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ABSTRAUT
In order to isolate the propertics of language whose development can
withstand wide variations in learming conditions, we havul o.hs:.:rvct.l
children who have not had access to any conventional linguistic n:q:mt
but who have otherwise experienced normal social environments. The
children we study are deal with hearing losses so severe that they cannot
naturally acquire spoken language, and whose hcanng. parents have
chosen not to expose them 10 a sign language. In prevnqu:?' mer,k' we
demonstrated that, despite their lack of conventional linguistic input,
the children developed spontaneous gesture systems which were struc-
jured at the level of the sentence, with regularities identifiable ACROss
gestures in 2 semence, akin to syntactic structure. The present ?tudy was
undertaken to determine whether one of these deaf children’s pgesture
systerns wes structured at a second level, the level gf the gesture - th;.ll
is, were there regularities WITHIN & gesture, akin to morphologic
structure ? .
We have found that (1) the deaf child’s gestures could be characterized
by a paradigm of handshape and motion combinations which formed a
matrix for virmally =l of his spontancous gestures, and (2) the deaf
child's pesture system was considerably more complex t‘hun the dee‘:l
provided by his hearing mother. These data emphasize the child’s
contribution to structural regularity at the intra-word level, and suggest
that such structure is a resilient property of language.

INTRODUCTION
Resilience and [ragility in language development

Language is mastered by children experiencing a wide range of environments
and thus can be considered a generaily robust phenomenon (cf. Wimsats,
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1981). Despite great variability smong cultures in the patterns of child-
carctaker communications (e.g. Schieffeling 1979; Miller, 1¢82; Ochs, 1982;
ye, 1986), virtually all chitdren in all cultures master the Janguage to which
they are cxposed (Slobin, 1985),

However, there do appear to be limits on the robustness of language
development in children. Children who have been brought up by animals
have not been found to develop any human language spontaneausly (Brown,
i958; Lune, 1977), nor have children reared by humans under inhumane
conditions (Davis, 1940; Masan, rg4z; Curtiss, 1977). For example, Curtiss
studied a girl wha had been confined to a small room with no freedom of
movement and no human companionship for the first 13 years of her life.
During this period of unusual deprivaticn, language did not develop at al,
providing evidence for at least one (albeit extreme) limitation or the
resilicnce of language development in children,

Moreover, not all properties of language appear to be equally rebust in the
face of variations in environmental conditions. Certain properties of language
have been found to develop in environments that deviate dramatically from
typical language-learning environments, while other properties of language
have not. For example, Sachs, Bard & Johnson (1981) studied the language
development of o hearing child who was exposed to an impoverished madel
of English by his deaf parents and found that this child developed some of the
properties of English but fatled to develop others. Thus, the child's dearth of
linguistic input appeared to have had differential effects on his language
development.?

In our work, we have focused on isolating those properties of language
whose development ¢an withstand wide variations in learning conditions -
properties which we have called the ‘resilient’ properties of language (as
opposed to those properties which appear more sensitive to the linguistic
environment - the ‘(ragile’ properties of language). In an attempt to de-
termine which properties of language can be developed by a child under one
sel of severely degraded input conditions, we have observed children who
have not had aceess to any conventional linguistic imput but who have
otherwise experienced normal social environments. The children we study
are deaf with hearing losses so severe that they cannot natunally scquire
spoken language. In addition, these children are born to hearing parents who

(1] bis imporant o nate that the child studied by Sachs ¢f al. (s981) was unusual in his
extreme lack of exposure to ora! langwage. Hearing children of deaf parents are typically
encouraged 1o be in sitiations where they will experience oral language and, even if this
vxposuce is less than the norm, they wnd (o scquire spoken language at 8 normal pace
(Schiff, 1y79). The point we wish to stress here is that, even though the child in Sechs’
studly expericnced u rudically atypical language-learning environment, some properiies af
Linguape WeRE found in his speech and thus appeared to be unaffected by the chifd’s
mnpuverished environmment,
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have chisen not te expose them tossign langeage. We have found that these
deat’ chuldren, despite their impoverished  Language leaming conditions,
develop pestural communication systems which are structured 1n muany ways
ke the commurication systems of young children Jearning Linguage in
ordinary hinpuistic environments, buth hearing children learning spoken
Lingueage From their hearing parents and deaf children Tearnic: conventional)
sign hanpuagee from their deal pareats,

In particular, we have demonstrated that euch of wn deal subjects
combined hweir gestures into strings that functioned in a number of respects
like the sentences of early child language; these strings were consequently
fabelled ‘gesture sentences . First, the children’s gesture sentences expressed
the semantic relations (in particular, action and attribute relations) typically
found 1n early child language {Goldin-Meadow & Mylander, 14984). Sce-
ondly, the predicales in the deaf children’s sentences were comparable to the
predicates of early child language in that they were composed of underlying
frames or structures with vae, two, or three arguments (e.g. all of the children
produced 'transfer’ or ‘give’ gestares with an inferred predicate structure
contziring  three arguments ~ the actor, patient, and recipient, as in
*you{sister give duck to her/Susan’ (Feldman, Geldin-Meadow & Gleitmun,
1678y, Thirdly, the gesture sentences produced by the deaf children were
structured on the sutface as are the sentences of early child language in that
they conformed to regularities of two types: ordering regularities and
production probshility regularities (Goldin-Meadow & eldman, 1975,
1977). Finally, the deaf ¢children generated novel, complex gesture sentences
contatning at least two propositions beginning around z; 2, an age compacable
to the onset of complex sentences in chuldren learning conventional langusges
(Goldin-Mezdow, 1982, 1987).

Thus, each of the deaf children had developed a gesture system with
structure at the level of the sentence, that is, with structure identifiable
AUHOSS pestures in a string, akm to syntachic structure. We propose 1a this
study to consider structure in the deal child's gesture system at a second level

a1 the level of the gesture, that is, structure WITHIN a gesture, akin to
morphologre structure.

Children acquiring either a conventional spoken language or a conventional
sign languuge bepin to develop structure at the level of the word or sign by
therr fourth year, As a rule, children begin with an inital penoed during
which they learn the words or signs of their languape 25 unanalysed wholes

or ‘amalcams’ [MacWhinney, 1978, Newport, 19821, During the next
pertwod, they begin to learn that a word or sign can be.composed of parts (or
morphemus), each of which is meaningful. For example, initially a child
mizht use the word unrtie appropriutely but not be aware that the word s
composed of twa parts, un and tie, Later, however, the child learns that un
15 a sepgrable piece of the word associuted with a particular meaning (e, o
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tndo the rosudtolunacown, an insight reilected inthe child's overgeneralized
uses ol wr (e unelothes = 10 take the clothes ofT o baby, Bowerman, 1¢42),
At this stge, the child gains productive control over the purts of words,
knowing the parts themselves and how they combine to form words, and thus
has structure not ondyat the leve! of the sentence but also at the level of the
words,

Lo hicrarchy of structured levels is common 1o natural child language and
it woe wish to explore fully the aspects of linguistic systems which are
sulliciently resilient to withstand severe environmental deprivation, i1 be-
cornes important w ask whether the deaf ehildren in our studies glso develop
such hierarchical structure in their gestural communications, 1n other words
we explore whether there is intra-gesture structure as well as inrcr-gestun.:
structure sn the gestures of the deaf children, and thus whether hierarchicsl
structure itself as a resilient” property of language.

T'he deaf children in our studics had not been exposed 10 an accessible
conver tonal language model. They therefore could not have hased the:r
structured gesture systems on such a conventional maodel. However, we
recognize that the children were not developing their gestures ina vacuum,
but rather were growing up in a world of hearing individuals who are noted
to gesture frequently along with their speech (cf. Shatz, 1982 ; Perry, Church
& Goldm-Meadow, 1938, Bekken, 1989). 1n our previous work on sentence-
level strueture, we found that several aspects of the deaf children's Resture
systems had quite obvious ties to the gestures produced by their hearing
maothiers. Both the children and their mothers produced pointing gestures
and wonic gestures, and both combined those gestures into linear strings.
IHowever, the mathers' gesture steings did not show the same structural
regularities as their children’s. In particular, the mothers showed no reliable
sestore order patterns in their strings, and the production prohabiliny
patterns in the mothers’ gesture strings were different from the production
probubility patterns in their children’s strings. Moreover, the mothers begun
COnVeYIng 1wo propositions in their gesture strings later in the study than
their children, and produced proportionately fewer sentences with conjoined
propusitions than their children (Goldin-Meadow & Mylander, 1983, 1984).
Thus, the children's pestures had surpussed the models provided by their
mothers” pestures in having stracture at the sentence level,

I the present work, we extend our anulysis of the rale (or non-role) of
parental input in the development of the deaf child’s gesture systern. \We
explore whether the spontancous gestures produced by the deaf child's
hearing mother are structured at the level of the gesture and, if so, whether
this structuee might serve as o model for intra-gesture structure in the deal
chibd's gestures,

fn sim, our objectives are twofold: (1) to determine whether the restural
communication of a deaf child without access to a conventional languagpe
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model can be structured ot the level of the gesture; that is, can the child
develop a morphology Tor his gestures (Study 1) 2 and (2) to determine which
aspects of this morphologic structure {(ifany) can be attributed to the gestures
produced by the deal child’'s mother (Study 2).

Background an deafness and language learning

The sign languages of the deaf are autonomous languages which are not
based on the spoken languages of hearing cultures {Bellugt & Studdert-
Kennedy, 5980). A sign lunguage such as American Sign Language (ASL) 1s
a primary linguistic system passed down from one generation of deaf people
to the next and is a language in the full sense of the word. Like spoken
languages, ASL is structured at syntactic (e.g. Liddell, 1980), morphological
(¢e.g. Klima & Bellupi, 1979) and ‘phonological” (e.g. Padden & Perlmutrer,
1987) levels of analysis.

Deaf children bomn to deaf parents and exposed from birth to a con-
ventional sipn lanpuapge such as ASL have been found 1o acquire that
language naturally; that is, these children progress through stages in
acquiring sign language similar to those of hearing children acquiring a
spoken language (Newport & Meier, 1985). Thus, in an appropriate linguistic
environment, i this case, a signing environment, deaf children are not
handicapped with respect to language learning.

However, go; of deaf children are not born to deafl parents who could
provide early expasure to a conventional sign language. Rather, they are born
to hearing parents who, quite naturally, tend to expose their children 1o
speech {Hofimeister & Wilbur, 1980). Unfortunately, it is extremely un-
common for deaf children with severe to profound hearing losses to acyuire
the spoken language of their hearing parents naturally, thut is, without
intensive and specialized instruction. Even with instruction, deaf children’s
acquisition of speech is markedly delayed when compared either to the
acquisition of speech by hearing children of hearing parents, or to the
acquisition of sign by deal children of deaf parents. By age five or six, and
despite intensive early training programmes, the average profoundly deaf
child has only a very reduced oral linguistic capacity (Mcadow, 1961,
Conrad, 1979).

In addition, unless hearing parents send their deaf children to a school in
which sign language 1s used, these deaf children are not likely to be exposed
to conventional sign input. Under such inopportune circumstances, these
deaf children might be expected to fail to communicate at all, or perhaps to
communicace only in non-symbolic ways. This turns out not 1o be the case.

Previous studies of deuf children of hearing parents have shown that these
children spontaneousiy use gestural symbols to communicate even if they are
not exposed to a conventional sign language model (Tervoort, 1961; Fane,
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19725 Moores, 1974). "These gestures are conventionally referred 1o as 'hame
sign’. Farly studies, however, did not usk whether horne SIEN systems are
structured as human languages are. [n contrast, our work focuses partcularly
on the structural aspects of deaf children’s home sign systems.

Our previous work has focused on structural properties at the level of the
sentence in the deaf children's gestures. The present study focuses on
structure at the ‘morphological’ level. Qur search for morphological struc-
ture in the deaf children’s gesture systems is guided particulariy by recent
rescarch on morphology in ASL. We begin by reviewing the findings of this
hierature that are relevant to our analyses.

Structure at the level of the sign in American Sign Larnguage

ASL morphology. Research on morphology in ASL (see Wilbur, 1987 for a
general review) has focused on inflectional morphology for marking aspect
and distribution on verbs and pluralization on nouns {[Fischer & Gough,
t978; Klima & Bellugi, 1979) and on derivational morphology which
distinguishes verb stems from refated noun stems (Supalla & Newport,
1978). ‘The research has shown that (like spoken language morphology) stems
in ASL undergo a variety of infectional processes that apply in an ordered
and recursive fashion.

Maoreover, recent research has found ASL to be comparable to those
spoken languages that are morphologically quite complex. “This work has
tocused on signs that are highly mimetic in form (as contrasted with the
‘frozen ' signs of ASL that are listed in ASL dictionaries as single-morpheme
stems). Mimetic signs in ASL were originally thought to be built on an
analog use of movement and space in which movement is mapped in a
continuous rather than a discrete fashion (DeMatteo, 1977; Cohen, Namir &
Schlesinger, 1977). In other words, mimetic signs were thought not to be
divisible inte component parts, but rather were considered unanalysable
lexical items that mapped, as wholes, onto events in the world, However,
recent research has shown these mimetic signs to be compased of cambina-
tons of a limited set of discrete morphemes (Newport, 1981 McDonald, .
1982 Schick, 1987). For example, to describe a drunk's weaving walk down
apath, an ASL signer would NOT represent the idiosynerasies of the drunk’s
psrticular meanderings, but would instead use a conventional morpheme
representing random movement (i.e. a side-to-side motisn) in conjunction

with a conventional morpheme representing change of location. Mimetic

signs in ASL. have been shown to be constructed from discrete sers of
morphemes and to include, at a minimum, a motion morpheme combined
with a handshape morpheme.

Morphemes in ASL. (as in spoken languages) have been organized into
frameworks or matrices of oppositions, referred 1o as ‘paradigms’ {cf.
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Mutthews, 1974). For exampie (Supalla, 1982}, the motion form ‘lincar path’
{represenning change of focation aluny a straight path) can be combined with
any number of hand forms representing agents or actors {e.g. inverted V =
3 human; humb -+ vwo Angers held sideways = a vehicele). These combina-
nens create 2 set of signs whose meaninygs are predictable from the meanings
»{ the individual motion and handshape elements (1.e. a humun moves along
a struight path, a vehicle moves along a straight path). In another example,
a different motion form (e g. "arc path, ' representing change of location alony
an arced path) can be combined with these same hundshape morphemes 1o
creale a set of signs whose meanings are also systematic combinations of the
component parts of cach sign (e.g. a human jumps forward, a vehicle jumps
forward). "Thus, many of the signs of ASL can be described in terms of a
combination of handshape and motion morphemes that together form
paradigrnatic seis.

Acquisition of ASL morphology. The eariiest signs produced by deaf children
acquiring ASL fram their deaf parents {referred to as “2znd-generation deaf )
are lexical iterns that are uninflected citation forms (Ellenberger & Steyaert,
1978; Meier, 1081). These signs are either {rozen signs (stems with no
internal stem morphology and no derivational morphology) or signs which,
although meorphologically complex forms for the adult, are unanalysed
amalgams lor the child (Newport, 1981). At around age 2,6, deaf children
learning ASL begin 10 scquire discrete morphemes one at a time, and (as in
the hearing child’s acquisition of morphologically complex spoken languayes)
morpheme acquisition continues in the deaf child unul at least age 6:0
{Kantor, 1g80; Supzila, 1g82; Schick, 1986).

As mentioned previously, 909, of deaf children are born to hearing parents
and thus are unlikely to be exposed to ASL from birth. In fact, many of these
“1st-generation ' deaf children are not exposed to ASH, for the hirst 1ime until
adolescence or aduithecd. Unlike the znd-generation deal who learn ASLL
from birth and show complete mastery of ASL morphology when tested as
adults, rst-generation deaf have been found to have only partial controt of
ASL morphology as adults — even if they have used ASI. as their primary
language for 40-50 years (Newport, 1984). This finding highlights twe poinss
about the acquisition of morphology: (1) Morphology -learning appears to be
sensitive to age of acquisition, with mastery of the system associated with
eariy (nmative) acguisition. (2) Since znd-generation deaf children {who
master ASL morphology completely) often receive their linguistic input
from their ist-generation deaf parents who have NoT fully mastered the
system, morphology development during the early years uppears 1o b
relatively insensitive to the nature of input (Singteton & Newport, 14987).

I'hese observahions highlight the potential resilience of early morphalogy
cdevelopment and lead us to ask: How impoverished can linguistic input be
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and still ullow a chubd to develop a morphological system ? Data from our deaf
subjects allow us to address this question in an extreme form. We ask
whether a child lacking any conventional linguistic input can still develop a
morphological system, Study 1 addresses this question,

.

STUDY ¢ THE DEVELOPMENT OF A MORPIIOLOGICA|
SYSTEM WITHOUT A CONVENTIONAL LANGUAGE
MODEL

.

METHOD

Subject. T determine whether the gestures of the deaf subjeets in our studies
can be characterized by systematic combinations of meaningfu) forms, we
setected one of our original subjects (David) and analysed '“¢ mimetic
gestures (characterizing gestures in our terminology) he prodiced during
naturalistic play sessions videotaped in his home when he was 2,10, 2; 11,
3.0, 353, 3;5. 3501, and 4110, These ages span the age range during which
beth deaf (Supalla, 1982) and hearing (MacWhinney, 1976) children learning
conventional languages have already begun to acquire cerrain morphemic
distinctions, 'U'wo types of characterizing gestures were omitted from these
aralyses: (1) 243 ‘conventional’ gestures which occur routinely in the
spontaneous gestures of hearing adults and children in our culture (e.g. a Aat
hund extended palm-up to mean *give’), and (2) 68 gestures in which the
motion traces the extent of an object.

Al the ume of our observations, David had made little progress in oral
language, accasionally producing single words and never combining those
words into sentences. Although we did not test David’s comprehension of
spoken Lnglish, his parents reported that it was extremely limited at this
point in development and did not improve dramatically when he wore his
hearing atds.

[t 15, of course, possible that David was able to use whatever information
hie could glean from the specch signal 10 help construet word-leve) siructure
m by gesture system. However, in our previous work, we found little
evidence 1o suggest that the deaf children in our studies were actually
attending to the speech their mothers produced and hirtle evidence to suggcsdx
that the structural information available in speech had been mearporated into
the deafl children's gesture sentences (Goldin-Meadow & Mylander, 1984).

In addition, at the ume of our observations David had nat been exposcd
to a conventional sign language, either American Sign Language or any of the
varictes of Sipred English. Duvid was attending an oral pre-school in
Phyludelphia, His teachers knew no sign language, nor did any of the children
i his class, und exposure 1o other children in the school was limited since
David's class did not tuke recess with the older chaldren in the school.
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Cuding amd wnaiysis, Inour analyses, o qualify asa ch:nraw.lvn.m::lg HL-:;Turc‘ll:|l|1
Lot must seusly two onitenas (1) the act must be directe fn um:lt .(.r
individual (e it must be communicative), and (2).”":. act l'[‘H.lh[ r‘nft-n U
direct manipulation o o relevant object or purson (i.e. it l'ﬂllht‘!ﬁlf L';;.p:.y-
mr ded D see Goldin- Meadow & Myhmdr:r,- 1&%34‘. 17 for :-1ng.111"»:1‘.:. (( "..h-
cussion). Lt is warth noting that these 1wo criteria ure of?cn not m\‘:; ;{- .‘ar
At act 1o be considercd a gesture in studlu:s of hearing children (Lf. f; tu-r.g(,
Bates, Bergni, Bretherton & Camaiorln, 1979; Bates, Urct'ncru‘nlx‘,l.“fa(':rt d
MeNew, 1083). LT gestures ARE required to be both conrwr‘rTuxm.jnu:-.h:.rrxr-
empty-handed, characterizing gestures are rarcly noted to ;;L(.-Ol'l:.p..:lnl?‘ ,m_illnl,
ing children's speech (Petitto, tg88). Mareover, even lht‘aug 1 (.crl -I.I. ‘ g . ¥
children are purticularly prone 1o gestural communication (Vo .u.rr.-n, u)- : ,.
Acredolo & Guodwyn, 1985), it is unhkely thal' these chitdren ua.r_- ye sltjn.l.n:
extensively as the deaf children in our studies for whom gesture s the
11712 ans mmunicaten.
pr{;ﬂ:ﬁry::;t:::;:cfslﬂ;f David were codefi .initiaily. at the sentence Ic‘:;;:l
according 10 2 system described in detail in bo]dln'Mt'i.]\JO'v"-' .(1979'3}.. “He‘
wlossed all characterizing gestures as prt'-dlcatu.:s, a::sm!m}n.g‘uu .D:L]:l;\‘-[-t)
meanings to gestures that mirrored the z_:cnons on or by O;icus (tL d "
and assigning attribute predicate meanings 10 pestures (d:jmll\r;(lrt_J e
nerceptual charscteristics of objects (e.g. 'R(.)UND; see ('.r()l d”,)_-- .L..H.‘)( !:&r
Mylaildcr, 1984: 236, for the rationalf: behind lhcii‘c c()dll\j;. T.usu_)r'::} ﬁr(:‘
the present analysis, we code the meaning or each gcsturel t,W‘ChL,- (1h) , '_..m;c
code Lhe gesture in tetms of the characteristics of the OBJrCT ¢ '.n t c[_!,(_x ur
is used to refer to {either the object involch in the actions of dC.[- pr;;.( lLd <s,
or the object described 1n attribute .pr::dxcatcs). We take this ;)'Jl’:'_(';tln;
lormation to be relevant fo the meaning of handshape forms (c ! .sfr] .
belew). (2} We also code the gesture in terms of the Chﬂrklct.crlhll(?h 0 1;L
ACTION that the gestare is used to refer 1o, and w:: take this lnfnrma;ll_;.l? :"l-w
relevant to the meaning of motion forms (cf. Table 4 hrjlow). Re 1)..; :1r|y
LHetween two independent coders ranged from 85 1o 9§ ,‘{. ;1grc:¢:.mml or
~oding handshape and from B3 to 93 "%, agreement for codimg motion.

Cading hardshape Jorms anud meanings. ]"'nllowinp..; Sup:;lllu L(lu)ﬁiim::‘d
NeDonald (1982), we coded cach handshape according to Iloulvr- 1]m|l“.; mé
the shape of the palm, the distance between the fingers ant t e ‘l:‘u‘lr.:.u "
number of Angers extended, and the presence or sbsunce of sp-r.ca g )LJIW‘.LL,

the Hngers. We coded handshapes commuously. along each (-”T“-;;‘I-:H“_’]
without establishing a priert either discrere cateyorics or hOUI?(l&}rlL'h.‘ ! 1ul>:
for example, we wrote down the estimated distance {m inches) I)UF-WLLJH ; \L‘
fingers and thumb of a particalar h'.-lnd:?'hape :-J.nd did not try to force tha
har.dshape into a limited st of thumb-Fnger distances, R

“I'o determine the meanmng of each handshape lorm, we first histed allo
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olyecis represented by cach handshape form used in the 1-motion gestures
{pestures contaming only a single motion) that David produced during one
Cseasion, the session gt sige 3; 0, We then determined whether the set of
oiects assochted  with a particular handshape form shared a2 common
attmibate or set of attriutes, 11 so, we took that common core o be the
mueaning ot the particular handshape form. We then used these
paurings o code the videotapes of the six remaining sessions.
In principle, it is possible 10 establish form /rmeaning pairings by reversing
this procedure, that s, to begin with meaning by yrouping all objects with a
pacticular churactenstic (e.g. all objects that are curved) and then 1o
determine form by ushing whether those objects are represented by the same
handshape, However, it s dithicult, of not impossible, to classify objects o
priori using this system. For example, a turtle could be cansidered a curved
shicet, an animate object, or a wide object depending upon the aspect of the
turtle that the child s focusing on. Moreover, there 15 no chvious reason to
cxpect the child to use the same handshape for the tortle as curved object, for
the surtle as animate object, and for the turtle as wide object. By begioning
our search for form fmeaning pairings with handshape ForMm, we are allowing
the chiid's behaviour to guide us in categorizing objects, Thus, the turtle
would be considered a curved object when the classification by handshape
furm places 1€ among a group of objects that are curved, an animate obhject
whien the classification by form places 1t among a group of objects that are
animate, etc. In this respect, David’s system may be comparable to ASL
(and, for that matter, all classifier systems; see Craig, 1985) where s given
referent can be represented by o variety of classifier handshapes depepding
upon the saliency of certain perceptual and functional features (see Wilbur,
Burnstein & Kantor, 1985). [t is worth noting that, in their exploration of
huw 10 best characterize a ser of semantic elassifiers in ASL, Wilbur ef af,
(1985) also began with form rather than meaning (i.e. they presented their
subjects with a particular handshape form and asked which objects could be
represented by that furm, rather than presenting the subjects with an object
andl asking which forms could be used to represent that object).

form/meaning

Cading mation forms and meantngs. Motions were coded 10 terms of the type
of tragectory traced by the hand (linear path, arced path, circle) or the
mations of 1he hand in plage (revolve, open/close, bend, wiggle). In addition,
ares were distinguished in terros of length of puth (€ 7 inchea vs. > 7 inches)
and directionulity (umdirectional vs. bidirectional),

To determine whether cach of David’s nine motion forms was associated
with o particalar class of meanings, we listed all of the actions David
represenicd with each of 1the nine motion {orms in the 1-motion gestures he
produced during the session ut age 3511, We then determined whether the
actions msochied with o particular motion form shared certain common

536



PARENTAL ENPUT

. . i .
attributes. 1 5o, we teck that common core 1o he the ancanmz o the
" o . ‘ N 3 " N ) - "~
particular motion form. and used the resuling set of form/muaning pairings

H iadi ¥t

to code the videotapes from the remaiming six 3e8810035,

HRESULTS

Handikape morphemes - .
Handshape forms. We found that David used only 3 restricted number of
values on each of the four dimensions we coded (e shape of the pulm,
Jistunce hetween the Angers and the thumb, number ot ﬁngars‘uxlcndcd, .nﬁnd
presence or absence af spread between the fingers). Table 1 .dlspi'flys the hvu-
most frequent handshapes David used on these tapes described in terms ”[r
the rclev"m dimensions. 1 hese ive handshapes accounted for 4b4 (984} Of
all of the handshapes David produced (N = 473).

+ABLE 1. Description of David's handshape forms

—— —

HB?:::\EPC IDescription
e frl'n':li:(rsﬁt::i l::T:;nchiilgi:::uu?\i?d thumb wath 1/2 inch
N o less between the thumb and Anger(s) . ‘
C Index finger or 4 fingers bent toward thumb with 3 inches
betwean the thumb and finger{s)*
PALM 4 hingers extznded
POINT 1ncex hnger cxtended

« bent toward the thumb in the O and C handshapes, the ether

¥ i r wa  the :
' only the index finge into the psim or held sloppily in an untensed manncer.

y hrgers were either curted

Handshape formjmeaning mapping. We next aske.d \vhcl}'llfr .D:\.vu:v:x '!f\(.)llrl\:‘ll-l
shapes mapped inany svstematic way anto categories of m?amr-agl:al. ;\\ED e
that David used his handshapes in two ways: (1) 1? l"l.:‘p.l'l:bcn! a L ND as h
mzsinuiates an object, or (2) 1O represent the O.BJ ECT itselfl (lh‘t:bl:l(wl) t).(-p-i:,
of i‘u-r'd:}‘.:‘lpcs are reminiscent of handle classifiers un.d aof Sl:de;;lC‘ fc:rl\n:—
and shape classifiers, respectively, i'n ASL; see .Nchr.m;.lld, ufj.z‘,.‘.}% 1]:;":;
1987). For example, to describe a picture of a knfﬁ:. D.nwd Wp.ru‘ UL% ,q.tlhl ﬂ.d
hzndshape {with a back and forth mou.*mr:nt) which IﬂlrrOl‘.h 3 (.l.J;[:rl. ..1 o
manipulating a krife, und thus is an instance of a HAT‘\ID han H:le‘;, I
contrast, 1o describe the knife in a separate senu’:ncc, David pran.\;l(L:T j ra :h
handshape held perpendicular to the table (w:.xh the sn.mlc]tf)..u dd:; ' c;:”
maovement}, mirroring the Hat shape of the knife bhf(’Ec itse dn. r;::c. , .r:
meet:ng the crierion for an OBJECT handshape. T'he same hand/tinger
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condiguraton could be used to represent either o HAND or an OBJECT
marpheme in David's system. On one veeasion, David used a C handshape
to represent handling a cup — where the handshape mirrered the handgrip
araund the cap [HANDI At another time, he used the same C handshape o
represent the shape of a cowbhoy’s curved legs as the cowboy sits astride a
hone [OBJECT .

Table 2 desenibes the meanings found to be associated with the HAND
and OBJECT handshape forms in the session at age 3, 11, as well as examples
of the ohjects represented by each hundshape form/meaning pairing. Table
2 aiso presents the total number of different types of objects represented by
cach form/meaning pairing and, in parentheses, the total number of imes
cach form/meaning paiting was used throughout the seven videotaped
seasions. We found that 368 (95 %,) of the 387 handshapes David produced
in his (-motion gestures during the seven videotaped sessions could be
classified into the form/meaning categories listed in Table 2. [n addition, 68
(g1} of the 75 handshapes 16 David’s 2-motion gestures (gestures that
contained two motions concatenated without a break 5o that both appeared
to be within the same gesture) were also found to conform 1o ihe form/
meaning categories established on the basis of the 1-motion gestures
produced during the 3:511 session. Exceptions to Table 2 consisted of
form/meaning mismatches, such as a IFist form used to represent handling a
small, sHonT (ruther than a long) object (e.g. a knob on a toy), or a Palm form
used to represent a round inanimate object (e.g. a ball meving farward),

It 1s impuortant 1o note that David’s HAND morphemes were not always
accurate representations of the way a hand grasps a particular ebject in the
real warld, nor were his OBJECT morphemes precise mimetic recon-
structivns of real world objects. For example, the same HAND form (the
FFist) was used to represent grasping a balloon string, a drumstick, and
hundlebars - grasping actions which require considerable variety in diameter
in the read world, David therefore appeared not 1o distinguish objects of
varying dinmeters within the Fist category. However, he did use his
handshapes o distinguish objects with small diameters As a sgY from objects
with laege diometers {¢.g. a cup, a guitar neck, the length of a straw) which
were represented by a C hand. David thus appeared 10 consign handshapes
1o discrete categorics, rather than utilize analog representations of “reul
world " vhjects.

Mation morphemes

Muotian forms. We found that David used eight different types of monons, as
well as 1 no-motion form, in his gestures (Pable 7). The motion forms
displayed in Table 3 account for 100%, of the gestures David produced
during these sessions (N = gi4).
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TADLE 2. Meanings of David's handshape forms’

OBRIECT murphemes

Icrmes

HaAND miorp

Tvpe

Trpea

_'.I.f\(;n_-

Aeaning

(tokens)

Neaning

ru-‘

2(3)

Bulky vbicct (c.g. hammer hrad

19 (70}

Handle small, lurig objest (¢ g. spaon.

FIsT

nsiick, balless strng. randlebiar i’

arw

6(1%)

round

Round compact ahject (e.g.

11 (102)

Handle small object (e g. crank,

hat, trec Lall, buhhle)

i1 ..dC:,l

PARENTAL

BN

51(7)

Curved object (e.g. cowhoy's legs

11 (z0)

Handle large object (c.g. cup, horn,

turi

around a horse,

g {43)

Flat wide object {c.g. fish,

fag. bird wings}

12 {30}

Handle fla

PALM

face {e.g. sides of 10y

vair back)

ag. cf

b
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tanLe 3. fescription of David's motion forms

Muvon form Description

LINEAR
LONG ARC

Hund maves in a straight path

Muand moves unidirectionally in an weed path > 7 inches in
|l.'m.:lh'

SHORT ARC Haisd moves unidirectionastly in an urced path < 7 inches in
length

ARCTO & IO
CIRCULLAR
OPEN/CLOSE
BEND
WG

NO MOTION

Hund maves bidirectionally in an arced peth of any length
Hand muoves in circle , wrist or ingers revolve

Hand or hngers apen und/or close

1 land or ingers bend

Fingers wigple

Hand held in place

The cot-otf for lengih of the path of an arc was extablished at 7 inchea by hrat categorizing
arcs geta long ares (> 10 inches), short arcs { < 5 inches), and intermediate arcs { > § and
< 1o mehes). We found that the long arcs were used primarily to represent change of
lovanion along a path, while the shuort arcs were used 10 represent change of position in
place; since the intermediate ures were used for both types of motivns, we arbitrarily
estubished the cut-off between shiort and long ares in the middle of the intermediate

catepgary (7 inches). Relhihiay for coding length of ures was o9 sgreement between wwe
conduery (A = 42)

Motion formfmeaning mapping. Table 4 presents the meanings of the motion
furms Duvid produced in his 1-motion gestures during the session at age
3; 01, The numbers in the table represent the total number of different types
of actions represented by each form/meaning pairing, and (in pareatheses)
the total number of times each motion form/meaning pairing was used over
the course of the seven videotaped sessions.

We found that Dawvid used his mortion forms to represent four different

types of change in the state of an object: (1) the Linear end Long Arc forms
represented CHANGE OF LOCATION along a path, either of an ubject (o1 persen)
movingon its own {c.g. bubble go up, we go Jown), or un object being moved
by a person (e, move coat, move spoen 1o mouth); (2) the Arc To & I'ro,
Circular, and Short Are forms represented CHANGE OF POSITION cither of an
nbject {or person) repositioning nself (e.g. wheel tip-over), or an object heing
repositioned by a persan (e g turn-over clay); (3) the Open/Close, Bend, and
Wipple forms represented CHANGE OF sHAPE either of an obiect altering js
own form (e, hubhle expands, fish bends [to swim]), or a hand altering us
sshape on an object (g, hand closes [uround toy bulb], fingers wipgle | o
strike piano keys]); and (g) the No-Aotion form represented NO CHANCE in
an oh'vet as i is held in place (e, hold bubble-wand [at mouth]} or as it
exasts (e, puzzleboard exists, bubble exasts),

We found that 39 ‘o) of the 43¢ motions in the 1-motion gestures
[David produced durmg the seven videotaped sessions could be classilied
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TARLE 4. Meantugs of David’s motion forms®

Tynes
Tvoe of mosion Form Mueaning {tokens)
l \'\_'('-l". Ol Lmcur Change of location by moving 1 (34)
1.4 t.»’\l JON ulong a puth (e buable
' goes upwird)
l.ony Are Chinge of tocation by moving 1y {24}
wlong w path, typically 1w or
from a particular endpoint
{e.x. penny arcs forward o Lank)
CIHANGE OF Arc To & Fro Repasition by moving back wnd 2 {t1g)
POSITION forth (e, wings flap}
Circular Reposition by moving in a circle 15 {37}
or ratating around an axis
{e.x. wheel rutates)
Short Are Reposition {or reorient) n 13 (71
place; reposition in order to
aifect another object;, or
reposition with respect o
another object or place
(e.g. wheel tips-over)
CHANGE DF Opuen/Close Open/felose, exandfeontract, or TITEO)
SllAi’I-l flicker onjoll {e.g. claw closes)
Bend Bend at juint {e.p. lish 2 (3}
bends to swim)
Wigple Wiprle back and furth 2{1})
{e.g. snow Huters)
NO CHANGE No Motion Hlubd in place or exist” 29 {41)

{e.y. huld bubble-wand u
mouth; bubble exists)

i

The leble contains the motions found in L):wid's.unc-r'nulitm Kestures d\..nmu{ the seven
videntaped sessiong The numbers reflect gestures in which motion was 'u.n:..'n.]c regirdlcss
of whettwes the corresponding hundshape cnulq be seen and coded. The lirst nuenber
represents the nuinher ol dilferent types of actions rc-;?rcscnﬂcd hy‘lhc moton, wd The
nurmber i parentheses represents the total number of times the motian wass used for that
mcaling ) ) )
bl atinbute signs were, by definition, produced witheut manon. We arbarrandy assiynad
the menring "exisin” o7 Cis " as a placeholdur for the no-motian companent uf these gestures
in the spsdvsis in s table. The absence of monon in attnibute Kestures may, ctf cunrse,
I mearvwgless, 10 so, the attrbule gestures should bc_ plossed only :'n wrma of the objeet
characterisiics they porirayed {eg. ROUNID, CURVED, ’Ui‘l.l\\"}, wned shoald e
irciuded aaly in Table 2 {handshape meanings) and not in this tble (mobon meanmg:!

vecarding to the form /meaning pairings listedd in Table 4. In addinon, by
FRL e 4 ! -
(wz ") of the 75 mations in David’s z-motion gestures conformed to the
form/meaning painngs estublished on the basis of the f-motion gestiees
produced during the session at age 311, Exceptans 1o I"ahle 3 consisted ol
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torm/meaming mismatches, such as a Short Arc form used 1o represent the
path of @ change of location (e.g. o turtle moving forward along a path; the
Short Are Torm tn David's system represents repositioning in place and
would have bren appropriate had David been describing a turtle fupping over
in one spot), or a lLong Arc form used to represent an object being
repositioned (e.g. swinging a hommer; the Leng Are forman David’s system
represents relocatung from one point to another and would have been
appropriate had David been deseribing moving the hammer from place 1 1o
place 2}

Handshape and motion combinations

We have shown that David's gestures can be described interms of handshupe
morphemes (i.¢e. handshape form/meaning pairings) and motion morphemes
(r.c. motion form/meaning pairings), We now attempt to demonstrate that
the pestures themselves were in fuct composites of handshape and motion
maorphemes, t.e. that handshape and motion are separable units, rather than
one unanalysed wheole. Since gestures are composed of hands moving in
space, it is not possible to Aind handshapes that are actually separated from
their motions. Nevertheless, if we find that a handshape 18 not uniquely
associated with one motion but rather i3 combined with several differem
motions 1n different gestures, we then have evidence that the handshape may
be an independent unit in David’s system. Similarly, if a motion i1s comined
with different handshapes in different gestures, we infer evidence for the
separatility of that motion.

The distribution of HAND and OBJECT handshzpe morphemes with the
nine motion morphemes s shown in Table 5. Lmpty cells in the table
represent handshape/motion combinations thet David did not use at all
during these sessions. T'he numbers in Table 5 represent the number of
dilTerent types of events represented by each pairing of a handshape with ane
of the nine motions; the numbers in parentheses represent the rotal number
of times 4 partcular handshape accurred with a particular motion. The table
containg Duvid’s 1-molion gestures, excluding those which were exceptions
to cither Tuble 2 (handshape form/meaning painings) or Table 4 {motion
form/meaning pairings).

Note that most of David's handshape morphemnes could be found in
combinution with more than une motion morpheme, and vice versa. As a

"result, David's gestures can be said to conform to a (ramework or system of

contrasts. As un example from David's HAND hardshapes of hew the
maorphemes of David's pestures systematically contrasted with one another,
the CHAND handshape was used in combination with the Shart Are motion
10 mean ' chanpe the position of a large object by hund' (e.g. pick-up bubble
jar). The same Shart Are motion when used in combination with a different
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handshipe (the Fist) meant “change the position of & small, Long object by
hand' [e., pull-out newspaper). In contrast, the same IMist handshape when
combined with a different motion {(the Are To & Fro) meant "maove a small,
long abject 1o and fro by hand’ (e.z. wave balloon string back and forth).

As an exumple from David's OBJECT handstupes, the C OBJECT
handshape was combined with the Linear motion to mean "a curved ohject
changes location” (c.g. a wrtle moves forward). T'his same Linear motian
when combined with a different handshape, Palm (Vehicle/Animate), meant
“a vehicle or nnimate being changes location” (e.g. Santa goes down; car goes
forward). In contrast, the some Palm handshape when combined with a
ditferent motion (the Short Arc) meant *avehicle or animate heing repositions
tsell” (e, sister sits)., The handshape morphemes in David’s gestures thus
formed a matrix or paradigm (albeit incomplete} with the motion morphemes
in the eorpus of gestures.

The development of Uie morphological system

‘I'he next analysis explores the developmental steps that David might have
tuken in arriving at this handshape/motion system of contrasts. We hypo-
thesize that David first developed his lexical items by focusing only on the
relationship between the form of his gesture and the event 1t represented.
Later, perhaps when he had accurmulated a suflicient number of gestures in
his lexicon, 1avid may have begun 1o consider his gestures in relation to one
another and may have organized his gestures around any regularites tha
appeared 10 his lexicon, For example, small, long objects tend to be held by
a fist - not always, but perhaps often enough so that fist-like handshapes
rmight have predominated in the gestures David created 1o represent
hundling smal!, long objects. David might then have made use of this trend
in his lexicon and organized his systermn of contrasts around it

IT tlus hypothesis §s correct, we would expect thar, early on, vach gesture
in Duy ' d's repertoire might represent a single referent rather than a class of
referents. For example, Duavid might use the C handshape in combinaton
with a Circulur motion 1o refer only to twisting a bubble jar lid, and the C
handshape i combination with a Short Are metion 1o refer only to
reposioning a cup. After initially generating each gesture in his system 10
map oato 4 particular event as 8 whole, David might later ‘analyse” his ser of
wholes into handshape and motion components which map onto classes of

“objects and actions, respectively. We would then expect that the C-hand +

(' cular comhimation, for exumple, would not only be used 10 mean *twist
the bubble jar Hd” but also ta mean ‘rotate the large knob ' or “move the
large 1oy in a circle'; that is, the C handshape in this and in other gestures
would be used to refer to a class of objects {objects with large diamelers that
can be grasped by hand) and the Circular motion in this and in other gestures
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vwouid be used tosefer toa clisss of actions frotating or moving ebjects around
dcent ¢opaet) U Pavid were to follow this developmental path, we would
expeet thay che handshape/motion combinatiens in David’s Liter sessions
would be wsed to represent classes of related events rather than individaal
CVUR s,

“able 6 presents the number of different types of handshape/motion
corbinations David used to refer to an mdividual event vs. o class of evens
for cact: of the seven sessions, Note that David used eight different sypes of
han dshape, motion combinations during the tirst session (age z510). How-
ever, vach of those eight combinations was used to describe only one event;
for example, he vsed the C-hand combined with a Circular motian to refer
exclusively 10 twisting open a jar. [t was nat until the second session {ape
2:11) that David Arst used a particular handshape/motion combinmation to
refer 10 mare then one event; that is, the C-hand + Circular motion
corbination would be used to refer to a variety of related vvents - opening
a)ar, rotating a wide knob, moving a train in a circle, ere. The number of
hindshape/motion combinations referring to a class of events (as opposed 10
an individuz! event) subsequently increased to 16 or more by age 3.1, I s
important to note that the onset of handshape/motion combinations which
refer 1o classes of events as opposed to individual events could NoT be
attnbuted 10 a general increase in the total number of gestures David
produced — David produced approximately the same number of character-
izing pestures during the first session (25 gestures at age 2;10) as he did
during the second and fourth sessions (2o gestures at age 211 and 30
gestures ai age 133). Thus, when Arst generating gestures, David appeared to
create each gesture to map, as a whole, onto an individual event. Only later

TaaLE b, David's use of gestures to refer to an individual event vs. a class of
erents®

Number of different types of
handshupe/motion cambinatinms

Referring 0 an Referrmg 1o a
Age mdividual event cluns of events
2,50 b o
RN 6 s
3:0 2 [+
13 L 4
1.5 9 5
3711 27 15
410 th 15}

P Thernunbers al cach age represent the total number of different types of handshape fmotion
combinatens PDavid used, classilied accordmyg o whethier cach combinution win psed 10
rofer to er indivadaal event va, a cluss ol evenrs,

pe?
545

CHILD [LANGUOAGE

did David aippear o Sanalyse” his ser of wholes inte handshape and motion
camponents which mapped onto classes of objects and ACHONS, Tespectively,
The developmental pattern seen in Tuble 6 is consistent with 1he hypnlhcs}s
that David's pesturey were inttially unanalysed wholes “sat were larer
orpanived i relation toone another to form a systern of contrasts,

DISCUSKTDN

We have found thi the gestures David produced during the twi-year period
under study formed a systern with structural regularities. 10 2ssess how
“lunguage-like' this struciure was, we compared David’s gestures 1o con-
venhonal languages in the same manual medality. We found 1hat the system
of handshape end motion morphemes developed by David is comparai’)lc in
browd outline to the handshape and motion systems that underlie can-
ventional sign languages such as ASL,. Not surpnisingly, however, the system
of subgesture cumponents developed by David is not as complex as the
morphological system underlying ASL., a language with a rich linguistic
history and shured by a wide community of signers.

Handshane and motion forms

The handshape and motion Torms found in David's gestures are also found
m ASL. In facr, the five handshape forms in David's Hestures are among the
most frequent in ASL (of, Klima & Bellugi, 1999) and are the unmarked
forms in ASL {i.e. they comprise the set of handshapes that can appear in the
subordiate hand of a two-handed sign, Battson, 1978). These handshapes
are also amony the first to be acquired by deaf children acquiring ASL from
their deafl parents (Mcelntire, 1977). In addition, the nine motion forms m
David's gestures are comparable to the set used by Newport (1981) and
Supalla (1982) to describe motion in ASL.

Moreover, the handshupe and motion forms found in David's gestures are
ntot Limited 10 convennional manual communication systems found only in the
United Stes. For example, Kendon (1987) has wlentified these same
handshipe and motion forms in the sign languages of seven central Australian
{\l)(!riginill groups. "Phere sign languages were developed by heuring speakers
for use as an alternative to speech during periods of mourning and in
connection with male initiation rituals when silence must he abserved. Four
:)F the five hundshapes in David's gestures are among the most frequent in the
sevens Aboriginal sign fanguages, and are the unmarked forms in those
.I;ergll:Ik'c.\' as well. "The enly one of Pavid’s handshapes that s relatively
mircqucm i the Aboriginal sign languages is the C handshape, whi(:l;
apprars in Jour of the seven sign languages. In addition, all nine of the
motions David vsed are found in the Aboriginal sign languages.

Dhavid's svstem of gestures is, however, much more restricred than either
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AL or the Aborigisl s Tanguapges deseribed by K-.-nfiun. .f\hll . .11\;?:-{&-.31:‘:4:‘-
ul PNy moere handshape and maoton forms lh.:n'\ the hnl]‘t“d.lh‘tﬂ l-L;‘\L:—':‘:: o
Liavid's pestures. Withur (19%7) lists 36 difterent hzuu.\\.umrl[f:- ] ”.w
appear in the frozen signs of ASL and 2t 1h'fu are lihf‘d as a!.u.sl:]u'r..s (n "
producrive sipns of ASL. In terms of motions, M?nm & Buiu;,.; kllt)?.J‘
describea set of rather complex motions that serve as n‘fﬂccuu-n:s mar L::-l:;‘
ASLL (.. a single thrusthike movernent combinming 4 br.wf‘t.wnmi n?;“_mtl(-“
a vircular metion and a lax, soft handshape; .wh-:n an ASL, sign 511.(‘1 .:sr.l‘ : N
is inllected with the thrust modutation, the infiected form means n; ;,( ]h,L. 1
casile’ or o be susceptible to illness ). None of l‘hf'ﬁc m'nw:tjncmt. 1:1.5 | )lt;;nl
cerved in David's gestures. 1.ike ASL,, the :\bortgm?ll sipn 1.|‘ngu.lg(_s m,f C
Z‘Z:ij; f‘nany more handshape forms than David: 45 d1l]'urc‘m. l;)rms :l:cr::w(q!
in toto across the seven languayes, and eu('!.\ ]anguugc uses lrr‘np'-z.l 1”
different forms. However, the set of motions an !hth:c A mrl;:l.rm ”:1;;,. ‘
anguages 's not much larger than l)aviQ's: nnl‘)' 1w moetion F}(.\rnﬂ.\ .:pi)::‘r.‘u
he Aboriginal sign languages but notan Dﬂ\‘-’!d s gestures, the Rnger snap,
Azt the hand rapidly trembled (Kcndon., 1().?\7). ,. N
In sum, conventional manual communication SYSIems.uPhcdrll(: Iu)nl‘.l ) !
of the hundshape and motion forms that ure found 10 D.wnd:s g;‘;t‘t\i:]:\
slthough they zalso contain many forms l‘hat dq Emt .a-'ppc‘a‘r. m\ “lr.m h.u
gestures, [hus, the particular forms found in David s B :.un.-:». .np;- .l_ b
basic forms, and as such might be vxpcuted.m appear in ‘-ln}‘-gt.b.‘llr.i .;)l,.d ll;
spontancous or conventional. There may, facF, be p'l")l.:('.‘h{\t s u-an ;Il:: L
‘he sign system iself that make these forms particularly h?«c. y to d]p,r:hl)m,i;i
manﬁa\ cé)mmunicution system. For cxamplc,. the hﬁﬂdbl’.\-lpL'b Ilhl Dovid
used appear 1o be fundamentally linked 10 nb]tut p‘trc.r.'plmnx}u.u m,,:‘ Im.d
ation. Rlatzky, MceCloskey, Dohcr(y, Pellegrino & Smith (u.; J)‘ r?a.r |’ |;“m!
handshapes according to prehensility and .the size of thc‘ _Lfazat:lLItfnl;‘). .‘,‘m-q
surface, a taxonomy resulting in four of the {-nl'e hund‘slutpcs iuun! 1.1”. k '.1 ! ”;
gestures Palm, Point, O, and C). Moreover, 10 hearing ::dults.\ K .|-u .\:le‘ ‘ l
found a dircet relationship between this 1axonomy and '(.hc :strllu’.ni}'(} .‘ml(\:
functional attributes of ubjects, suggesting that these particular n.mE \ mlfu k,
may function at a general Jevel as part of vur system for apprenendimg

objeots.

Handshape and motion e anings - -
“I'he meanings of David’s nine moton fnn.rn; fafl 1010 Il‘lt:..‘i:uTN: I-r”;::” n'(t?.u..
categories as do the motion mcun_ings aurllhu!c-d 10 _”TL‘ SI}:I‘I:\";), .: _”‘Ml;;;
change of location, change of position or orn.'nc;?uun, chunpe al = \I;L : Lo
changu; see Supulls, 1982). However, the details of lh? moton II\.L.H;I)'I.I.)_:“" "
l\.‘ii,‘ andd in [David's system differ. IFar example, the (..‘muurll'nrln'\Vm\qin 1:! ~.
$ysier represents change of location along an unspecified path, m AsL the
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Lincar form means move along a stringht path. As a second example, David
uscd ihree Torms 1o represent change of shape (Open/Close, Bend, anc
Wageled, while ASL uses four slightly different forms (Spread, Bend-tlat
Bend-round, and Change-diamerer, cach of which reflects a change in the
attributes of an object, Supalla, 1982). Moreover, as mentioned above, there
i3 large number of forms used in ASL to convey s wide range of inHectiona
and derivanional meanings that have not been found in David's gestures
(Ihima & Bellugr, to79).

[n addition, David's use of handshapes to represent objects parallels
ciosely the three ways handshapes are used in ASL (Wilbur, 1987: g1). (1)
I fandshapes represent the semantie class of an object (David's QOBJECT
handshape Palm representing vehicles and animate objects wvs, AS[.'s
semantic elassifiers | see Supalia, 1982; Wilbur, Bernstein & Kantor, 1985).
{2) Handshapes represent the visual-geometric characteristics of an object
{David's remaining OBJECT handshapes vs. ASL's size and shape classi-
Hers, of. Supally, tg82; Schick, 1987). (3) Handshapes represent the handyrip
used 10 manipulate an object (David's HAND handshapes vs. ASL’s handle
ur instrumental classifiers; see McDonald, 1982, Schick, 1487). However, in
cach of these three categories, the set of handshapes available in ASL is much
larger than David’s set and consequently many more distinctions can be
raade i ASL than in David's system (see Wilbur et al. 1685). As an example
from the semantic classifiers, David used one handshape, the Palm, to
represent the category of vehicles and animate objects (i.e, self-propeliing
objects), while AS1. has separate handshapes to represent humans, small
animals, vehicles, airplanes, and boats (Supalla, 1082 ; see also Wilbur, 1987
g9o}. As an exarmnple from the size and shape classifiers, David used one
handshupe, the €, 1o represent all curved objects, while ASL has a serjes of
handshapes that distinguish flat curved objects (a 1-fngered C), from shallow
curved objects {a 2z-fingered C), from deep curved objects {a 4-Hngered C,
Supalla 1982 see also Wilbur, 1987: g1-92). As a final example from the
mstrumental classifiers, David used the Palm ro represent handling all lacge,
Nat surfaces, while ASL makes a distinction between handling a wide Haish
bottumed object (fat palm with the thumb spread) vs. a flat plane (flat palem
with the fingers spread; MeDonald, 1982 see also Wilbur, 198%: g1-92).

Developmental comparisons to native ASL [earners

When deaf chifdren acquire ASL from their deal parents, they tend at the
carliest stages to use handshapes compurable in form and meaning to
David's. Supabla (1o82) studied the development of size and shape and
wermantic classitiers in verbs of mation and location in three deaf children of
deaf parents (ranging in age from 356 to 55 1), He found that all three of the
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chaldrer used what Supatla calted “primitive” handshapes, the Palm and the
Point, Two of the children used the Point for any category (as Duvid did i
his OBJECT Point = any ohject) while the third used the Point {for wide, Ha,
and eylindrical obyects. All three of the children used the Palm for animals,
vehicles, and woplanes (as did David), and one used the Pulm for wide, tha,
and eylindrical obyjects as well. Thus, even if provided with a conventional
sign language mode!, deaf children tend to use the same simple forms for the
same general categories as did David (see alse Kantor, 1980; Schick, 1989).
However, it 1s imporiant to note that, even by age 3:6, the children in
Supalla’s study were correctly producing the more specified handshapes fur
humans, animals, vehicles, and airplanes on a substantial number of the
stmuli = handshapes and distinctions not seen in David's gestures as late as
dge 4,10,

In addition, the course of David’s gesture development was comparable to
the development of signs in deaf children acquiring ASL (see Table 6). When
hrst generating gestures, David seemed to have created each gesture 1o map
onto a particular event; a stage reminiscent of the period during which deaf
children acquirings ASL treat their morphologically complex signs as un-
anulysed wholes (Newport, 1984). Later in development, David began 10 use
a s.ngle gesture to refer to a class of events - events that involved actions
shuring a common attribute (represented by the mation component of the
grsrture) and cbjects sharing a common attribute {represented by the
handshape component of the gesture). At this point, then, David's system
can be described in terms of components of gesture forms mupping onto
components of gesture meanings, rather than the whole gesture form
mapping onto a global, particular event. This latter stage is compar:ible to the
period when deaf children acquiring ASL begin to analyse the signs they
have learned as wholes and separate these signs into meaningful components
{Newport, rg84; see MacWhinney, 1978 and Bowerman, 1982, for descrip-
tions of a similar developmental pattern in hearing children acquiring
spoken languape),

tr sum, Dawvid’s gesture systern appears 10 coniain s SUBSET of the
handshape and motion components found in ASL. The similaritivs between
sign formsin ASL and gesture forms tn David’s system supgest that David’s
sermay reflect the units that are “naturat’ to a visual/manual language - units
that may form part of the basic framework not only for ASL morphoelogy but
also for the morphologies of other sign languages. An examination of the
carly stages of acquisition of sign languages other than ASI might shed light
en this issue, az would observations of spontaneous gesture svstems de-
veloped by deal children without access to a conventional sign language in

ucher culiares,
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Cesture development in hearing chililren

David’s pestures formed a marphological system that was far less complex
tl.nm the morphological system of ASLL, a conventional language with a long
hlslnlry and shared by a wide community of signers. The simplicity of
Dzw:d's‘ systemn relative to ASL points to the importance of 2 community 1n
generating and maintwining complexity in a linguistic system. Nevertheless
1t is |r.npnrltam to nute that David's gestures did exhibit structural reguiari(ic;
un.d, 1 this sense, went beyond the gestures typically produced by hearimyg
children learning spoken lunguage. Hearing children in the carly-ﬁlages otf,
spnkgn 1anguu_gc development do indeed gesture, and certain communicative
functions may even appear in gesture before they appear in speech {Goldin-
Meadow & Morford, 1985; Volterra & Caselli, 1986). Not surprisingly
hom_:wrl, speech comes to dominate over gesture in the hearing child and thisl
fj'umlnauun_typicuily occurs before the child's gestures become complex,
lhu.s, hearing children produce very few characterizing gestures overall
(Petitto, 1988) and rarely, if ever, combine characterizing gestures with one
another (Volterra, 1981).% Moreover, hearing children typically use many
fewr_r different types of characterizing gestures than the deal children in our
studies (Goldin-Meadow & Morford, 1985). Finally, hearing children tend
W use their characterizing gestures as names for partcular abjects (often
non-lrunspargu names developed in the context of interactive routines with
p\:—lrcnls, ¢.g. index fingers rubbed together to refer to 2 spider, Acredoio &
.(_;ooc‘lwyn, 1985, 1988) and, as such, their gestures do not appear to have the
internai handshape and motion structure characteristic of David's gestures
(nor, for that matter, do the gestures of hearing adults, ¢f. McNeil 1987)
The fact that the gestures of hearing children do not exhibin intra-'ges!urt;
structure. suggests that communication in the manual modality does not
me?vnuhly resull in structure at the word level. While gesture used as a
primary communication system (as in our deaf children) appears to assurne
mlr..*.-,;c:;;‘luru structure, gesture used as an adjunct to speech does not
necessardy do so.

We have previousiy referred to the language-like properties found in the
deal children's gestures as 'resilient’ (Goldin-Meadow, 1082) - properties

[2] Te s smporant o note that Wl 10 of the deal subjects in our studics  used

© characierizing 4 characrerizing combinations. In her descriptions of ourvurly wo:;‘
Valterra (1g8) mistskenly reported that our deaf subjects did not combine characterizin :
Kestures u..uzi-. ther churacteeizing gesiures, which led her to supuest (ha cunu:n:mn::
Irrzaistic input is necessary for the child to be able to combine characterizing gestures
Valterra's clum wus based on data Trom Goldin. Meadow (1979} and Feldmen er uf.
(%, Lhoth of w.hn'l' focus on sinple vne-proposition sentences and, g3 » result, Jdo null
drwuss characterizing + characterizing cumbinations which are complex scmcncc-s nour
coding scheme.
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that appear m children’s communicition despite uxtcnxivul virmtion of the
learning condivons (such % no exposyre toan .ci;ml)ln;h;-d‘|.‘m?;uuw‘-)..
Properties that develop under such extreme conditions ase likely to ‘:-.
amany the most basic and indispensable for a structured \.‘_.\lum of human
communication, and might be expected o be prrm-.-n n :l[.’l)" coherent
communication system. Uhat these same resihient prnp%--rncs e not
svsternatically used in the spontancous gestures ;1cuom.prnnymg the speech
ot hearing children underscores {wnd continues to clarity by contrast) the
language-like autare of the deaf children’s gustures.

STUDY 2: PARENTAL INPUT TOTHE DEAF CHULIYS
MORPHOLOGICAL SYSTEM

In Study 1 we found that (1) a limited set of discrete hundshape and motion
forms d.cscribcd the large majority of David’s gestures, 1.C. rhle fnr_m:; weTe
categorical rather than continuows, (2) vach hand.s.hapc or motion turm‘ wus
consistently associuted with a particular meaning .(r)r set of meanmgs)
throughout the corpus, ie. each form was mcamngful.: and (3) each
handshape or motion form /meaning pairing could be found in more than one
gesture, i.e. each form/meaning pairing was an independent morpheme that
could combine with other morphemes in the system - the system was
combinaterial. ' ‘

David was not exposed to u conventional sign lanpuage durmg t.hc time of
our study and thus did not *learn’ his gustural systermn in the traditional sense
of the w‘ord. Nevertheless, David was exposed to the spontaneous igcsturcs
his hearing parents used when speaking to him (as are hearing children of
hearing parents, +f. Shatz, 198z; Bekken, tyHg). These pestures could
conceivably have served as input to David's gestural system '.Jﬁ-d, therefore,
must be the background against which his gestural accomphshmuents are
evaluated. ) _

In our previous analyses of parental nput to Sc.ntt:nCc—\t'vcl structure m
David’s gestures, we found that, although Dm.'sd's Mmhcr did mALIccd
gesture, she produced relatively few gesture strings. For exarnple, anoan
analvsis of the videotapes taken when David was 2,50, 2,11, 310, 3:3. 315
and '3',5, we found that David produced an average of 33:¢ gesture strings per
hour wiile Mother produced only 15:6. Moreover, the rt‘\.#'-'-gl:.\'llll‘c strings
Nother did produce showed o differemt production p!'()?)uhli.ny pattern from
ihe pattern found in Duvid’s strings, and {unlike D_awd s strings) showed no
wusture urdering consistencies whatsoever (Goldin-Meadow & Mylander,
198 4). o

FHowever, during these samu videotaped sessions, David's mother was
found to produce single gestures MORE often lbun l)u.\'nd. Mother prudmlud
an average of 625 single gestures per hour while David produced only 39°5.
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In addimion, for both Maother and David, a large proportion of their single
pestures were characterizing (mimetic) gestures rather than deictic {pointing)
geatures: 667, o Mather's single gestures were characterizing gestures, as
were G109, of David’s, Thus, David’ys mother produced a substantial number
of characterizing gestures during the time when he was developing his
murphological system, and these characterizing gestures may have served us
a model for that system. The goal of Study 2 is 1o determine which aspects
of David's morphological structure can be traced to the gestural input
provided by his heanng mother and which aspects go bevond this input.

METHOL

All o the churacrerizing gestures produced by David’s mother during the
seven videoluped sessions analysed in Study 1 were coded and analysed. We
included only those gestures Mother addressed to David {264 of the 371
characterizing gestures she produced on the seven videotapes), omitting
from the snalyses the 107 gestures accompanying communications to others
in the room (c.g. hearing stblings, the experimenters, etc.).

We used the same procedures 10 code handshape and motion form in
Maother's gestures as we used in David’s gestures. To assess meaning in
Nother's gestures, we evaluated the gestures she produced in teems of the
form-meaning pairings established for David’s handshapes and motions in
Study 1. We compared Mother's gestures to David’s in terms of handshape

and motions forms, handshape and motion meanings, and handshape and
muotion combinations.

RESDILTS
Handshape and motion forms

Mother was found to produce the same five handshape forms and the same
nine monon forms as did David. Table 7 includes all of the (-motion gestures
produced by Mother and by David over the seven videotaped sessions, and
presents the proportions of gestures Mother and David produced for each of
the five handshape forms {upper portion) and for each of the nine motion
forms {lower portion). The table also includes miscellaneous categories
presenting the proportions of gestures that did not conform to the pre-
dominaot handshape and motion categories. The data for both Maother and
David are described almost completely by the five handshape and nine
motion categorics (Le. the miscellaneous categories contain no more than 3,
ol vither Duvid's or Mother's gestures).

Althuugh the reperwoire of forms used by Mather and David was identical,
there were diflerences in how often cach form was used. With respect to
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Tannk 7. Camparison of the forms of Mother's und Duval’s gestures

Hundshape forms

Mother

David
- Fist ol o 20
<) oL o0
C ‘o'o5 c o7
ralm ag] oo
Point o021 oo
Alscellaneous oo ooy"
"pral 21y 35%

Motion form

Muother David

Lanear Path ©og 009

Long Are a2y o uy
Shart Arc ozb o
Arc To & Fro oy a27
Careuluar oab oo
Open/Cluse LR ooy
Bend o'0o 00l
Wigple 002 o001
Mo Motion oo a1z
Miscellancous oG ooo
Total 261 41U

voAl of the one-motion gestures produced l-.f-' Mather and by Dlavid over the seven
wideotaped sessions are included in the 1able, Note that the _furrns pruduced hy [\,h.][.hcr nnd
Davad are exsenatslly described by the five handshape and nine matbon cateporics. The rotul
number of hundshape Torrmns is less than the total number of mation furms far both f\h)t].n:r
and David because 8 number of gestures werc pruduc:fl while the #:cslurrr wax holding
something in his or her hand, a manual analog n!‘ sp.cakmg with one's mouth f.rm. -

" The handshape miscellancous categary for Dawvid mclu'dcs three handshape '-.r_mhl(‘m-,
-ounting fur 11 gestures) which David used to represent single olyects (o thumb hd”‘.l“: Tape
1sed 1o represent pushing 8 sratl button; an L h:n‘dxhup:- used 1o Itprcscl\F 2 .H“"'I'md n‘
Vv handshupe used to yepresent scissors), Because there was nio c\.u-dumc that these u:ms
were used productively, these 12 handshapes are r.m? listed i Table z, nmrwu.q: tiey
ineludled 1n the form feneaning anatysss donc an David's handshapes dn-s_cnh...-d m the lc::|t.

If these hundshapes are included as violauons in the analysis, Wu.sulI‘ hnd‘lhl.‘i‘l gz,

(ah5/ 1941 of Dovid's handshape forms Ft the form/meaming categorics tisted mFable 2z

handshapes, the Palm form accounted for over half of Mmhcr'i; handshape
forms but (ulthough frequent} was no more likely 1o oceur in David's gestures
than the O handshape (which was relatively infrequent in Mothuer’s pestures).
\With respeet 16 motions, the Long Are form was the most frequent form in
SMother's pestures, while the Arc To & Fro form wus most frequent in
David's gestures (Table 7). "Fhus, David did not mateh his use of gextures to
Alother's with strict form-by-form [requency.
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Hendshape aud mation mewnings

T'o determine whether Mother used her handshape and motion forms to
convey the same meanings as David, we calculated the proporton of
Mother's gestures that conformed 1o David's system of form-meaning
pairings. For handshapes, we determined the proportion of huadshape forms
thiay Mother used to convey the meanings displayed in Table 2. For motions,
we determined the proportion of motion forms that Mother used to convey
the mcamings displayed in Table 4. We found thar only 50, of Mother's
handshapes (N = 219) and 51 %, of Mother’s motons (¥ = 262) conformed
to David's system. In contrast, recall that 959% (N = 398) of David's
handshapes and 9o %, (N = 43¢) of David’s motions conformed to the system
displayed in Tables 2 and 4. Mareover, 309%, of the 110 handshapes Mother
produced that did fit David’s system were classified as Neutral Points - the
handshape that, in a sense *faided” the form/meaning painng test (ef. Study
1, "coding handshape forms and meanings ') since it was used for a variety of
objects that appeared to have no attributes in common. In contrast, only 69,
of the 368 handshapes David produced that fit the systern were Neutral
Poinis. In addition, four of the morphemes in David's gestures {albeit the
leust frequent morphemes) were not found at all in Mother's gestures: three
handshapes (OBJECT Fist, OBJECT O, OBJECT Palm: Particls) and one
matien (Bend). Finally, the fit between Mother’s meanings and David's dad
not improve for either handshapes or motions over the two-year period
during which the patr was observed, Table 8 presents the proportions of
Mother’s gestures conforming to David’s handshape form-meaning pairings
(upper portion) and 10 David’s motion form-meaning pairings (lower
portion) for each of the seveo videotaped sessions. The data provide no
evidence for uny converging developmental pattern.

The gestures that Mother produced which failed to conform to David's
system were of two types. First, many of Mother's handshape and matian
forms-could not be assigned a specific meaning. We attributed meaning 1w
David's handshape and motion forms by interpreting these forms in context.
For example, it David were ta produce a swatting motion in the air, we would
examine the ongoing events for clues as to what that motion might mean (e.g.
if David were pluying a game in which Mother builds up a tower and David
hits it 10 knock it over, we would gloss the swatting motion as *hit’). One
quarier of the forms Mother produced could not be mapped onto objects or
events in the context. For example, while sitting with David near an array of
colowred toy fruity, Mother said * yellow ' and arced her hand from her lap 10
Lrer chan and back o her lap (an arc to and fro motion). Since the motion in
Mother's gesture did not mirror any aspect of the engoing situntion, we were
unable o attribute an icomce mesning to the mation form. 27% of the
handshapes (N = 219) and 27%, of the motions (N = 262) Mother produced
were of this type and were classified as uninterpretable.
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[ or's gesture weing to David's system of
TannLe 8. Propurtivn of Meoihe r's gestures confor z gu
ff)rm-memzmg prirings over timme

S —_——

Prapurtinn of Mother's
handshapes conforming 1o

Pavid's David’s handshape form- Trutal .\\.u'.h..-r's.
age muning pairmgs handshapes -
1110 o7 I
il 053 43
10 o 40 10
N o8} 70
35 ) 27
3.0 o 1b 2%
3010 o] 21

Proportiun of Mother's
rmotiang confurming te

David's David's motion form- Total Mather™s

age meaning parings MEGLIONS = _
S 210 0'sh %]

1ot o347 55

je 47 ;q;‘

3.3 O35

3.5 ot b

3.0t 037 3o

4,10 ose 22

uced by Muther over the seven videoraped sesnions are

L AMGHINE iy e ne s (N = 1873 of the handshapes and

ded m he table For comparson recall tha G5
e UL able. " 8 t : t . i
L gy ; o ; ‘
Yo N '.N -l}l)] ol the motons i the une-mosion goitures Dyavid [1[(.ldl’1t&L§ vonfoemy J o
h . §Le Uf‘ mndslmpr and maLun form- meanng panng I.!l!\‘)lly'cd in Tables 2 and 3 ":\L(
the systels

text).

[ addition, Mother often pmduccd.g‘csturcs whase Ill"ncunings \‘Jt'.T.L‘](:‘IL'.'l'F
but did net match the meanings of David’s g.l'sru[cs: 21" nfl\luth}-rl 5 .1|.|.m‘-
shapr- (N = 219) and 23", of Mother’s motions (N = 262) wc.-u: (,)_t t :.n\- ‘) Fw_ '
For exaraple, althouih Mother used her Palm handshape for the .s.;rm .‘-Lrlh n'
meamngs as David (ste Table 2), she also frequently I..Jlii:dl l}':'t d(]vrm !f:rr ,‘_),
range of other meanings (e.y. hnm.lle a ::m:”a.ll, a‘.hurl (Jh_]'l:(.ll, ‘”_1, htl ; ljll:\]
object; a round ohject; a curved object): 467, of the 03 qur;;r-ua (. k "
handshapes Mother produced were used to convey these (J(IJILJ;" m'::ll)I"‘F‘,;
compared o 6% of the 118 Palm handshapes Daw'd produce : u‘m nr y :'.
motions, although Mother used her Short Arc mtlllﬂj'l for the :mnj_ mL;Illilth
ae David {see Table 4), she also frcquentiyluseq the Torm for a range ()- ot -n:‘r
rmeanings fe.g. change locatian; hold an object in place; move h:n.nd tn;\_j(;ntl,.u'[
an chject)s 47% of the 58 {interpretable) S-hort Arc motions R nf \ILF‘
produced were used to convey these other meanings, compared 10 9%, (; tuui
30 Short Arc motions David produced. Thus, even when Mother produced
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pesture forms that were interpretable, the meanings of those forms were fess
constrained than were the meanings of David's furms.

Heandshape wd motfon combinations
.

We classiied all of Mother's gestures conforming ro David’s form-meaning
parrings for handshape () Table 2) and for motions (of. Tuble 4) according
to the particular hendshape/motion combination displayved in vach gesture.
We titted Mother's gestures into the handshape/motion matrix established
for Divid (¢f. Table 5) and found that Mother’s handshape/motion combina-
tions vssentially comprised a subset of the cambinations David produced.
David produced 80", of the 25 different types of handshape/moation
combinations Mother produced, while Mother produced only 379, of the 54
combinations David produced. Thus, 62925 of the 54 combinations David
produced could not be found in Mother’s repertoire. Consequently, even if
David wok Mother's gestures as a model for certain handshape/motion
combinations, he must have generalized beyond that input in order 10
produce the relutively large number of combinations found in his gestures
alone,

i“inally, in contrast to David, Mother used her handshape/motion com-
himttions to refer to individual events rather than classes of events {e.q.
Mother might use the C-hand combined with a Cirealar motion anly to refer
te vpening a jar and to no other types of actions or objects, while David would
use the C-hand 4+ Circutar motion combination ta refer to opening a jar,
rotating o wide knob, moving a train in a circle, ete.), Table g presents the
number of ditferent types of handshape/motion combinations Mother used

TAauLE g. Mather’s use of gestures to refer to an individual rvent vs. a class

of evenis*
5 Number of different types of

handshupe/motion combinasons

David’'s Referring 1o an Referring to a

aue mdividual evem cluss aof evenis
2,10 i }
.01 g o
1.0 3 o
21 9 4
1.5 13 1
3.1 S o
.‘, 10 4 n

*The nuenbees o each age represent the total number of ditferent types of nendshape /motion
combinations Motler used, classiicd accurding 1o whether each combinstion was ved o
reler e an indivadaal event va. a class of vvents.
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to refer 1o an andividual event vs.o 8 class of cvents at cach of I'I‘IL' sEVEI
videotaped sessions (only the subsct of Mother's gcslu'rcs thut conturmed to
David's handshane a2nd motion meanings 18 included in Ilhu: mblu)'. ‘I\:]nl!ltr
did not show u developmental pattern comparable to Q;.wnd s (see Table 0);
there wag no time during the seven sessions after which Mather bq:;_lnl to
consistently and robustly use a number of dlﬂ'crcm.handsh:fpc/monon
combinations o refer to classes of events. Thl.!.‘;, unhkcl Du_vul, Maother
appears to have uscd most of her handshape/motion combinutions as labels
for individual events, a strategy suggesting that Mother treated cach gesture

as an unanalysed whole.

DISCUSSION

We {ound in Study t that David's gestures could be char‘aclcrizud by .u
productive system of handshape znd motion compeonents. Could Mother's
gestures have served as 2 model for this productive sysrtem? All -\)l:lt four of
the handshape and motion morphemes that ch?\ractcnzed Davu';l § system
could be found in Mother's gestures and, in this sense, Mother's gestures
may have provided a model for David. However, Mother u§ed the f‘orm.-
meaning pairings found in David's gestures only 50"’/1, of the time, mukmgAn
necessary for David to filter his Mother's gestures in order to use them :1::‘;1
maodel. One nossible sieve that David might have used to filter Mother's
gestures is comprehensibility ; that is, David may have sf:lrclcd anly those
gestures that he found comprehensible as a rnodel for his system. Indeed,
approximately 25% of all of the gestures Mother produced were ulnmtt.'rprr.:-
table to us and were likely to have been uninterpretable to the child as well.
Of the remaining 75 % two-thirds fir David's system and could have served
as 8 (still samewhal noisy) model for David’s gcstu‘res_ '

Thus, our data are consistent with the hypothesis that David may have
made use of Mother's gestures, albeit in Aliered form, as .alb:ms for
constructing the units of his morphological system. However, it iy .nmp.nrmm
te note that Diavid had gone beyond Mother's gestures, ;.;cm-ra.hzmg n .lwu
directions : (1) David produced aimost all of the Imndshype/m_o}mn cambrinu-
tions that Mother produced (20 of Mother's 25)-bu{. in ;ld(’hlmn, prr':duccd
another 14 combinations that were not fOL.lI'ILl in Mothcrs repertoire. In
ordet to ga beyond Maother's gestures as he did, David must Ihavc isalated ?hu
handshape and motion dimensions and used them as a basis for penerating
his novel combinations; (2) Mother used her gestures to reter 10 uu{wudu.nl
events, while David used his to refer to classes _of related events. 1 hus,. in
C ')r‘lSlFL‘lL'[i.n;!{ the referents of his gestures, Dawvid gcnttrnhzcd beyond in-
dividual events, using the internal handshape and mouon structure of his
gestures as the basis for those generalizations. _ ' |

In sum, there appeared to be sufficient siructure in Mother's gestures to
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allow Dhavid 1o use those gestures in construcung word-level structure, Bure,
i he did mnke use of this input, David mast have scarched throogh a fair
amount of noise i order o arrive at the structure in VMather's pestures,
Morcover, David treated the structure in Mother's gestures as a starting
polnt, using 1t o gencoglize to novel combinations and 1o novel referential
uses,

David's process of siftng through and organizing the gestural input
availuble 1o him is comparable to the process postulated for a deaf child de-
veloping ASL. on the bases of kess-than-perfeet input. Singleton & Newport
(1587) huve described the marphological competence of one deal child,
mamed Siman, whose language-learning situation was unusual in that his
only source of ASL input came from his deaf parents who learned ASL after
the ape of 15, When presented with tilined events designed to test knowledye
of ASL morphalogy, Simon's parents performed below the level achieved by
deaf adulis who learned ASL from birth. Despite the fact thas this imperfect
madel was Simon’s only contact with ASL, Simon’s performance on the
morphoelogy tests was excellent, equalling the test scores of deaf children
exposed o intact models of ASIL, and exceeding the test scores of his parents.
Sitmon aliered the input provided by his parents in two ways: (1) On tests of
stem morpholeogy in verbs of motion, Simon’s parents’ most frequent
response 10 cach morpheme was, in fact, slmost always the correct response
and the response given by Simon. However, Simon at age seven, gave this
correct response more [requently than his parents {(Singleton, 1687). Thus,
there was a certain amount of noise that Simon had to searchthrough inorder
to discover the morphological regularity in his parents’ signs. (2) On tests of
aspect/number verb inflection, Simon's parents performed accurately on
singly-inflected verb forms but not on multiply-inflected forms. In cantrasr,
Simon, at age nine exhibited proficiency on both forms, recursively applying
the appropriate single inflections to arrive at the correct multiply-inflected
forms (Singletn, 1989). Thus, Simen had generalized beyond his parents’
systems, combining inflections despite the fact that he had not received an
explioit model for such combinunons.

Both Simon and David appeared to have gone beyond the input they
received, fineding structure in noisy arrays and uwsing that structure to
peneralize beyond their models, In this sense, we suggest that the children
seemed (o be tready ' w find structure in their respective inputs. Nevertheless,
11 important to nete that the type of structure available 1n those inpuis was
crucial in detenmining the complexity of the linguistic system each child
developed. Divid was exposed 1o an array of gestures thae his hearing mother
used as an adjunet o speech and, by a process of sifting and restructuring,
may have developed the rudiments of a morphological system out of those
pestures, In contrast, Simon applied those same processes of sifung and
restructuring ta input (zlbeit inconsistent input) from a conventions sign
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funpunge and developed o well-formed | organmized morphological system that
was virtually mdissingoishable from the morphologica systems developed by
deaf children learming ASL fram intact models. 'Thus, not surprisingly, the
complexity of the inputs the children received played a significant role in
determining the complexity of the morphologieal system cach child mduced,

We have shown thar the morphological structure David developed in his
gestures was, at east in part, ‘out there’ in his Mother's gestures wnitin;?' 1o
be discovered. However, it is impostant to stress that the morphological
structure in Mother's gestures was well hidden, It is unlikely that we, as
researchers, would have found morphalogical structure in Mother's gestures
had we not looked for it with David’s system in mind, Moreover, a
description of Mother's gestures in terms of morphological structure may not
be the best way 1o characterize those gestures; after all, there was a groat deal

of noise in Mother's gestures (particularly when considered from the point of

view of David’s system) and little evidence of productive or combinatorial
regulanities, Indeed, in his deseriptions of the spontancous gestures typically
produced by heuring individuals, AeNeill (1985) has shown that spontaneous
gesiures make lictle sense by themselves, but form an integrated sys_tcm with
speech and should be desceribed in conjunction with speech. MeNeill (1987,
in press) further notes that, in general, there is no composition out of parts
(1.&. no system of contrasts) in the spontancous gestures of hearing individuals
and cach gesture exhibits a meaning us a whole, Since all of Mother's pestuires
were produced with speech (not surprisingly, given that Puvid’s mother way
committed to teaching her child spoken English), it is hkely that Mother's
gestures also formed an integrated system with speech. Many of Mm_hcr's
gestures wmeh were uninterpretable when analysed wi(h. [h(? techntgues
developed 1o analyse David’s gestures - a primary communication system -
might have been quite meaningful when analysed with a system developed to
code gesture in relaton to speech (cf. McNeill, in press).

"I'he marpaological structure in Mother's gestures can be thought of as a
hidden kgure incorporated within the larger piciure of Mother's pesture/
speech system. Hidden fgures are generally much casier to ind il one knows
that a figure i~ n fact somewhere 1n the picture, and if one knows what 1ype
of hgure io search for. Given our knowledge of David's gesture system, we
were shle o ind a (notsv) morphelogical structure within Mother’s gestures.
xtrapo ating to David, we suggest that, in order to find morphologicat
structure it M other’s gestures, David must have had a prior belief that there
would be structire in those gestures, and a prior belief about what type of
structure bie would find, ‘

As in the pormal language-learning situation, structure was available for
discovery ' David's input. What makes David's situation unigue is that
there \\a;; fur more noise obscuring the structure in David's input than in the
ty pical Lanpuage- learning lsiluatiun. The fact that David could Tashion the
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rudiments ol o marphological system out of the notsy and limited inpus
avithible to him sugpests that seme aspects of hinguistic analysis may be
puwided by fictors internal to the child. At the very lezst, our data suggest thu
children will seck structure at the word level when developing svstems for
cammunication, and that they will recruit whaterer input is available -
conventonal or otherwise - in order to develop that structure.,
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