 

these boundaries (e.g., Clark, 1973; Huttenlocher & Smiley, 1987; Keil, 1989; Leopold, 

1939-1949; Rescorla, 1980; Volterra & Taeschner, 1978). Petitto examined monolingual 

babies acquiring either a signed or a spoken language and found virtuaUy no violations of 

kind boundaries; only 3/577 tokens constituted possible violations (e.g., the lexical fOrIn 
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"open" was used only to refer to the action or event involved in opening objects, and was 

not used to name the object being opened). Thus, Petitto's study suggests th3t the se 

constraints hold across both the signed spoken modalities monolinguals, but 

whether is aiso true babies simultaneously acquiring a signed and a spoken 

language remains unknown. 

Categorization o/basic word meanings and concepts. Babiesl words are 

thought to be govemed by their persona! interests, such as their favorite toys, friends, and 

foods (Dromi, 1987; MacWhlnney, 1998; Mervis, 1984; Nelson, 1973; Ninio & Snow, 

1988; Slobin, 1985). In her dassic study, Nelson (1973) proposed a procedure for 

categorizing these first words as a means of better understanding babies l underlying 

conceptual organization. The hierarchica! procedure involved organizing monolingual 

babiesf first 50 words into various conceptual domains, as Nelson beHeved t.1}at babies 

differentiated these conceptual categories from the onset of language production. 

Irrespective of the limitations inherent in subjectively organizing babies' first words into 

"semantic trees," Nelson's procedure proves useful comparillg categories ofword 

meanings across infants. Furthermore, Nelson'g categorizations of her subjects' 

productions do reflect similar findings by at least one bilingual researcher, with the 

classic studies of Leopold (1939-1949) providing the one case in point. Though Leopold 

developed system approximately 40 years prior to Nelson's, he created a hierarchical 

procedure similar to hers in tris semantic classification of Hildegard's English and 
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German vocabulanes. Despite different language(s) being acquired (induding, the 

vastly different lime periods, language contexts, and rearing conditions), both Nelson's 

monolingual subjects and Leopold's bilingual subject demonstrated remarkable 

similarities in the types of early vocabulary items produced (the things they talked 

about across aH languages) and, most importantly, in the semantic groupings cohered 

them. Thus, lone study of a child rrused in the 19408 by Leopold suggests a 

pattern of concepv.lal organization common to both monolingual and bilingual babies that 

transœnds an impressive array of linguistic and eontextual differences between the two 

groups. Crueially, it eompels us to study this issue more dosely, as (to the best of our 

knowledge) no one considered this issue sinee Leopold. 

Use ofmultiple data sources. Pearson (1998) rightly noted that then:: are currently 

no standardized methods for measuring bilingual babies' early linguistic achievements. 

Earlier case studies, for example, have examined the development of two languages over 

time using dianes as the primary source of data (e.g., Leopold, 1939-1949; Ronjat, 1913; 

Taeschner, 1983; Volterra & Taeschner, 1978). The problems of generalizability and 

reliability associated with relying exdusively onjoumal or diary entries, however (see 

Deuchar & Quay, 2000; Dromi, 1987, for further discussion) have more recently 

prompted researchers to use either (i) videotapes (e.g., Gellesee, Boivin, & Nicoladis, 

1996), or (ii) parental checklists/reports (e.g., Pearson et al., 1993; 1995), or (iii) a 

combination of sources (e.g., Deuchar & Quay, 1999,2000; Petitto et al., 2001; Quay, 
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1995; Vihman, 1985) to overcome these limitations in their investigations of one or more 

bilingual childrenls productions. Pearson (1998) also stated that using multiple sources to 

obtain data from bilingual babies' early productions is a definite improvement over 

measures employed the past because they provide a more representative measure of 

bilingual babies' achievements, while cautioning that they may not always give the 

bilingual infant credit in terms of linguistic knowledge. Sensitive to such caveats, in 

Petitto and studentsl study (2001), as wen as in the present study, three sources of data 

collection were used--in addition to a fourth crucial check on the three--to ensure that the 

data were representative of the bilingual child's linguistic achievements at any given 

time: extensive videotape recordings made at every experimental session (primary source 

data of the actual chHdren), use of the MacArthur cnrs (parental checklists/secondary 

source data), and detailed videotaped interviews conducted with parents and family at 

every experimental session (parental reportsisecondary source data). addition, detailed 

experimenter notes were made OOth during and immediately after a session and used as 

an important extemal validity measure the three data sources above (e.g., to check that 

at least one of the above three data sources contained a vocabulary item that have 

been observed off-camera; as a basis to whether the chlld was on CUSp of an 

important language milestone and consequendy to ensure proper scheduling of the next 

visil; as a means to assess critical developmental, cognitive, and social developmental 

milestones). \Vhat our use of combined methods has taught us is that such methods cau 
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and do provide the riche st and most comprehensive profile possible of the young 

bilingual, and are best situated as the foundation upon which bilingual research must rest 

Comparisons of bilinguals and estabUsh.ed mono lingual norms. The aoove 

concerns raised by Pearson (1998) regarding assessment of bilingual babies' linguistic 

development are commensurate with earlier caution raised the bilingual field at large. 

Grosjean (1989), for example. in his important research with bilingual adults, made the 

\JveH-known asseltion that the bilingual is not two monolinguals in one pel'son. While 

acknowledging that there are differences and variations in early linguistic 

development ofbilingual babies relative to monolinguals, Nicoladis and Genesee (1997) 

have nonetheless provided evidence for similarities between the two groups. In terms of 

linguistic milestones, for example, Nicoladis and Genesee found that no differences exist 

between the developing monolingual child and the developing bilingual child, providing 

that both of the bilingual child's two languages are taken into account. Although this issue 

is far from settled, several recellt studies of bilingual babies acquiring a myriad of 

languages (induding signed languages), and induding those directly comparing bilingual 

and monolingual groups, have generally corroborated thi3 new perspective: if we take the 

young bilingualis two languages into consideration, we will find that, combined, their 

linguistic milestones are comparable to the weH-established monolingual nornlS (e.g., 

Nicoladis & Genesee, 1997; Pearson et. al., 1995; Petitto et al., 2001; Quay, 1995), with 

the classic monolingual milestones being the achievement of 
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between ages 0;09 and 1;02 (e.g., Capute et al., 1986; Vihman & McO.me, 1994), the 

first two-word combinations hetween ages 1;05 and 2;02 (e.g., Brown, 1973; Bloom, 

1975; Petitto, 1987), and the first 50 words (types) at approximately 1;07 (e.g., Charron 

& Petitto, 1991; Nelson, 1973; Petitto, 1987). Therefore, direct comparisons of a young 

bilinguars productions with monolingual norms should continue to he fruitful as long as 

each of the bilingual chUd1s two languages are evaluated and as long as the foeus rests 

squarely on disceming both the similarities and the differences between the two groups. 

Objectives 

The overarching goal of the present research is to contribute new information 

regarding the semantic and conceptual knowledge underlying bilingual hables' first 

words. SpecificaHy, we ask how bilingual babies acquire early word meanings in each of 

their two languages, and how word meanings are concepmaUy constrained and 

semanticaHy organized for each language. It is also our objective to uncover a set of key 

research methods that together win best help us gain fuis knowledge. To achieve these 

goals, we examine bilingual babies, first-hand, prior to the onset of their first words until 

approximately age t\vo across multiple language contexts, including which we 

varied novel and familiar language users. We examine both bilingual babies acquiring 

two spoken languages (English and French) simultaneously and bilingual babies exposed 

to a spoken and a signed language (LSQ and French). The latter signing-speakiug group 

was smdied to gain insight into the semautic knowledge undedying bHinguallauguage 
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acquisition. For the sake clarity, we first outline our hypotheses and predictions 

relative to the order that the analyses are presented in the Results section of this paper, 

foHowed by a brief discussion of the special questions that study of young signing-

speaking bilinguals perr.nit us to address. 

Bilinguallanguage milestones. First we evaIuate whether the overaH 

developmentaI language milestones are the same across the signing-speaking bilinguaIs 

as compared to our bilinguals acquiring two spoken languages (and as compared to the 

literature). In addition to answering when (what age) young bilinguals attain the classic 

language milestones, tbis analysis also establishes crucial information about what the 

basic set of word meanings is for each child across each of their two languages over time. 

Following from Petitto and her students' (2001) study of a smaIler sample of babies 

acquiring two spoken languages and babies acquiring sign and speech, as weil as from 

the important studies of Nicoladis and Genesse (1997), Pearson and coHeagues (1995), 

and others, we predict the foHowing: AU of our bilinguals' achievement of the classic 

language milestones in each of their two input languages should be comparable, and, 

overaH, the ages at which aU infants achieve each language milestone he 

comparable to those of monolinguals. If confinned, the results would provide cross-

linguistic and cross-modal empirical validity to the field's growing perspective that, 

developmentaHy, the bilingual child's two languages, together, are comparable to 

monolinguallanguage development Ce.g., Nicoladis & Genesee, 1997; Pearson et al., 
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1995; Petitto et al. 2001), as wen as providing the essential data over which subsequent 

semal1tic analyses can proceed. 

Cross-language synonyms. estabHshed the basic vocabularies their 

meanings for each child across each of their two input languages over time, we can 

analyze the data for the presence or absence of cross-language synonyms or One 

goal was to evaluate important observation from previous findings that TEs are 

indeed a robust phenomenon constituting approximately one-third of a child's total 

combined lexicons. Here, however, we conduet our analyses using both (i) the multiple 

data sources described abcve, induding the use of primary data from our bilingual babies 

because Pearson and coUeagues' (1995) observations were drawn exdusive1y from 

secondary sources involving parental checklists, and (ii) a larger sanlple of babies 

because Petitto and students (2001) examined TEs in two babies. Another goal is that we 

sought to gain key insights into the semantic underpinnings of meir early lexicons. If TEs 

are found in our babies' vocabularies, then it would suggest mat mey are not semanticaHy 

confused provide further support for the view mat bilingual babies cau differentiate 

two la.'1guage systems as early as the word stage. If, on the other the 

are semanticaUy cOfl.fused, then mis might be evidence by a marked absence of 

TEs. 

Conceptual underpinning of early lexical meanings. To understand the underlying 

conceptual llglue li that binds early lexical items and their meanings, we compare and 
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contrast the relationship between alllexical items in each language and the range of 

referents over which they apply (and vice versa), paying special attention to the nature 

and extent of Moverextensions" and/or other semantic "errors" of AU .. ' ......... U,., The import of 

analysis rests both in first-time application te the duallexicons of bilinguals in 

the insights that foHow from it: specifically, this analysis provides a fascinating window 

the core conceptual principles that guide early word learning. lt especially permits us 

to test two prevailing hypotheses about the underlying principles that bind words and 

their meanings in early monolinguallanguage acquisition: early lexical meanings are 

constrained along ilkind boundaries" (e.g., kinds of objects, kinds of events, kinds of 

locations; or, taxonomically) and/or according to associative lists of meanings (e.g., the 

word ncookie" means: the object cookie, the container that they are kept in/jar, the 

location where they are stored/top of refrigerator; or, thematically). Should we find that 

each of a bilingual child's lexicon is constrained, and constrained similarly, we will gain 

insights into the underlying conceptual principles that bind the child's lexical knowledge. 

AdditionaHy, it will suggest testable new hypotheses about possible universal conceptual 

principles that bind early word learning across alilanguage acquisition. 

Categorization of basic word meanings and concepts. Working hand in hand with 

the above analysis, we ask how ''\lord meanings (a.'1d corresponding semantic concepts) 

may be categorized in each of a young bilingual's two lexicons. Specifically, we asked 

whether bilingual children "talkll about the same types of things as monolinguals, and 
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they do so in each of their t'Wo languages. Dromi (1987), MacWhinney (1998), Mervis 

(1984), and Slobin (1985) have hypothesized that children acquire names for things 

that are of personal interest. Using a procedure similar tü that developed by Nelson 

(1973) monolingual babies, our goals here are twofold: First, our goal is to establish 

whether the duallexicons young bilinguals exhibit fundamentaHy similar categorical 

organization as would be revealed through similar Nelson-type semantic trees. Our 

second goal is to investigate whether bilingual babies fiTst acquin~ meanings for things 

that are related to and, if so, to examine whether they do so in each of their two 

languages. While this possibility has been suggested for babies acquiring a single 

language from birth, to date no studies have exarnined this question in bilingual babies. 

As above, should we find important similarities in the categorization of word meanings 

across bilinguals (involving each of their lexicons) and monolinguals, we will have 

gained insight into possible universals regarding the types of things that children will talk 

about--those that may underlie all early language acquisition. 

Special insights from studying young signing-f>peaking bilinguals 

Analyses of signed languages have revealed that, like spoken language, they are 

lateralized in the left hemisphere (e.g., BeHugi, Poizner, & Klirna, 1989) and utilize 

identical brain tissue as hearing speakers when processing identicallinguistic functions 

(e.g., phonetic-syllabic units in sign are processed in the identical secondary auditory 

tissue as hearing people; Petitto et aL, 2000). Signed languages a180 exhibit the same 
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levels of language organization (e.g., phonemic, morphological, syntactic, discourse) and 

are acquired in silnilar ways as spoken language (e.g., Newport & Meier, 1985; Petitto, 

1987, 1992; Petitto & Marenrette, 1991). Further, recent developments in ~AA"M!i>~~A 

research have suggested that bilingual babies acquiring both a signed and a SD(JKi:m 

language do so along the same maturational time course as monolingual babies (e.g., 

Petitto et aL, 2001). We may thus conclude that a child exposed to a spoken signed 

language from birth is indeed in a bilingual situation similar to a child exposed to two 

languages from birth. 

the same time, u:nlike the baby acquiring two spoken languages, there exists a 

key dramatic difference: the sigrung-speaking baby's two languages are produced and 

perceived in entirely different modalities (manual-visual versus oral-aural, respectively). 

ft is this very difference that can be employed to shed new light on the semantic and 

conceptual underpinrungs of babies' early productions. For example, because sorne 

individual signs in signed languages are lIiconic" (pictorial, representational; e.g., a 

cupped hand shape raised to the Hps is the formal sign for TASSE or cup in LSQ), and 

because some other signs are outright "indexical" Ce.g., pointing to self is the formai sigu 

for MOI or me in LSQ, and pointing to other is the sign for TOI or you) it could he that 

this type of bilingual cbildls sign lexicon may constitute a fundamentally different dass 

of lexical items than his or her speech. While it has already been weH established by 

Petitto (e.g., 1987) and others, that sign iconicity does not play a major l'ole in 
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monolingual deaf children's acquisition of signs. the key question here is whether we will 

discover sign and speech lexieons conveying vastly different semantic meanings in these 

young signing-speaking bilinguals. If there are true universals in underlying semantic and 

conceptual knowledge, then they should reveal themselves with common semantic 

relations expressed across sign and speech, thereby overriding modality differences. 

In summary, the srody bilingual signing-speaking babies enables us to test 

specifie hypotheses about bilingual acquisition. particular, we hope to shed new light 

on whether young bilinguals differentiate their two languages from the onset of language 

production and further make estabHshing bilingual norms attainable. Moreover, we asked 

what bilingual babies know about their two languages and precisely when the)' know it, 

induding whether their early word meanings are constrained, and how their carly 

concepts are organized. By comparing the bilingual babies acquiring a signed and a 

spoken language from bilth to biHngual babies acquiring two spoken languages, we 

attempt to answer these questions in order to enhance knowledge of the semantic and 

conceptual foundation upon which bilinguallanguage acquisition rests. 

Methods 

Participants 

Six hearing babies participated in this study. Three hearing babies were acquiring 

French and English, and the other three hearing babies were acquiring LSQ. The babies 
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acquiring the two spoken languages served both. as a control group with which to 

compare our experimental group (the babies acquiring a signed and a spoken language), 

as well as an experimental group which to compare to other studies of young 

bilinguals--with aH six babies also being compared to well-documented nomlS of 

monolinguallanguage development. the babies had regular consistent exposure to 

both of their input languages from birth, and each parent of each child identified himself 

or herself as using primarHy one language with child.i Nonetheless, 6 babies had 

a parent who stayed at home a parent who worked outside of the home during the 

day; a situation which predicts variation in the amount of lexical items across the babies l 

tVI/O languages (i.e., we would expect a baby to have more French words if she stayed at 

home with her French mother during the day; we elaborate more on this topic in the 

Discussion section of this paper). 

The babies were studied over a one year period: Videotaped sessions took place 

monthly before the production of their first words (first signs) in each of their input 

languages. Once the "first-word" linguistic mile stone was achieved, the babies were 

subsequently videotaped until approximately two years of age. Note that the 

babies were studied before the production of their first words and were followed beyond 

their first 50 words in each of their two languages. The babies were videotaped in a 

comfortable living room designed for babies and parents at McGill University. Table 1 

provides information about the babies. 
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Procedure 

experimental sessions with the babies and their famUies were videotaped by a 

research assistant. The research assistant filmed the babies through a window did not 

participate in the sessions. Our sessions were designed to provide interesting and multiple 

contexts (involving multiple language users), and a setting as as possible, during 

whlch we could observe a child's dual language productions, over time. In each session 

parents were instrncted to use the language that they "normaUy" use with the child, when 

addressing the child, each other, or the experimenters, which in all cases was the adult's 

native language. Two monolingual experimenters (each a native speaker of one ofthe 

babies' native languages) aIso played with the babies during the sessions (at different 

times) in order to ensure that an opportunity existed for the child to use each of her 

languages, and to do so with adults other than immediate family members. Past studies 

have shown that employing nove! monolingual experimenters (who do not understand the 

child's second language) is a highly effective way of eliciting productions in the 

experimenter's language, since babies tend to accommodate the interlocutor in order to 

make themselves understood (e.g., Genesee, Boivin, & Nicoladis, 19(6). 

a typical session, first, the chlld il1teracted freely with both parents 

experimenters. Parental reports of the babies' linguistic development were obtained at thls 

time the form of an on-line videotaped interview. Then the baby was left ruone tü play 

and converse with one parent, and men the other parent was left aioue to play and 
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converse with the baby. After this, the baby was left to converse and play with an 

experimenter who was a native speaker (signer) of one of the baby's languages, and, 

foUowing the baby played with a different experimenter who spoke (signed) the 

baby's other language. FinaHy, aH experimenters parents present played together 

baby; each of these situations lasted for approximately 10-15 minutes. 

approximately one hour of primary videotape data per baby was captured on videotape 

for each baby per session. The entire length the videotaped sessions of all six babies 

was then fully transcribed, and the babies' verbal and manual productions were attributed 

lexical status according to the "transcription and coding lf procedures outlined by Petitto et 

al. (2001). 

Detailed notes were taken by experimenters of their observations of the babies' 

linguistic abilities, noting comprehension and production in each language, both during 

and immediately following each videotaped session. Aner every session, parents were 

asked to complete MacArthur Communicative Development Inventories (CD!; Penson et 

al., 1991) for babies (designed for ages 0;08 to 1;û<-1), each the babies' two 

languages, noting both the words (or signs) that they produced and comprehended. The 

French parents were given a that was beth translated into and adapted for French 

(Trudeau, Frarx & Poulin-Dubois, 1997). PoHowing Petitto and her students (2001; see 

aiso Deuchar & Quay, 1999,2000; Quay, 1995; Vihman, 1985) the on-line interview 

with the parents, experimenters' reports, and CDI's were used to ensure that the 

142 



videotaped samples were representative of the babies' linguistic achievements and were 

commensurate with published standardized norms. Together. the CDI's and the 

productions captured on videotape were used to order of the acquisition of 

babies' first word through their firs! 50 words in both languages, and the ages of the 

babies at each of the 1-, 10-, 5O-word wÂlestones. 

To gain insight into babies' early word meanings in each of their respective input 

languages, we coded every word or sigu that the babies produced (as established by the 

criteria for attributing lexical status to infants' fonns by Petitto et al., 2001), and the 

apparent item (referent) that it was used in relation to (extensionaHy or intensionaUy), as 

well as the reverse--for every referent, the entire range of words (signs) used in relation to 

it using standard CHILDES transcription format (Mac\~lhinney, 1995). Thus, meaning 

was determined by examining the babies' use of a lexical item in relation to the range of 

referents over which it was applied (Petitto, 1992). Each lexical item-referent pairing was 

then coded as being either lIappropriate" or "inappropriate." These terms were not 

intended to "pre-judge" the meaning(s) of the babies' productions, but rather to provide a 

manner by which the "inappropriate" terms may be identified quicldy as distinct from the 

hundreds of other forms produced by the babies, For example, if an infant produced the 

ward (sign) "ball," and it was used in relation to a baH, it was coded as "appropriate." 

Whereas, if the word (sign) lIball" was used in relation to a cup, for example, it was coded 

143 



as "inappropriate." Once each lexical item-referent pair was coded in tbis manner, aU of 

the "inappropriate" instances were individuaHy scrutinized. 

To shed light on how bilingual babies' firat word meanings are organized, 

babies' first 10,30 and 50 words were categorized according to the semantic structure 

classification system used by Nelson (1973; see Figure 1). procedure used here to 

classify the bilingual. babies' early productions, however, differed from Nelson's 

procedure in two ways. 

First, because Nelson (1973) herself acknowledged that her fourth level of 

semantic classification varied as a function of individual differences among children, we 

subdivided each of our bilingual babies' t'wo lexicons into Nelson's first three levels only. 

Briefly, and as is iHustrated in Figure l, Nelson's semantic categorization system divided 

the first level Objects and Nonobjects. The second level further divided Objects into 

Animate and lnanimate abjects, and the category of Nonobjects was further subdivided 

into Person-related and Object-related categories. The tbird levei of classification then 

split objects into People and AnimaIs, and inanimate objects into Personal and 

lmpersonal. The Person-related. Nonobjects category was split into Action and 

Expressive, and the Object-related words into Action and Propaties. According to 

Nelson, these first three levels of classification are common to aU children. "Vith regard 

to Nelson's fourth level of classification (not used here), this level varied across children 

and was dependent upon the child's lexicon and observed use. For exanlple, aU but one of 
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Nelson':; subjeets, Lisa, had a category of "body parts", whieh was classified under 

Personal, Inanimate, Objects (see Nelson, 1973, for further examples of fourth level 

subdivisions). We did not apply fourth level of classification to our babies' early 

words because we were interested gaining insight how aU children categorize 

early concepts (and not into individnal differences the fourth level of classification 

provides), Thus, we coHapsed the fourth level of the semantic trees to gain a better 

understanding of whether ail of the bilingual first 50 words reflected their 

personal interests. 

Second, here we conduet first-time analyses of bilingual babies l first words 

both languages until the 10-,30- and 5O-word lllilestones were achieved, yet Nelson 

(1973) stndied only monolinguals. 

Lexical items were arranged according ta the semantic structure specified by 

Nelson (1973) for each baby (according to the template seen in Figure 1) al: three 

different times: Time l (Tl) = first 10 words, Time 2 (T2) = first 30 words, and Time 3 

(T3) = first 50 wards. FoHowing the literature, we included the babies' words from each 

language at each tirne (Pearson et al., 1993; Nicoladis & Genesse, 1997); for example, a 

baby might have three French words and seven English words at the lü-word milestone. 

Although we held Tl, T2, and T3 constant across each child, these times often occurred 

at different ages for different babies. Ed, for exarnple, reached the lü-word milestone 
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(Tl) at 14 monfus, while Oh was only 12 months at TL As a result, the intervals between 

Tl, T2, and T3 also vary by infant. 

Reliability 

The videotapes of aU experimental sessions were fully transcribed twice; each 

time by a native user each respective language heard or seen on the videotape; for 

example, an LSQ deaf signer transcribed each tape for the child's signed utterances and 

then a French speaker transcribed the tapes for the French utterances. Two additional 

transcribers (one for each language) performed reliability checks on lexical attributions, 

with respect to both the lexical gloss (type) and its tokens in addition to other coding 

judgements. Agreement amongst coders was initiaHy 83% (regarding both agreement that 

a linguistic event had occurred and agreement conceming what occurred within the 

linguistic event or its' Hnguistic content and classification of its' content, including lexical 

attributions). Through discussion, aU disagreement regarding both coding and lexical 

attributions was resolved and yielded 100% agreement. 

Results 

Analysis 1: Early Linguistic Development: The Classic 1\4ilestones & Lexical Grawth 

The age of attainment of the bilingual babies' first words were detemlined at (a) 

the first-word mile stone each language, (b) the first 5O-word mile stone each of the 

babies'languages, and (c) the age at which 50 words '~lere attained using words from both 
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languages (e.g., the rime at which the infant has, for example, 20 English words and 30 

French words). This analysis WolS pertormed to compare the babies'linguistic 

development across groups to the well-estabHshed monolingual norr.ns. The 

are presented in Table 2; aH six bilingual babies achieved the classic milestones in each 

of their native languages at approximately the same time. The babies acquiring French 

and English artained their first word between 0; Il and 1 ;02 years in each of their 

languages. Ed, an English-French infant, produced his first words in both languages Olt the 

same time; Jane produced a word in Ellglish first, foHowed approximately two months 

later with her first French word; Sue produced her first word in French and then her first 

English word approximately one month later. The English-French babies produced their 

first 50 words between the ages of 1;04 and 2;02 in Olt least one of their languages. While 

oruy Sue produced 50 different words in each language, aH babies acquiring the two 

spoken languages produced 50 different words using both languages behveen the ages of 

1;04 artd 1; 11. 

LSQ-French produced of their first words bom languages at 

8ame rime all at Il month8 of age. 3 babies had 50 words French between 1;08 

1;11. Only Oli had 50 words both French and LSQ at 2;01, but al13 babies had 50 

words using both languages between 1;07 and 1;08. 

The average age of attainment of the English-French and of the LSQ-French 

babies' first word and first 50 words (in both languages combined) are given in Table 3, 

147 



and are compared to monolingual nmms. While the LSQ-French babies attained 

linguistic milestones on average slightly earlier than the English-French babies, aU of the 

bilingual ages at the time of their early productions were commensurate with 

monolingual norms. 

The number of types of words or signs produced by each young bilingual over 

time was also examined relative to monolinguals (see Figure 2). The IIneutral" forms 

appearing in Figure 2 are lexical forms that could not be judged as being either French or 

English because of their immature phonology (e.g., a baby's production "ba" could refer 

to either the French adult form llbaHe" or the English foml IIbalr'). A few proper names 

used in both languages were aIso included in the class of neutrals (e.g. Mickey, Big Bird) 

for the English-French babies, whereas modality differences the LSQ-French babies 

made it clear which language was being used from their very first attempts at language 

production (signed versus spoken).2 

The general trend for aU of the babies was an increase in vocabulary types in each 

of their two languages over time. Only one LSQ-French subject, Val, did not foHow 

trend; she produced fewer words in her last session as compared to previous ones. Upon 

doser examination, however, decline in vocabulary types in each of two 

la'1guages is proportional; she did not suddenly cease producing words in one language 

while productions in her other language flourished. For aH of the babies studied here, the 

rate and gmwth of vocabulary types one la'1guage is more rapid than in 
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development of the two languages paraUe1 each other (i.e., productions OOth 

languages either increased, or in the case of Val, decreased proportionate1y over time). 

Taken together, the se results indicated that aH of the bilingual babies attained the classic 

linguistic milestones, and demonstrated lexical growth in each of their two languages 

along the same matùrational time course as monolingual babies Ce.g., Capute et al., 1986; 

Vihmau & !VIcCune, 1994). 

Analysis Il: The Nature of Early Word .Meanings: Do Young Bilinguals Produce 

Translation Equivalents? 

FoUowing Pearson hef colleagues (1995) and Petitto and her students (2001), 

the percentages of TEs present in the six babies1 first 50 words were derived by counting 

the total number of TEs present the babies' vocabularies and dividing it by 50. The 

results yielded similar percentages of TEs across the English-French babies, 25%, 28%, 

and 28%, and across the LSQ-French babies, 20%, 26%, and 42%. The average 

percentage of TEs present in the babies' total 5O-word lexicons were thus remarkably 

similar at 27% and 29% for the English-French and LSQ-French groups respectively. 

These averages were aiso similar to those reported for the bilingual babies in the Pearson 

and Petitto smdies, and suggests that bilingual babies do possess two words (one from 

each language) that can refer to the identical referent that are used appropriately without 

apparent semantic or conceptual confusion and lends support to the hypothesis that they 

l'know Il that they are acquiring two languages. 
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irnalysis lll: Tne Nature of Early Meanings: Are Bilingual Babies' Earl)' Word 

iWeanings Constrained? 

AH forros produced by the babies that were deemed lexical the criteria for 

lexical attributions established by and her students (2001), were further coded as 

to the range of referents in relation to which lexical was used (and vice versa). 

Bach lexical item and referent pairing was then coded as being either appropriate or 

inappropriate. analysis provided insight into whether the re1ationship between a 

child's lexical and its apparent referent (be it intenslonal or extensional) was 

principled, and whether it was hound along llkind houndaries, Il both within one of bis or 

her native languages and across his or her two native languages, over time. "Kind 

boundaries" induded, for example, kinds of ohjects, events, locations, and possessions 

(e.g., Clark, 1973; Huttenlocher & Smiley, 1987; Keil, 1989; Leopold, 1939-1949; 

Petitto, 1992; Rescorla, 1980; Volterra & Taeschner, 1978). For example, if the word cup 

was used for an object that can contain liquid, that we can lift to our lips, and from which 

we can drink, it was coded as "appropriate." If the word cup was used in relation to a 

plate, it was coded as "inappropriate;" the se terms were not intended to pre-judge the 

child but were used only as a heuristic in our computer database tl1at enabled us to 

analyze many utterances and to quickly find such non-standard (or "inappropriate") 

pairings for subsequent scrutiny. Referent-linguistic form pairings that were not used 

along particular boundaries were counted as llviolations" of kind boundaries (agaiu, used 
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here as a heuristic to be able to find them, should they exist, in large corpora for 

subsequent scrutiny). 

Th.e findings regarding analysis are presented in Table 4. Over the course of 

our examination of the babies, oruy 3.5% (25917381) inappropriate tokens were observed 

or an average of 43 tokem, per (eacl1 individual infant produced between 15 and 70 

inappropriate tokens). Of the 148 inappropriate tokens produced by French-English 

bilinguals, CIlly six did not respect kind boundaries. Similarly, of the 111 inappropriate 

tokens produced by LSQ-French bilinguals, only nine did not respect boundaries. 

Each of the inappropriate productions was examined individuaHy and the list of examples 

are provided in Table 5.3 The most common type of inappropriate productions was 

overextended forms. Ed, for example, routinely overextended names of animaIs (i.e., he 

refened to a horse as cow, and to a rabbit as duck). Jane, on the other hand, often 

overextended names of fruits (i.e., she refened to heth apples and cucumbers as 

banaf'.as). The patterns of overextensions were similar for the LSQ-French babies as 

weIl; Amy overextended names of fruit (i.e., she used the French form pomme (apple) to 

refer to an orange), and Vallabeled a horse by producing the French form chien (dog). 

patterns of overextensions were observed across aH babies, occurred in bath of the 

babies' two languages, and accounted for 94% (244/259) of the inappropriate tokens 

produced by aH babies. The inappropriate forms produced by the babies that did violate 

kind boundaries were exceedingly rare (approximately 6% of aU inappropriate fOrIns) and 
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did not exhibit any pattern or regularity (e.g., Amy referred to a banana as bébé (baby), 

and OH referred to an app1e as nez (nose). Moreover, these kind violations were relatively 

everny distributed through the babies' sessions: The English-French n""",,,,,,"' six kind 

violations occurred at ages 14 (one violation), 16 (four violations), and 19 (one violation) 

months, and the LSQ-French babies l nine kind violations occurred at ages 12 (three 

violations), 14 (two violations), and 19 (four violations) months, respective1y. Taken 

together, the results of this analysis suggest that babies do overextend their early forms, 

but these extensions are constrained witbin kind boundaries, and these constraints hoM 

across both languages and modalities in the young bilingual over lime. 

Analysis IV: The Nature of Early Word AtJeanings: How Are Bilingual Babies l Early 

Word l\1eanings Organized? 

Following Nelson (1973), three levels of semantic structure were arranged 

hierarchically to provide insight into how babies' early concepts are orgaruzed. 

Specifically, we were interested in derermining whether babies' first words reflect things 

that are of interest to them. In Nelson's study, a semantic tree ,'vas constructed foHowing a 

template (Figure 1), with babies' first 10 words (Time 1 == Tl), first 30 ,~rords (Time 2 

== T2), and first 50 words (Time 3 == T3). Simiiady, we constructed a semantic tree for 

one English-French child, Bd (Figure 3), unlike Nelson!s monoHngual subjects, &l's 

semantic tree induded words from both of bis two languages induding "neutral" forms 

(i.e., forms that could not judged as being eimer English or French, including proper 
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names). The first 10,30 and 50 words were induded here irrespective of grammatical 

category (i.e., we did not restrict our analyses in any way; nouns, verbs, adjectives, etc., 

were reported if they were fact babies' words). The data from tree have 

been reproduœd in the Appendix together with the data 

French babies, Jane and Sue, LSQ-Freneh babies' data, Amy, Val, and Oli, and 

with three of Nelson's (1973) monolingual subjects, Ellen, Lisa and Robert. The table in 

the Appendix preserves the semantie structure specified by Nelson, and 1S thus 

comparable te the semantic trees used by Nelson in her earlier study. 

The semantic structure bolli within and across English-French, LSQ-French, 

and monolingual groups were compared at Tl, T2, and T3 by comparing the percentage 

of words produced in eaeh eategory. The pereentage of words in eaeh category of the 

table (see Appendix) was calculated by taking the number of words in the category and 

dividing it by the total number of words at that time. So, for example, if a child had 2 

words eategorized under "animate objects 'l at Tl (i.e., 10 words total) then animate 

objects would constitute 20% (2i10) of the babies' total vocabulary at the 10-word stage. 

Percentages were taken as opposed to raw numbers because Nelson's subjeets did not 

always have same number of words at the various (e.g., Lisa only had 9 words 

at the lO-word stage). 

The first two levels of Nelson's (1973) semantic structure were compared within 

and across babies at aU three times. The results of the analysis at Tl indicated that aH 
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Huee groups of babies produced a large percentage of animate words as their first words, 

ranging from a total of 20-63% (see Table 6). Orny one infant, Sue did not produce any 

inanimate object words, whereas aH other babies produced a moderate percentage 

(ranging from 10-22%). AH of the babies produced a large percentage of person-related 

'''lords, ranging from 25-70%. Only two babies, the English-French speaking infant, Sue, 

and Nelson's monolingual subject, Lisa, produced object-related words at the 10-word 

stage. 

At the 30-word stage (T2), the percentage of animate object words decreased 

from Tl for aU but one LSQ-French subject, Amy (Range: 19-35%; see Table 6). The 

percentage of inanimate object words increased slightly or remained the same for aU of 

the babies (Range: 10-38%). The percentage of person-related words produced differed 

by infant at T2. Four babies (one English-French infant, one LSQ-French infant, and two 

monolingual babies) increased their production of person-related werds at T2. In contrast, 

1 English-French, 2 LSQ-French, and 1 monolingual infantes) decreased their production 

of person-related words, and one infant, Ed, had no change in the percentage of person-

related words at T2. The percentage of object-related words increased across aH subjects 

but one, Lisa, at the 30-word stage. 

At T3 (the 5O-word stage), the percentage of animate object words the babies 

produced remained relative1y stable from T2 (Range: 16-36%; see Table 6). The 

percentage of inanimate object words increased for all but one subject, Robert, while the 
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percentage of person-related words decreased for aIl but one infant, Val. Finally, the 

percentage of object-related words remained relatively stable for all of the subjects at T3. 

summary, of the babies' productions at the first two levels Nelson's 

semantic structure could be categorized a similar manner with few exceptions, and 

foUowed similar trends across time. In general, the percentages of animate words 

decreased between and T2 as more words in different categories were being acquired. 

At T3, however, the number of animate words produced by the babies remained 

relatively stable from T2, and accounted for approximately one-quarter of all words that 

the babies produced--compare the average percentage of animate words produced ove! 

time: Tl ;;;:; 44%, T2 = 27%, T3 = 25%. In contrast, the average number of inanimate 

object words produced by all babies increased steadily: Tl = 15%, T2 = 23%, TI = 32%. 

The average percentage of person-related words decreased slightly across time: Tl=38%, 

T2 = 36%, and T3 = 30%, and the average percentage of object-related words fluctuated 

slightly over time: Tl = 3%, T2 ;;;:; 14%, T3 = 12%. 

To gain further insight into the nature of babies' ficst word meanings, we then 

analyzed the babies' productions at the more specifie, level of classification. To test 

our hypothesis that babies' early words reflect their personal interests, the dassifications 

of words within the "Object" and "Non-object!! categories of the semantic structure were 

divided into two categories: "person-related" and llnon person-related. lI The IIperson-

related" category encompassed aIl words which were dassified as inanimate, personal 
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(object) words (e.g., doU, milk), and as person-related (non-object) words (e.g., yes, 

hello). linon person-related" category included inanimate, impersonal (object) words 

(e.g., car, telephone), and object-related (non-object) \'Iiords (e.g., cold, good). 

The findings from fuis analysis revealed that of babies produced more 

person-related than non person-related words at aH three times (see Table 7). At Tl, an 

average of 52% of aH of the babies' productions were person-related, as compared to a 

mere 5% average of non-person-related words. At T2, the average percemage of nOl1-

person-related words increased to 21 %, but the average percentage of person-related 

words remained virtually the same at 51 %. At T3, average percentage of person-

related words increased slightly to 55%, while the average percentage of non person-

related words decreased slightly to 20%. 

Discussion 

The semantic and conceptual knowledge underlying bilingual babies' very first 

words has OOen largel)' unknown. Here we asked how do bilingual babies acquire earl)' 

word meanings in each of two languages over time, how are early word meanings 

conceptuaHy constrained and semanticaHy organized for each language over rime, we 

further explored research methods that might OOst help us gain tbis knowledge. To answer 

these questions, we studied a fascinating group of bilinguals--young babies acquiring 

French and LSQ--and we compared them to bilingual babies acquiring French and 
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English; we further compared aU of the bilingual babies to estabHshed monolingual 

nonns. signing-speaking babies' lexical productions two vastly different 

modalities enabled us to offer new insights into the knowledge underlying early 

bilingualism a mannel' not possible through study of two spoken languages aione. 

Thus, our goal studying early semantic and conceptual underpinnings of bilingual 

babies was to shed new light on this hitherto mysterious aspect simultaneous 

acquisition and understand the processes that underlie early human language 

acquisition. 

The general conclusion to emerge from our first analysis (Analysis 1) regarding 

the age at which young bilinguals achieve the classic early language milestones in each of 

their two languages was that they exhibited nonnallanguage milestones. Overall. each of 

the!r two languages was acquired on a similar timetable to the other, and this timetable 

was similar to young monolinguals. To be sure, none of our young bilinguals 

demonstrated any protracted or atypicallinguistic development relative to monoHngual 

babies. 

Regarding specificaUy the first-word milestone, the English-French babies as weU 

as the LSQ-French babies acquired their first word in each oftheir two native languages, 

regardless of whether their lexicons were evaluated separately or combined, between the 

ages of Il and 14 months, which faUs within the precise maturational age range observed 

in monolinguals, or 9 to 14 months (Capute et al., 1986; Virilllan & McCune, 1994). For 
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example, while a given infant might achieve her first word milestone in one language at 

age Il months and first word milestone other language at months, the key 

observation is that the achieved this dassic first-word milestone in each language 

the estabHshed maturational range for thÎs milestone in aU infants (ages 9 to 14 

months), whlch, as will be made cIear below, is the most accurate and best index of 

normal bilingual development. 

Regarding the first 50-word milestone, here, on average, aH of our babies attained 

the first 5O-word mile stone if we considered both of their languages combined at around 

age 1 ;08, which is similar to monolingual norm offered for the 5O-word milestone of 

around 1;07 (although surprisingiy to our knowledge no age range ls provided; Charron 

& Petitto, 1991; Nelson, 1973; Petiuo, 1987). If we considered their two languages 

separately, our young bilinguals l first 5Q-word milestone was attained between 1 ;04 and 

2;02, but for masons 1:hat we will di8CUSS in a moment, this i8 not an accurate index of the 

maturatiol1al time course by which bilingual babies attaÎ.n the 5Q-word milestone. 

Interestingly, separate consideration of their two lexicons vis-à-vis this and other 

milestones provides one source the public's perception that young bilinguals are 

delayed. If, for example, we only examine one language of a given bilingual1s two 

languages at age 1;07 and find that she has only 10 El1glish words, we would indeed have 

cause for concem. Because what must also be considered is that this child has 40 words 
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in French and, thus, combined, she attained the rrrilestone at the same time as 

monolingual babies attained the 5O-word rmlestone. 

We are justified considering the young VU'CLÂ"' .... ,U combined linguistic 

achievements, especially as dual language acquisition proceeds over for the 

foHowing reasons. First, we most certainly expected to see variation in the number 

vocabulary items that a given might produce in one versus the other language of 

the type that was observed here whereupon, for example, some babies achieved the 50-

word milestone first in one of their languages, and then thereafter in their other language. 

Such variation was expected because it 18 weB known that differences between 

vocabularies are especiaHy susceptible to environmental factors Buch as direct vocabulary 

instruction, driUing, and frequency of exposure, which can yield increases in the amount 

(number) of vocabulary items that an individual child produces in one language versus 

the other. At the same time, however, such environmental input factors cannot 

significantly change the biologicaUy-controlled maturation al age range within which a 

normaHy developing chi Id achieve a particular language milestone (e.g., Gleitman, 

1981; Gleitman & Newport, 1995; Goldin-Meadow, 1981; Petitto et al., 2001). For 

example, a young baby who is at aH day \-\rith her French mother (and who sees her 

English-speaking dad only at mght and on weekends), will indeed end up in early 

with more French vocabulary words than English. 
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Another factor interacts with arl.1ount of environmental input is a child's 

tendency to produce one versus the other language~-and one that can influence ~u,.u. .. ..,,,,, 

vocabuJary cmmt in either of their two languages--is young bilingual's own emerging 

language preference (see Petitto et al., 2001, for a detaHed discussion of this). In this 

study we observed that each child's most frequently used language (the preferred or 

dominant language) corresponded to the language of its primary sociolinguistic group. 

This 1S a fluid construct that could change over time, and whose constitution could 

cha..~ge from child to child. In practice, however, a child's sociolinguistic group was the 

language of the person or group with which the child had both the strongest bond and the 

most constant contact (e.g., Meisel, 1989). For the children studied here, trus was the 

language of their mother with whom they stayed home aH day, but for other children this 

may be the language of their siblings and friends with whom they were in contact aU day. 

For others stiH, t11is may be the primary language of the children and teachers at their 

fuU-time day care center. CruciaHy, we could predict the bilingual child's differentiai use 

of their two languages based on our knowledge of their sociolinguistic environment 

(Petitto et al., 2001). 

FinaHy, there is a growing consensus that the bilingual child may be compared to 

the monolingual child in tenns of development, provided both languages are t.'l.ken into 

account (e.g., Nicoladis & Genesee, 1997, Pearson et al., 1995; Petitto et al., 2001). By 

doing 50 we see quite remarkably and contrary to earHer views (e.g., Grosjean, 1989), 

160 



that the rate pace of bilingual babies' development coincide with w eH-establi shed 

monolingual nomlS. 

summary, Analysis 1 revealed that the overall timetable by which young 

bilinguals' two languages develop is similar to each other, similar to mOl1oHnguals. 

CmciaHy, we condude that it is the maturational timing with which young bilinguals 

achieve the dassic early language milestones (regarding each of t..~eir two languages 

separately and combined) that is the best yardstick by which wc should evaluate whether 

bilingual acquisition is developing l!nomlaHy" in young children, as opposed to the 

amount of vocabulary andlor degree of language use in social contexts that one versus 

the other language exhibits. 

In Analysis II, we exarnined bilingual babies' two emerging languages, paying 

attention to words in their duallexicons with identical meanings (TEs). This provided 

new insight into the impact that acquiring t'wo languages has on the nascent semantic and 

conceprual underpinnings of early language. Babies acquiring two languages 

simultaneously must solve the problem of disceming the semantic meanings related 

concepts of two lexicons across fueir two languages. One strategy that bilingual babies 

may use i8 to reject the acquisition of TEs their early lexicons; by il1itiaUy rejecting 

TEs the young bilingual could avoid possible semantic confusion by having a single label 

for each underlying concept. And in srudying young bilinguals, researchers have indeed 

used the ostensible absence TEs babies' vocabularies as an indicator that young 
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bilinguals have an underlying semantic confusion regarding their nvo languages and do 

not differentia.te berween them until amund age three (e.g., Redlinger & Park, 1980; 

Vihman, 1985). Altematively, the presence of in babies' lexicons has provided 

researchers with suggestive evidence that young bilinguals can differentiate between 

two linguistic systems as early as their first lexical productions (see especiaHy, 

Petitto et aL 2001). FoUowing established procedures (e.g., Pearson et al., 1995; Petitto et 

al., 2001), we calculated the percentages of TEs in aU of our babies' vocabularies at the 

5O-word stage. Like Pearson and Petitto, we found that approximately one-third of the 

words (signs) our babies' lexicons contained TEs, thereby corroborating earlier 

findings but, here, for the first time, we used multiple sources for data collection (cf. 

Pearson et 13.1.,1995), and a larger sa..'llple ofbabies (cf. Petitto et al., 2001). Taken 

together, our findings support the hypothesis that bilingual babies do produce TEs and 

suggests that they do this because they know they are acquiring two distinct lexicons, 

which is true from their earliest lexical productions and suggests that early bilingual 

lar!guage exposure does not cause a dùld to be semantically and cenceptuaUy confused. 

By building upon research methods used te study whether early word meanings in 

monolingual babies are constrained any way (Le., Huttenlecher & Smiley, 1987; 

Petitte, 1988, 1992), the bilingual babies in Analysis lU provided new kno>Jvledge into 

types of constraints that may underlie their first words in each of their two languages, 

over time. Examining the lexical-referent pairings of the bilingual babies enabled us to 
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gain an appreciation of the Il mi stakes Il babies initially make (or as used within 

"inappropriate li lexical-referent pairings). First, like monolingual babies, we discovered 

our bilingual babies rarely overextended fheir first words either of their two 

languages (cf. Clark, 1973; Leopold, 1939-1949; Rescorla, 1980; Volterra & Taeschner, 

1978). Moreover, this fact was true both of their languages their very first 

language productions and conthmed throughout development; lexical use did not become 

more adult-like (more constrained) as the children grew oIder, as each of young 

bilinguars early lexie ons were constrained from their first entry into language production. 

In addition, for those rare cases when a lexical-referent pairing was judged to be 

"inappropriate/' such pairings were highly patterned: For aH six babies combined, a mere 

3.5% of the total productions were judged to be ninappropriate,1I or 259 inappropriate 

tokens out of a total of 7,381 produced. Of these 259 tokens, only approximately 6% (15 

tokens) could be construed as being possible violations of kind boundaries. Thus, with 

few exceptions, a word used to connote an object was used orny to stand for that object 

and/or the class of related objects, was not aiso used to connote other associative or 

thematic properties of said object (such as actions, locations, or possessors associated 

with the object). The present bilingual findings, coupled with evidence from similar 

findings (see Clark, 1973; Huttenlocher & Smiley, 1987; Keil, 1989; Leopold, 1939-

1949; Petitto, 1988, 1992; Rescorla, 1980; Volterra & Taeschner, 1978), lead to the 

conclusion that early semantic and, thus, concepmal knowledge underlying aH language 
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acquisition is highly constrained along kind boundaries, and together they point to the 

existence of universal conceptuaI principles bind early word learning across aU 

language. 

By categorizing the babies' words (signs) each oftheir languages within the 

hierarchical arrangement suggested by Nelson (1973) at three different time intervals, in 

our fourth analysis (Analysis IV) we established for the first rime that bilingual babies' 

duallexicons exhibited overaU similar conceptual organization to one another and, 

crucially, together were highly similar to monolingual babies. We further established for 

the first time that bilingual and monolingual babies talk about very similar things in early 

with both findings suggesting the existence of universals underlying the ways in 

which children categorize their early word meanings. SpecificaUy, like monolingual 

babies, we found that bilingual babies' first 50 words could be organized into four 

conceptual domains: Objects (animate and inanimate) and Non-objects (person-related 

and object-related). \Vhile the number of words in each category differed by babies, this 

was also true of the monolingual babies studied by Nelson. Moreover, aU of bilingual 

babies examined here produced approximately same namber of WOl'ds (signs) in each 

of these conceptual domains as monolingual babies. At the lO-word stage, for example, 

animate words and person-related words together constituted between 80 and 90% of aH 

of the bilingual babies' first words, and between 78 and 88% of the monolingual babies' 

first wOl'ds. With few exceptions, the same general patterns across aH babies held true at 
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tater stages in development as weIl; at the 30-word stage the percentage of inanimate 

words increased as did the number object-related words for aU but one infant, and at 

the 5O-word stage the percentage of inanimate objects increased, while percentage of 

person-related words decreased for aH but one baby. As the babies' vocabularies 

increased over time, they next acquired meanings for words in the two other 

conceptual domains, namely categories of immimate objects and object-related non-

objects. Given the similarities observed across both monolingual and bilingual subjects 

coUectively, the new insight to emerge from the present findings is that babies first 

categorize their worlds into animate objects and person-related non-objects. 

To gain further insight into the nature of the bilingual babies1 first words we tested 

an hypothesis put forth regarding monolingual babies--we evaluated whether babies 

acquin:: the meanings of words for their favorite things first (Dromi, 1987; MacWhinney, 

1998; Mervis, 1984; Slobin, 1985). To do this we analyzed the third level of 

classification in the semantic structure, as Nelson (1973) stated that the first three levels 

of classification are common to aU children. Further, we combined the two conceptual 

domains, inanimate, personal objects and person-related, non-ohjects, and created a new 

category temled "person-related" because these categories contained words that were of 

personal interest to the habies. We compared tbis newly formed category to "non-person-

related" words, which contained items from Nelsonls categories, inanimate, impersonal 

objects, and object-related, non-objects. These new' categories permitted us to detennine 
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whether babies first acquin~ meanings for things that are related to them, and whether this 

changes over time. In tbis regard, the nove! finding to emerge from the present is 

that no significant differences were observed between groups of babies a1: any time, 

thereby indicating that babies, irrespective of whether they were acquiring one or two 

languages, and irrespective of whether two languages were spoken or signed, 

appeared to show a preference for words connoting things that are person-related. This 

especially true if one considers that from the very onset of language acquisition 

(production) approximately haif of babies' words (signs) were person-related. Vlh.ile 

words describing non person-related items increased over time, the words that were 

person-related remained prevalent through to the 5O-word stage. Together, we conclude 

that, like monolinguals, bilingual babies' preference for their favorite things is reflected in 

their early lexical productions and, further, these first meanings are highly organized 

witbin the srune conceptual domains as monolingual babies. 

In the present study we witnessed ways in which signing-speaking babies' 

language acquisition was similar to bilingual babies acquiring two spoken languages. 

Together, we saw how these two bilinguaI groups also provided a cross-Hnguistic, cross­

modallens through which to observe universals the knowledge underlying alilanguage 

acquisition. Despite snch similarities, there exist significant differences between bilingual 

babies acquiring a signed and a spoken language and bilingual babies acqniring [Wo 

spoken languages. 
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Babies acquiring t\vo spoken languages do so within a single modality (speech), 

whereas language acquisition in signing-speaking babies spans 1\vo distinct modalities 

(sign and speech). It was hypothesized that the C>~l!',UUjl,","".n modality differences between 

signed and spoken languages could yield significant differences between the semantic 

content of these two languages. Fundamentally different lexicons with vastly different 

semantic content and organization may have been revealed because signed languages 

have some lexical items mat are made highly pictOlial hand gestures (iconic) and 

some lexical items mat directly pick out relations front of the signer1s body (indexical). 

Spoken languages, instead, have lexical items whereby their sound sequences are 

arbitrary in that they are not physicaUy related to the object that t.qey connote. Although it 

has already been shown mat iconic and indexical properties of the lexicon in signed 

languages do not have an impact on monolingual acquisition of signed languages in 

profoundly deaf babies (e.g., Petitto, 1987), it could have been the case that such 

differences in the surface lexical forms of signs versus words yielded fundamental 

differences in the semantic content of signing-speaking babies' duallexicons. Instead, 

what we observed here were striking similarities the semantic content, underlying 

conceptual constraints, semantic organization across these babies' signs and words, 

over time. This finding provides support for the existence of semantic and conceptual 

universals underlying allianguage acquisition (be it monolingual or bilingual)--universals 

that can even override snch significant modality differences. 
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summary, results presented here show babies exposed to!:wo languages 

acquin:~ the early linguistic milestones on same maturational timetable across each 

language, on the same timetable as monolingual babies. The bilingual babies 

produced translation in their very first lexicons. Their early words (signs) in 

each language were aiso constrained along kind boundaries. Further, the categorization of 

bilingual babies' duallexicons demonstrated fundamentally similar semantic 

organization, and were organized similar to those of monolingual babies; our data 

revealed that our bilingual babies communicated about the same general things across 

each language, which was similar to monolinguals, and they further acquired the 

meanings of words (signs) for their favorite things first (those that are person-related). 

Here we further suggested what might be the root of attributions that young bilinguals are 

delayed and confused and, crucially, we showed that they are neither and that they 

differentiate their two lexicons from their first lexical productions. We also presented a 

collection of research methods that, taken together, can be used to study the semantic and 

conceptual knowledge uudedying both monolingual babies as weH as bilingual children's 

dualleyJcons over time--those that can provide data upon which meaningful comparisons 

betvveen monolingual and bilingual children cau be made. Given the unique insights that 

the bilingual babies acquiring a signed a..'1d a spoken language provided us, and given the 

universal ways in which our bilingual babies acquired their languages relative to 
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monolingual babies, we hope to have provided a means by which future research 

make establishing bilingual norms wholly attainable. 
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Footnotes 

L The bilingual French-English parents dia and speak these two languages, 

even though each parent daimed to speak only one language with their chlld 

(specificaUy, the language that was ms or her own native language from birth). 

Interestingly, the parents -who were deaf and using LSQ were also ~:bilingual!! in LSQ and 

French in that they did know (have competence in, as distinct from performance) both 

languages (i.e., the deaf parents did read and write in French). Here, however, they only 

!lspoke" one of these languages with native fluency, that is, LSQ. (Sorne could produce 

very few hlgh frequency lexical items in spoken French, such as "Bonjour" meaning 

hello, although note that their pronunciations differed significantly from standard 

French); and, of course, they could not hear French as the deaf adults in ihls stndy were 

profoundly deaf from binh and acquired LSQ as their first language from theil' deaf 

parents or deaf family members. So as io not bias or encourage any infant-directed 

behavior modification, aU of the parents were simply told that was a study desi gned 

to observe their babies' early language acquisition over time. 

2. A "neutrar' is a coding attribution designating forms produced by babies 

that are indistinguishable to researchers as belonging to one or another language. Neutrals 

have also been suggested to be the cause of babies appearing to be language llconfused. Il 
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For a discussion of why this is so, and how signing-speaking babies can shed light on this 

see Petitto et aL (2001), and Petitto and Holowka (2002). 

3. For ease interpretation, the examples given here and in Table 5 reflect 

adult forms of the babies' productions. 
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Table 1 

Ages of Subjects al Videotaped Sessions 

English-French 1 LSQ-French 

1 
1 

Bd 1;00.16 iAmy 0;11.30 

1;01.16 1 1;01.03 j 
1;02.20 1 1;02.15 

1 
1;04.01 t 1;05.13 

1 1;05.11 1;08.06 
1 

1;07.00 
1 

1;11.02 

1;10.20 
1 2;01.04 
1 

1 

Jane 0;07.23 1 Val 0;11.19 

0;10.06 
1 

1;00.12 

0;11.10 l 1;02.10 

1;00.13 
1 

1 ;05.17 

1;01.07 

1 

1;08.23 

1;02.08 1;11.04 

1;04.30 

1;08.08 
1 1;11.06 ! 

! 
1 

Sue 1;00.14 IOli 0;11.20 

1;01.15 

1 

1;03.14 

1;02.11 1;07.00 

1;03.18 1 1;10.00 

1;04.22 1 2;01.06 

1;07.29 
1 

1 

1;11.02 
1 

2;02.14 1 
1 



Table 2 

ilges of Subjects at Attainment of the 

Milestones 

First-Word 

Child English French 

1;02.20 1;02.20 

Jane 0;11.10 1;01.07 

Sue 1;02.H 1;01.15 

LSQ French 

Amy 0;11.30 0;11.30 

Val 0;11.19 0;11.19 

OH 0;11.20 0;11.20 

and First 50-Word 

Milestone 

First 50-Word 

English French English+French 

2;01.04 1;10.20 

1;04.30 1;04.30 

2;02.14 2;02.14 1;11.02 

LSQ French LSQ+French 

1;11 1;08.06 

1;08.23 1;08.23 

2;01.06 1;07.00 
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Table 3 

Average Age (or Range of Age) of Subjects at Attainment of the First-Ward and the First 

50-Ward Linguistic flAilestones 

Milestone 

Group First-Word First 50-Word 

English-French 1;01 1;09 

LSQ-French 0;11 1;08 

Monolingual" 0;09-1;02 1;07 

Note. "The monolingual nonns for the linguistic milestones were determined from: 

(a) First-word: Capute et al., 1986; Vihman and McCune, 1994, and 

(b) First 5O-words: Nelson, 1973; Petitto, 1987; Charron and Petitto, 1991. 
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Table 4 

Nwnbers of Appropriate and Inappropriate Tokens 

Group 

English-French 

Ed 

Jane 

Sue 

LSQ-French 

Amy 

Val 

OH 

Tornl 

952 

21 

923 

1344 

706 

1343 

184 

Appropriate 

937 

2043 

860 

1304 

689 

1289 

Tokens 

Inappropriate 

15 

70 

63 

40 

17 

54 

Violations 

1 

4 

1 

5 

o 

4 



Table 5 

Examples of lnappropriate Tokens 

Group 

English-French 

Ed 

Jane 

Sue 

LSQ-French 

Amy 

Form 

vache (cow) 

duck 

bye 

bananaJea 

bananalea 

mouton (sheep) 

water 

woof 

shoe 

ball 

CHAT (cat) 

pomme (apple) 

bébé (baby) 

185 

Tokens 

Referent 

horse 

rabbit 

necklace 

apple 

cucumber 

cow 

photo 

cat 

sock 

apple 

dog 

orange 

bananas 

Kind 

animais 

animaIs 

* 

fruits 

fruits 
animais 

* 

animaIs 

clothes 

* 

fruits 

* 

(table continues) 



Group 

LSQ-French 

Val 

OH 

Ferm 

chien (dog) 

OISEA U (bird) 

BROSSE-DENT 

(toothbrush) 

auto (car) 

POMME (apple) 

nez (nose 

Tokens 

Referent 

horse 

butterfly 

hairbrush 

tfactor 

ban ana 

apple 

animaIs 

animaIs 

brnshes 

vehlcles 

fruits 

* 

Note. L French forms are in italics, LSQ forms are in capitalletters, and English 

glosses are provided in brackets. 

2. The asterix refers to the inappropriate tokens that violated kind boundaries. 

aDue to her immature phonology, it was unclear as to whether Jane was 

producing the English form banana or the French form banane. 
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Table 6 

Percentages oJWords Produced by Ali Subjects at the 30-, and 50-Word Stage as 

Categorized by the Nelson Semantic Trees 

Objects Non-objects 

Animate Person-related Object-related 

Word Stage 10 30 10 30 50 10 30 50 10 30 50 

English-French 

Bd 50 27 26 20 23 30 30 30 24 0 20 20 

Jane 30 23 28 20 20 28 50 47 36 0 10 8 

Sue 50 27 24 0 10 24 30 40 30 20 23 22 

LSQ-French 

Amy 20 27 26 10 20 28 70 43 36 0 10 10 

Val 40 27 22 20 27 28 40 23 32 0 23 18 

OH 50 33 36 20 20 34 30 37 24 0 10 6 

Monolinguala 

Ellen 45 35 23 22 38 59 33 17 12 0 10 6 

Lisa 45 19 11 27 33 37 11 8 10 

Robert 63 27 27 12 23 21 25 42 0 8 11 

Note. aMonolingual subject data from Nelson (l973). 
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Table 7 

Percentages of lIPerson-Related ll and liNon Person-Related ll Words Produced 

Subjects at the lO-Word (T]), 30-Word (T2), and 50-Word (T3) Stages 

Time 

Tl T2 T3 

Person- Non- Person- Non- Person- Non-

Related Person- Related Person- Related Person-

Grou~ Related Related Related 

English-French 

Ed 50 0 47 26 50 24 

Jane 60 10 64 13 60 12 

Sue 30 20 43 30 46 30 

LSQ-French 

Amy 80 0 60 13 62 12 

Val 60 0 43 30 54 24 

Oli 50 0 54 13 48 16 

Monolingtlala 

Ellen 55 0 24 57 20 

Lisa 44 11 61 65 19 

Robert 37 0 50 23 51 22 

Note. aMonolingual subject data from Nelson (1973). 
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120 120 
LSQ --r::J-- French 

100 ---<>--- English 100 --0--- French 

80 -~- Neutra! 80 

"1:1 60 ~. 60 ..... 
.or; 

40 40 

20 20 

0 -, 0 

1;0 1;02 1;05 1;10 2;01 1;00 1;02 1;08 1;11 
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Figure 2 

Types of words or signs produced in sessions over time: English-French and LSQ-French 

infants 
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~-, ~ ~iI 'mAT mwé diDbeJJD moof~ ~ 
dm:le ~ W'$ WHAT ~ oJo woof 

~ ~ uh-oh QUACK 
YIBS _ow 

~ptJl) MYM1Ii beM 
bye 

Figure 3 

Nelson's (1973) semantic structure for one English-French child: Ed 
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Group 

Appendix 

'1'hree English-French, Three LSQ··French, and 'l'hree !llfonolingw:ùll Bubjects' Wordsb 

Proouced at the 10-Word (1'1), 30-Word ('1'2), and 50·Word (T3) 
AccQrding to NelsoTl:s (11J7,'J) St:tnontic Structure 

Ob~ N~~~ 
-~------

Anirullte Inanirnaoo !'trr'lM-.lI1Wd Old.;wt-Rélat.ad 

Poople Ailimlllli'} Pet'~OMi tmpl'.nul<lal ActJoll :I;."xprom.;l".~ A.mnil Propertltlll 

Jl:nglis~l'Yenrh 

Bd 

'1'1=10 

Tl! '" 30 

b&"';/ 
baby 
dada 
papù 
marnai,. 

fillT'Bld· 
pa{pa) 

ElIW 

lapin bal/.(>lUi/e 
baUle 

vaehe poI .... me 
juù;~1 

jus 
BOAT 

.~ el 

l'fIA'!' brll!o!\ 
WHAT mœre 

pal't:l 

"lM! 
heUo 
oh 
u4·nh 

11l:S 
no (no/t 

bY" 

0 

mOlli 
1I1e1<Î: 

woof 
QUACI( 
llie(JW 

behl. 

10 

antre 

( appendix continues) 



.... 
\Cl 
~ 

T<j",OO 

Jane 

'1'1.00 ]1) 

'l'2 ,.30 

T<l" 50 

mootoo 
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Note. lIMonolingua!. subject data from Nelson (1973), 

~nglish words = UPPER-CASE, 

French words =: lower-case, 

LSQ signs = UPPER~CASE (holà), 

Neutra!. fonus = italies. 
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Origins 

The origins of language have remained elusive as a result questions 

surrounding the basis of babb1ing. normally developing babies proceed through a 

series of stages of oral and manual development Around 6 months, reduplicated babbles 

appear, and motor stereotypies peak. The simultaneity of these developing behaviors thus 

makes identification of fundamentally linguistic or motoric components of oral or manual 

acts difficult. Exan1ining the basis of babbling from new perspectives, however, 

permitted these acts to be differentiated, which in turn shed new light on the origins of 

language. 

ln Chapters 2 and 3 the competing motoric and linguistic hypotheses were 

addressed. In Chapter 2 the basis of babbling was investigated through exami:ning babies 

acquiring a signed language. technique yielding quantitative data was employed here 

for the first time to babies' early linguistic development that, coupled with a technique 

commonly used in the field, provided the means necessary to distinguish between manual 

motor stereotypies and manual babbling. Chapter 3, babies' activity was examined 

from the oral perspective. technique previously established in adult literatuI'e was 

used te disseciate the different types of activity babies produced with their mouths. 

Despite radically different types of Hnguistic exposure and employment of techniques, 

the evidence converges on a single finding: babbling is a behavior fundamentally distinct 

from other nonnally developing motor behavioI's. This was observed in the babies' 
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production of at least two different types of activity in their respective modes of 

acquisition, and was captured through original methods and techniques. 

Properties 

To study and uHimately understand the different types of activity produced by 

babies, researchers apply a standard set of criteria to babies' acts. The criteria for 

attributing babbling status, for example, is well-established in and reHably 

differentiates between babies' early productions which lack troe consonants and voweis, 

and thus syHabic organization, and lexical items which are produced with meaning or 

reference. In order to draw the conclusion that babbles are linguistic and fundamentaHy 

different from other non-linguistic behaviors, however, additional criteria were needed. 

In Chapter 2, these criteria were established using Optotrak technology which contributed 

a quantitative property of manual babbles to the criteria for identifying babbles. 

Moreover, using standard videotape procedures, it was determined that manuaI babbles 

were aIso produced the linguistic sign-space. This latter property of manual babbling 

suggests an "'.i,",jlU.""Jl~ of continuity with the adult of the language. 

Similarly, the babies' production of babbles with right mouth asymmetry observed 

Chapter 3, support the notion that babbles contain properties identical to the mature 

form of language. Using a technique adapted from the adult literature it was hypothesized 

that if babbles were fundamentaHy Hnguistic nature, these adult properties would be 
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present babies1 immature ferros. In differentiating between the babbles and nonbabbles 

produced by babies, it was deterroined only babbles were preduced under left 

hemispheric controL This finding is cornmensurate with those in the field that state that 

language (induding sign language) is lateralized, organized, and processed in left 

hemisphere. The findings therefore suggest that, like manual babbling, oral babbling 

represents the beginning, or origins, of the expressive language capacity. 

Processes 

In Chapter 4 the productions of babies acquiring a signed and a spoken language 

simultaneously were analyzed, previeus findings the literature were confirroed, and 

new insights into the processes underlying aU language acquisition were gained. The 

findings from previous studies that signed languages are acquired at the same rate and 

pace as spoken languages were confirmed, despite the fact that the babies studied here 

were acquiring two languages simultaneously. Further, the bilingual babies constrained, 

organized, and used their first words, in both languages, and across modalities ways 

similar to monolinguals. SpecificaUy, by differentiating between languages, it was 

discovered that the bahies possessed distinct linguistic systems from the onset of lexical 

productions. By differentiating between modalities, it was detennined that common 

cross-modal ser,naritlc and conceptual underpinnings exist. fonner observation sheds 

new light on contemporary issues bilingualism, including whether babies are 
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11confusedl1 at the outset of language "'~""'UV.<A. The latter point iHustrated 

differential use that babies of their input, enabled us to better understand the 

complex semantic relations underlying the of meaning in two modalities, and 

provided evidence that the conceptual scaffolding common to alllanguages is in place 

before babies produce their first words. 

New Perspectives 

differentiating between the motoric and linguistic aets of babies acquiring a 

signed or spoken language, a more parsimonious account of language emerges, one that 

is commensurate with the linguistic hypothesis of the origins of language. The findings 

from Chapters 2 and 3 regarding the basis of babbling presented here suggest that 

language emerges as a behavior independent of extant and developing motoric behaviors, 

and represents the first step in a graduaI transition from bahhles to first words. The next 

step, the acquisition of meaning, was evideneed in Chapter 4, in the eommon semantic 

and conceptual underpinnings ohserved as bables make the transition from form to 

meaning aeross language and modality. The new perspectives gained in considering the 

similarities in structure and organization of signed and spoken languages here, and 

elsewhere, further suggest that this linguistie continuum he expanded to include signed 

languages. That is, emergence of language begins at the production of habbles and 

develops independent of other non-linguistic behaviors and of modality. 
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sum, the present thesis contributed new insight to the field of language 

acquisition in generaL Specifical1y, the research Dn~sem:ea herein suggests that 

babbling 15 fundamentaHy linguistic nature and thus repre5ents the origins of the 

producti ve language Cal)acny Through a collection of new research methods, and 

study a fascinating group babies, new properties manual and babbling were 

posited, and processes underlying the acquisition of meaning were elucidared. These 

methods provided the window through which to examine babies1 differentiation of early 

forms into distinct linguistic and motoric behaviors, and babies themselves were the 

lens through which the processes underlying the differentiation of language and 

modalities were seen. 

We were granted insight into our amazing capacity for language, when the worldls 

languages were confused at the Tower of Babel. The cross-linguistic, cross-modal 

perspectives afforded us coupled with contemporary techniques and methods, together 

made possible a better understanding of the basis of babbles. And while understanding 

the nature of the origins of language may not have been what was intended, we were 

given the me ans to better define the properties of language through exalIll111ng these new 

perspectives. While the people Shinar were powedess to understand one another given 

the differences across their languages, it is these same differences that empowered us by 

providing insight into the processes underlying all of language acquisition. Thus, while 

parents may still not understand the babbles of their young, through examining the 

207 



origins, properties and processes langtlage, researchers are now one step doser ta 

I.mderstanding the uniquely AH','''''''''-'- capacity is 
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