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Chapter 12

Levels .% Structure in @ Communication System
Developed without a Language Model

Susan Goldin-Meadow and Carolyn Mylander

The Resilience of Language Development

Language is a robust phenomenon mastesed by children experiencing a wide
range of cnvironments (cf. Wimsatt, 1981). Despile great variability in patiems
of child—carctaker communications (e.g. Miller, 1982; Ochs, 1982; Pye, 1986;
Schieffelin, 1979), virtually all children in all cultures master the language to
which they are exposed. However, there do appear to be limits on the robustness
of language development in children. If, for example, a child is not raised by
humans (c.g., Lane, 1977) or is raised by humans under inhumane conditions
(e.g., Curtiss, 1977), severe breakdowns in language development will occur.

Morcover, not all properties of language appear (o be equally robust in the face
of variations in environmental conditions. Certain propertics of language have
been found to develop in environments that deviate dramatically from typical
language-leaming environments, while other properties of language have not.
For example, Sachs and her collcagues (Sachs et al., 1981; Sachs and Johnson,
1976) studied the language development of a hearing child who was exposed to
an impoverished model of English by his deaf parents and found that this child
developed some of the propestics of English but failed to develop others. Thus,
the child's dearth of linguistic input appeared to have had differential effects on
his language development.

By observing the cffects of variations in the linguistic environment on the
development of language in children, we can hope to delermine which properties
of language will develop in child language across a wide range of linguistic
environments, and which properties of language will develop in only a relatively
narmow range of environments.

In our work, we focus on isolating those properties of language whose
development can withstand wide variations in leaming conditions—the *re-
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silient"" properties of language. In an altempt to determine which properties of
language can be developed by a child under one set of degraded input conditions,
we observe children who have not been exposed (0 any conventional linguistic
input. The children we study are deaf with hearing losses so severe that they
cannot naturally acquire oral language. In addition, these children are born to
hearing parents who have chosen not to €xpose them to a manual sign language.
We have found that these deaf children, despite their impoverished language
leaming conditions, develop a gestural communication system that is structured
in many ways like the communication systems of young children leaming
language in ordinary linguistic environments (Feldman et al., 1978; Goldin-
Meadow, 1979, 1982; Goldin-Meadow and Mylander 1983, 1984).

In our previous work we demonsirated that the gesture systems our deaf
subjects develop are structured at the sentence level of analysis; specifically,
order and deletion patterns are identifiable across geslures in a sentence. How-
ever, natural languages, both signed and spoken, are known to be structured not
only at the sentence level but also at the word or sign level. If a hicrarchy of
structured levels is common to all aatural languages, it becomes important to ask
whether the deaf children in our studies display such hicrarchical structure in
their gestural communication as well. In other words, we ask whether hierarchi-
cal structure is also a **resilient’’ property of language.

The primary objective of this study is to determine whether the deaf children's
gesture systems are structured at this second level, the level of the word or sign.
Thus, we ask whether structure exists wirhin gestures as well as across them,
and, if so, which aspects of structure at this level can be developed by a child
without the benefit of a conventional language model.

Background

The sign languages of the deaf are autonomous languages that are not deriva-
tives from the spoken languages of hearing culures (Bellugi and Studdert-
Kennedy, 1980; Klima and Bellugi, 1979; Lane and Grosjean, 1980). A sign
language such as American Sign Language (ASL) is a primary linguistic syslem
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
(Fischer, 1975; Liddell, 1980), morphological (Fischer, 1973; Fischer and
Gough, 1978; Klima and Bellugi, 1979; Newport, 1981; Supalla, [982; Supalla
and Newport, 1978), and “‘phonological™ (Battison, 1974; Lane et al., 1976;
Stokoe, 1960) levels of analysis.

Deaf children bom to deaf parents and exposed from birth 10 a conventional
sign language such as ASL have been found 10 acquire that language naturally;
that is, these children progress through stages in acquiring sign language similar
to those of hearing children Bcquiring a spoken language (Caselli, 1983;
HofTmeister, 1978, Hoffmeister and Wilbur, 1980; Kantor, 1982; Newport and
Ashbrook, 1977). Thus, in an appropriate linguistic environment, in this case, a
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signing environment, deaf children are not handicapped with respect to language
ming. )

_omzoswcn_.. 90% of deaf children are not born to deaf parents who could _z.oe.ao
carly exposure to a conventional sign language. wu_._..oq. they are born to __n»._.___m
parents who, quite naturally, tend 1o expose their children to speech Azo_._.a.n.m_n_.
and Wilbur, 1980). Unfortunately, it is extremely uncommon for deaf n_.__n__d.:
with severe to profound hearing losses to acquire the m_uorn.m _n..._ws..mo of ._.a...
hearing parents naturally, that is, without intensive and specialized instruction.
Even with instruction, deaf children's acquisition of speech is markedly ._o_n«o._
when compared either to the acquisition of speech by hearing children of hearing
parents or lo the acquisition of sign by deaf children of deaf parents. By age 5 or
6, and despite intensive carly training programs, the average profoundly deaf
child has only a very reduced oral linguistic capacity (Conrad, 1979; Meadow,
1968; Mindel and Vernon, 1971). . .

In addition, unless hearing parents send their deaf children to a school in
which sign language is used, these deaf children are not likely to be exposed to
conventional sign input. Under such nonpropitious circumstances, these aan
children might be expected to fail to communicate at all, or perhaps to communi-
cate only in nonsymbolic ways. This tums out not to be the case.

Previous studies of deaf children of hearing parents have .&.oi: that these
children spontaneously use gestural symbols to communicale even if they are not
exposed to a conventional sign language model (Fant, 1972; Lenneberg, 1964;
Moores, 1974; Tervoort, 1961). These gestures are conventionally referred fo as
"home sign.”* Most of our work has focused particularly on the structural
aspects of deaf children's home sign.

Syntactic Properties of Deaf Children’s Home Sign Systems: |
Structure across Signs

The heuristic we have adopted in describing the deaf n_.mr__“n:.m home sign
systems has been to determine which of the properties of early child language can
be found in the deaf children's gesture systems. We have observed the home sign
of 10 deaf children of hearing parents and found that all 1O children developed
gesture systems comparable in many respects to early child language (Feldman et
al., 1978; Goldin-Meadow, 1979, 1982; Goldin-Meadow and _un_a_a.ma. 1975,
1977; Goldin-Meadow and Mylander, 1984). In addition, we m=<o.m=mu.2_ the
possibility that the deaf children might have leamed their home sign mua._n:_m
from their hearing parents. In particular, we asked whether the parents, in an
effort to communicate with their children, generated a structured gesture system
that their children then imitated, or whether the parents shaped the structure of
their childsen’s gestures by patterning their responses to _rcam gestures. We
found no evidence supporting cither of these hypotheses (Goldin-Meadow and
Mylander, 1983, 1984), )

The deaf children in our studies developed gestures that function as words do
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in the sysiems of hearing children leaming conventional spoken languages, and
as signs do in the systems of deaf children learning conventional signed
languages (e.g., ASL). The children in our studies produced two types of
gestures: (1) deictic signs used to refer to people, places, or things (e.g., a
pointing sign at a snack), and (2) characterizing sighs used 1o refer to actions or
attributes (e.g., a fist held at the mouth accompanied by chewing [EAT]).! In
addition, the deal children combined their signs into strings that function as do
the sentences of early child language in two respects: (1) The deaf children's sign
sentences express the semantic relations typically found in early child language,
with characterizing signs representing the predicates and deictic signs represent-
ing the arguments of those semantic relations. (2) The deaf children’s sign
sentences are structured as are the sentences of early child language; specifically,
there are order and deletion patterns identifiable across signs (or words) in a
sentence (e.g., the sign for the patient’ role [snack] is likely 1o precede the sign
for the act predicate [eat]). Morcover, the children exhibited the property of
recursion in their sign systems and generated novel, complex sentences (contain-
ing at Jeast two propositions) from combinations of simple one-proposition
sentences. For example, one child pointed at a tower, produced the HIT sign [fist
swatting in air] and then the FALL sign [flat palm flops over in air] to comment
on the fact that he had hit [act,] the tower and that the tower had fallen [act,)).

In sum, in our psevious work we found that deaf children, even without the
benefit of a conventional linguistic model, can develop gestural communication
systems that display some of the struciural properties of early child language—in
particular, structural properties at the level of the sentence. Thus, it appears that
the human child has strong biases to communicate using strings of lexical items
and to structure those strings in language-like ways.

Structure at a Second Level?

As described above, our previous work focused on the structural regularities
across signs in our deal subjects’ gesture sentences. For the purposes of this
**syntactic” analysis, we treated each sign as the minimal meaning-bearing unit.
However, in the process of examining the corpus of signs produced by each
child, we began to notice certain subsign forms (e.g., handshape and motion)
that seemed to be associated with consistent meanings and that, fusthermore,
secmed to recur in the composition of different signs. For example, one child
used the same motion form (moving the hand to and fro) to mean *“movement
back and forth®* in at least two different signs: once with a fist handshape
{resembling a person’s hand moving a knife back and forth) and a second time
with a fTat palm handshape held vertically (resembling the knife itself moving
back and forth). In addition 1o suggesting that the child can focus cither on a
person acting on an object or on the object itself in generating a sign, this
example also suggests that handshape and motion might be separable forms
associated with distinct meanings that combine to form signs in the child’s
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gesture system; that is, the example suggests that handshape and motion function
as morphemes in the deaf child’s gesture system.

Examples of this sort do not by themselves provide evidence of a &.2«3.%
handshape and motion morphemes; selected examples may not be representative
of the way in which the child constructs his entire lexicon. In order to argue that
the deaf child's signs are consistently divisible inlo handshape and motion
morphemes, we must review the entire corpus of characterizing signs and ask
whether the set of signs meets the following criteria for structure at the level of
the sign:

1. Isthere a limited set of discrete handshape and motion forms in -._n child’s
corpus of signs? i.c., are the forms calegorical rather than 8:.....:.......&

2. Is a particular handshape or motion form consistently associated s_.___ a
particular meaning (or set of meanings) throughout the corpus of signs?
i.e., is each handshape and motion form meaningful? N .

3. Does a particular handshape or motion fomVmeaning pairing appear in
more than one sign? i.e., is a particular form/meaning pairing an ._an_a_m-
dent morpheme that can combine with other morphemes in the system—is
the sysiem combinatorial.

)
The present chapter focuses on structure across 8:._3.8:._@ A..”.Rv:oaﬁm
within a sign; that is, we focus on structure at the _....ﬂoam.o_an_nu_ _n“.n_. 9_.“
search for morphological structure in the deaf chi ren’s gesture systems
guided particularly by recent research on morphology in ASL. We begin by
reviewing the findings of this literalure that are relevant (o our analyses.

b ]

Morphological Properties of the Deaf Child’s Home Sign System:
Structure within the Sign

Early research in ASL suggested that verbs in ASL, unlike verbs in m_xw_aa
languages, appeared 10 be continuously varying forms constructed on the basis of
analog representations of real-world events (DeMatteo, 1977). In other words,
ASL verbs were thought not to be divisible into component pants, but 3:.2..&2.«
considered unanalyzable lexical items that mapped, as i_.o_o...”. onto events in the
world. Subsequently, verbs in ASL (particularly, the _._.,.:m:m verbs of __.wc:o.;
have been more accurately described as combinations of a limited set of discrete
morphemes (McDonald, 1982; Newpost, 1981; Supalla, 1982). For example, to
describe a drunk's weaving walk down a path, an ASL signer would not
represent the idiosyncrasies of the drunk’s particular meanderings, but .ic.._n
instead use a conventional morpheme representing random movement (i.c.,
side-to-side motion) in conjunction with a convenlional morpheme representing
change of location. Mimelic verbs in ASL have been ...__oi.._ ..o be nc__m.:.nm&
from discrete scts of morphemes and 1o include, at a minimum, a molion
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morpheme combinied with a handshape morpheme (McDonald, 1982; Newport
1981; Supalla, 1982). '

Morphemes in ASL (as in spoken languages) have been organized into frame-

works or matrices of oppositions, referred to as *‘paradigms’’ (cf. Matthews
1974). For example, the motion form *‘lincar path’ (representing change om
location w_oam a straight path) can be combined with any number of hand forms
representing agents of actors (e.g., inverted V = human; a bent inverted V = an
animate nonhuman; thumb + two fingers held sideways = a vehicle). These
combinations create a set of signs whose meanings are predictable from the
meanings of the individual motion and handshape elements (i.¢., a human moves
u_oJm a straight path, an animate nonhuman moves along a straight path, a
vehicle moves along a straight path). In another example, a different motion
form (e.g., **arc path,”” representing change of location along an arced path such
as a jump forward) can be combined with any of these same handshape mor-
phemes to create a set of signs whose meanings are also systematic combinations
of the component parts of each sign (e.g., a human jumps forward, an animate
nonhuman jumps forward, a vehicle jumps forward). Thus, many of the verbs of
ASL can be described in terms of a combination of handshape and motion
morphemes that together form complete paradigmatic sets.

To determine whether our deaf subjects’ gestures can also be characterized by
systematic combinations of meaningful forms, we selected one of our original
subjects (David) and analyzed the characterizing signs (i.¢., the mimetic signs)
he produced during naturalistic play sessions videotaped in his home when he
was 2,10, 2;11, 3;0, 3;3, 3:5, 3;11, and 4;10.* These ages span the age range
during which both deaf (Supalla, 1982) and hearing (MacWhinney, 1976)
children learning conventional languages have typically already begun to acquire
certain morphemic distinctions.

The videotapes of David were coded initially at the sign level according (o a
system described in detail in Goldin-Mecadow (1979) and Goldin-Meadow and
_sw_.n_an_. (1984). We then coded cach characterizing sign produced during these
sessions in terms of its handshape and motion. Reliability between two indepen-
dent coders ranged from 85 to 95% agreement for handshape and from 83 to 93%
agreement for motion.

E..“ begin by analyzing, first, the forms and meanings of the handshapes David
used in his signs and, then, the forms and meanings of the motions in those signs.
We next describe the combinations of handshapes and motions that occurred in

the corpus of David's signs. Finally, we describe how motions combined with
other motions in David's signs.

Handshape Morphermes

Handshape Forms. Following Supalla (1982) and McDonald (1982), we
omx_nn cach handshape according to four dimensions: the shape of the palm, the
distance between the fingers and the thumb, the number of fingers extended, and
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the presence or absence of spread between the fingers. At first, we coded
handshapes continuously along each dimension without establishing a priori
cither discrete categories or boundaries. Thus, for example, we wrote down the
exact distance (in inches) between the fingers and thumb of a particular hand-
shape and did not try to force that handshape into a limited set of thumb-finger
distances. We found, however, that David used only a restricted number of
values on each of the four dimensions. Table | displays the five most [requent
handshapes David used on these tapes described in terms of the relevant dimen-
sions. These five handshapes accounted for 98% of all of the handshapes David
produced (N = 472).

The remaining 2% of David’s handshapes not represented in Table 1 were V
(two fingers spread apart and extended), L (thumb and forefinger extended at
right angles to each other), Thumb (thumb exiended), F (thumb and finger
touching with the other three fingers extended in the **okay’” sign), and W (three
fingers spread apart and extended). Each of these infrequently produced hand-
shapes was used to represent only one object throughout the tapes (e.g., the v
was used 10 represent scissors, the L was used to represent a gun). We saw no
evidence that these handshapes participated in a generative way in David's sign
system and, as a result, we eliminated them from further analyses.

Handshape Form/Meaning Mapping. We next determined whether David's
handshapes mapped in any systematic way onto categorics of meanings. We
found that David used his handshapes in two ways: (1) to represent a HAND as it
manipulates an object, or (2) to represent the OBJECT itself. For example (as
described above), to describe a picture of a knife, David produced a Fist
handshape (with a back and forth movement) that mimors a cutter’s hdnd
manipulating a knife, and thus is an instance of a HAND handshape. In contrast,
to again describe the knife, David produced in a scparate sentence a Palm
handshape held perpendicular to the table (with the same back and forth move-
ment), mirroring the flat shape of the knife itself, and, therefore, meeting the
critesion for an OBJECT handshape. The same hand/finger configuration could
be used to represemt cither a HAND or an OBJECT morpheme in David's

Table |. Description of Handshape Forms

Handshape Form Description

Fist Fingers and thumb curled into palm

o Index finger or four fingers bent toward thumb with % inch or
less between the thumb and finger(s)”

c Index finger or four fingers bent toward thumb with 3 inches
between the thumb and finger(s)®

Palm Four fingers extended

Point Index finger extended

*If only the index Minger was beni loward the thumb in the O and C handshapes, the other three
fingers were either cusled into the palm or held sloppily in an untensed manner.
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system. On one occasion, David used a C handshape to represent handting a
cup—where the handshape mimored the handgrip around the cup [HAND]. At
another time, he used the same C handshape to represent the shape of a cowboy's
curved legs as the cowboy sits astride a horse [OBJECT)]. Orientation of the hand
with respect (o the motion was crucial in determining whether the hand repre-
sented a HAND handshape or an OBJECT handshape. In the above cowboy
cxample where the C was used as an OBJECT handshape, the fingers and palm
of the C handshape point downward as the motion descends, mirroring the shape
of the cowboy's legs as they go around the horse. If, however, the C were
perpendicular to the motion (oriented as a person’s hand would be if it were
placing the cowboy on the horse), the handshape would have been considered a
HAND handshape rather than an OBJECT handshape.

To determine the meaning of each handshape form, we first listed all of the
objects represented by each handshape form used with either a HAND or
OBJECT meaning in the onc-motion signs (signs that contained only a single
motion) David produced during one session, the session at age 3;11. We then
determined whether the set of objects associated with a particular handshape
form could be said to share a common attribute or set of attributes. If so, we took
that commion core to be the meaning of the particular handshape form. We then
used these form/meaning pairings to code the videotapes of the six remaining
sessions.

Table 2 describes 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
objects represented by each handshape form/meaning pairing. Table 2 also
presents the total number of different types of objects represented by each fomv
meaning paifing and, in parentheses, the lotal number of times each formv
meaning pairing was uscd throughout the seven videotaped sessions.! We found
that 367 (95%) of the 386 handshapes David produced in his onc-motion signs
during the seven videotaped sessions could be classified into the form/meaning
categories listed in Table 2. In addition, 68 (91%) of the 75 handshapes in
David’s two-motions signs (signs that contained two motions concatenated
without a break so that both appeared to be within the same sign) were also found
to conform to the form/meaning categories established on the basis of the one-
motion signs produced during the 3;11 session. Note that the Palm and Point
handshapes were each used to represent more than one class of objects (e.g., the
OBIJECT Palm was used to represent (1) flai, wide objects, (2) many small
particles, and (3) vehicles and animate objects); each of these classes is consid-
ered to be a distinct morpheme. Exceptions to Table 2 consisted of form/meaning
mismatches, such as a Fist form used to represent handling a small, shert (rather
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 moving forward).

It is important 1o note that David's HAND morphemes were not always
accurale representations of the way a hand grasps a particular object in the real
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Table 2. Meanings of Handshape Forms"
HAND Morphemes OBJECT Morphemes
Types Types
Form Meaning (Tokens) Meaning (Tokens)
Fist Handle small, long 19 (70)  Bulky object (hammer 1(2)
object (c.g., spoon, head)
drumstick, cn“u_“.ow
ing, handiebar) .
0 :%.:u_ﬂmman: object 31 (102) Round compacl object 617N
.n.m.n crank, shoc ﬁ_._m.. L.a_“.___..nu__n.. Iree
Yace) » bub o
obj 11 (20)  Curved object (c.8.,
¢ :u._”__M _”q.mh _.%.n.. cowboy's legs around
m&_w“. neck)® a horse, turtic) o 43
Palm Handle Nat surface (c.g., 12 (30) Flat iz_n. oe.._o.n. (e.g..
sides of toy bag, chair Nag, bird wings)
* -
:u_....n%_ova.»:w small 1(3) Many small particles 6 (D
surfaces (xylophone (e.g., snow}
ey Vehicle or animate 13 (26)
object (e.g., car,
sister, Samta, _w_n:n-
Poimt Handle small surface 1(2) ._.._M: m.....“_m_._“.tac_.._wﬂv_n 6 (12)
i e.g., .
(tngeen wand, pinwheel}
Object of any shape 13 (24)
{(c.g., bear, penny, _
Susan)

i id” jon si ing the seven videotaped
ins the handshapes found in David's one-molion SIgns during
.Hiﬁrﬁmﬁigﬂgaﬂi%i&:g.i&i%shﬂ
_.S.Eﬁro and the number in parentheses represcnts the total number of times the handshape

_—ﬁ_—.ﬂ_ﬂ!n _””ns_“_“.m.. diameter; large = >2 inches in dizmetes; long = >5 inches in length.

, hor were his OBJECT mes precise mimelic reconstructions of real
“MMM ”M_..wonm_.dmca oxn_...ﬂ_n.:_m._o.v_“in HAND form (the Fist) was =mon_. o
represent grasping a balloon string, a a__.-_.:.m:ar. E& __E_&ucuﬂﬂ_mam_u:ﬁ
actions that require considerable variety in n_.nan.m- _...__ﬁ real worl ._..nmm..m_
therefore appeared not to distinguish objects of varying ﬁ__u..:a_nq., i_._.:d "_ .__
category. However, he did use his handshapes to distinguish objects wil maﬂ
diamelers as a set from objects with large diameters n.:"_.m.w..uu cup, a guitar neck,
the lenpth of a straw) that were represented by a and.

As nmasoq example, David used the same OBJECT form (the Q) to Jvamg"_”
round hat, a Christmas tree ball, and a bubble—objects that vary in sizc in t
real world. David did not appear to distinguish objects of varying sizes within the
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O category, but rather appeared 1o categorize them all as round objects. How-
ever, David did distinguish these round objects as a ser from curved objects
(e.g., atustle’s back, a cowboy’s legs around a horse) that were represented by a
C hand. Overall, David thus appeared to consign handshapes to discrete catego-
ries, rather than utilize analog representations of *‘real world"’ objects.

Motion Morphemes

Motion Forms. We found that David used eight different types of motions,
as well as a no-motion form, in his signs (Table 3). The motions were defined in
terms of the type of trajectory traced by the hand (linear path, arced path, circle)
or the motions of the hand in place (revolve, open/close, bend, wiggle). In
addition, arcs were distinguished in terms of length of path (< 7 inches v. > 7
inches) and directionality (unidirectional vs. bidirectional). These motion forms
account for 100% of the signs David produced during these sessions (N =514).

Motion Form/Meaning Mapping. To determine whether each of David's
nine motion forms was associated with a particular class of meanings, we began
by listing all of the actions David represented with each of the nine motion forms
in the one-motion signs he produced during the session at age 3;11. We then
determined whether the actions associated with a particular motion form shared
certain common attributes. If so, we took that commeon core to be the meaning of
the particular motion form, and used the resulting st of form/meaning pairings
to code the videotapes from the remaining six sessions.

Table 4 presents the meanings of the motion forms David produced in his one-
motion signs during the session at age 3;11. The numbers in the table represent
the total number of different types of actions represented by each form/meaning
pairing, and (in parentheses) the total number of times each motion form/
meaning pairing was used over the course of the seven videotaped sessions.

We found that David used his motion forms to represent four different types of
change in the state of an object: change of location, change of position, change of

Table 3. Description of Motion Forms

Form Type of Motion

Lincar Hand moves in a straight path

Long arc Hand moves in an arced path >7 inches in length unidirectionally
Short arc Hand moves in an arced path <7 inches in length unidirectionally
Arc to and fro  Hand moves in an arced path of any length bidirectionally
Circular Hand moves in circle, wrist or fingers revolve

Open/close Hand or fingers apen and/or close

Bend Hand er fingers bend

Wiggle Fingers wiggle

No motion Hand held in place
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Table 4. Meanings of Motion Forms®

Types
Type of Motion Form Meaning . (Tokens)
Change of location Lincar Change of _Sh.moa by moving 16 (34)
along a pat
Long arc Change of location by moving 19 (24)

along a path, "w%n___w to or
from a panicular endpoint

Change of position  Arc to and fro  Reposition by moving back and 29 {114)
forth

Circular Reposition by moving in a circle 15 (37
or rolaling around an axis
Short arc Reposition {or reorient) in place; 313
reposition in onder to nm_.mn-
another object; or reposilion
with respect to another object
o 9 (16)
Change of shape Open/close Ouo__\n_o.s. expand/contract, or (
flicker on/ofl
Bend Bend at a joint 2 (5)
Wiggle Wiggle back and forth 2 Q_
No change No motion Hold in place or exist 29 (91)

ins the motions fround in David's one-motion signs during the seven videotaped

-H.w-.“_ndﬁna:.m..a.” munber represents the number of different types oq actions .uiﬂﬂ:&:“m_ﬂ.n

=§€=.r=n=ﬁ==:&ﬂ??ﬂ:§ﬂ?ﬂﬂﬁ=ﬂ.ﬂl:=§%:zﬁ=ﬂ:§.§!ﬁ or
that meaning.

shape, and no change. He used the Linear n_x_ Long Arc -.o==m to Rm:.owna-
change of location along a path, either of an object (or person) moving on ._“%i_.
(that is, an intransitive motion, e.g., bubble go up, we go down), or an object
being moved by a person (a transitive motion, ¢.g., move coat, sco0p spoon).
Although both forms were used to represent n._n_.w.o of location, the _.b_.m >__.n
was typically used to represent a change of _onn.__o._ bounded by a partice ._”.
endpoint (¢.g., penny arc forward [to a bank]), while the path represented by
Linear form could cither be open-ended (e.g., bubble go upward) or bounded by
an endpoint (c.g., we go down [1o the bottom of the stair]).

David used the Arc To and Fro, Circular, and Short >_d _..w:._,..u o av:unm._ the
change of position either of an object (or person) _.a_.uom_:cm_.._n _.mu:.. m._.m_ is, an
intransitive motion, c.g., wheel tip-over), or an object being a_xm.m..:o...& by a
person {a lransitive motion, ¢.g., tum-over clay). A change of position involved
bidirectional repositioning around a nn:.n.,._.om..._ A.__.o m)a To and .m.a ?:.:. e m_._m
wings flap, jiggle handlebars side-to-side), unidirectional repositiomng nﬁoc
an axis or center-point (the Circular form, c.g. wheel rotate, tum nﬂ:.—.g_“uoq
unidirectional repositioning having no center-point (the Short Arc _.o-._é. There
were three types of meanings conveyed by the m_::.. Arc ..o:... repositioning —.”.._.
the same spot (c.g., wheel tip-over), reposilioning an oan.. to affect another
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object (e.g., swing hammer [to knock tower], shake envelope [10 release con-
tents]), or repositioning an object with respect to another object or a place, either
to remove the object (e.g., pick-up bubble jar [off table]) or to place the object
””..m_.-. hook treelights |onto Christmas tree], push-down box lid jonto bottom of

xD.

David used the Open/Close, Bend, and Wiggle forms to represent the change
of shape either of an object altering its own form (an intransitive motion, e.g
bubble .....mﬂu.:_m. fish bends [to swim)), or a hand allering its shape on an a_u._nnm
(a transitive motion, e.g., hand closes around toy bulb, fingers wiggle to strike
rnuﬁ.v. The Open/Close form was used to represent an object (or hand) opening or
closing (e.g., claw closes, hand closes [around toy]), expanding or contracting
(e.g., bubble expands), or flicking on and off (e.g-, treelights flicker). The Bend
_.o_”:_ was used to represent an object bending at a joint (e.g., fish bends). The
Wiggle form was used to represent an object (or hand) wiggling (e.g.. snow
flutters, fingers wiggle [to strike piano keys)).

) .m._n__w. David used the No-Motion form to represent no change in an object as
it is held in place (e.g., hold bubble-wand [at mouth]) or as it exists (e.g.,
puzzleboard exists, bubble exists).

We found that 395 (90%) of the 439 motions in the one-motion signs David
produced during the seven videotaped sessions could be classified according to
the .no_.:.::nwaau pairings listed in Table 4. In addition, 69 (92%) of the 75
motions in David's two-mation signs conformed 10 the form/meaning pairings
established on the basis of the one-motion signs produced during the session at
age 3;11. Exceptions to Table 4 consisted of form/meaning mismatches, such as
a Shont Arc form used 10 represent the path of a change of focation (e.g., aturtle
moving forward along a path), or a Long Arc form used to represent an object
being repositioned (e.g., swinging a hammer),

Handshape and Motion Combinations

We have m_.osa. that David’s signs can be described in terms of handshape
._6.._-_832 (i.e., handshape form/meaning pairings) and motion morphemes
:..n.. motion form/meaning pairings). We now atternpt to demonstrale that the
signs themselves were in fact composites of handshape and motion morphemes
......_8_, __mna onc unanalyzed whole, i.c., that handshape and motion are separable
units. Since signs are composed of hands moving in space, it is not possible to
find handshapes that are actually separated from their motions. Nevertheless, if
we _._..z_ a :m._.%__uvo that is not uniquely associated with one sign but rather is
combined with several different motions in different signs, we then have evi-
._mam.o =§. the handshape may be an independent unit in David's system.
w:.___nq_w. if a motion is combined with different handshapes in different signs,
we _._m.o_. evidence for the separability of that motion. We will consider first
David’s HAND handshape morphemes in combination with motion morphemes

1
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and then David's OBJECT handshape morphemes in combination with motion

-.:O—.ﬂ_-o:_-nm.

HAND Handshape Morphemes Combined with Motion Morphemes. Table
5 displays examples of the HAND handshape morphemes combined with each of
the nine motion morphemes. Empty cells in Table 5 represent handshape/motion
combinations that David did not use at all during these sessions. Two HAND
morphemes—the Palm (Many Surfaces) and the Point—are not shown at all in
Table 5 because the Palm (Many Surfaces) occurred with only two motion
morphemes and the Point did not occur with any well-formed motion mor-
phemes. The numbers in Table 5 represent the number of types of events
represented by each pairing of a HAND handshape with one of the nine motions;
the numbers in parentheses represent the total number of times a particular
handshape occurred with a particular motion. The table contains David's one-
motion signs, excluding those that were exceptions 1o either Table 2 (handshape
form/meaning pairings) or Table 4 (motion form/meaning pairings). In Table 5
the handshapes represent an actor’s hand shaped on or around a patient, and the
motions represent events in which an actor manipulates a patient (i.e., transitive
events).

Note that most of David’s HAND handshape morphemes could be found in
combination with more than one motion morpheme, and vice versa. As a result,
David's signs can be said to conform to a framework or system of contrasts. As
an example of how the meanings of David’s signs systematically contrasted with

Table 5. HAND Handshapes Used in Combination with Motions®
Fist o c Palm

Change of
location
Linear —_ - —_ Change the
location of
an object
with a large
flat surface
i1, e.g.,
push loys
away
Long arc  Change the Change the —_— Change the
location of a location of a location of
small long small ‘object an object

object (1),

€.g., scoop
utensil

ol any
length 1(1),
€.g., scoop
spoon

with a large
Aat surface
1{(2), e.p.,
push chair
(to wall)

{cont.)



Table 5. HAND Handshapes Used in Combination with Motions® feont.)

Fist

o C Palm
Change of
position
Short arc  Reposition a Reposition a Reposition a Repositi
small long small object large object %_“.m_.on.cﬂ.w” a
object 6(12), of any of any large flat
e.g., pull lenpth length 2(2), surface 2(5),
ol 10(20), e.g., e.g., pick up e.g., lift up
newspaper take out bubble jar large toy
bubble wand bag
Arc lo Move a 2_5__ Move a small Move a large Move an
and long object - object of object of object with &
fro o and fro any length any length large flat
7(28), e.g., to and fro 1o and fro surface lo
wave 42), e.g., (1), e.g., and fro 5(8),
balloon move crayon shake salt €.g., swing
string back back and shaker up child back
and forth forth (10 and down and forth
draw) holding his
Circular  Move a small Move a small Move a large :E.M.x_
long object object of object of
in a circle any length any length
I(1), e.g., in a circle in a circle
wave flag 5(8), e.g., 410), e.g.,
pole in fumn crank twist jar lid
circle
Change of
shape
Open/ Grasp or Grasp or - —_
close relcase a release a
small long small object
object I(1), of any
€.§.. grasp length 2(2),
mower han- c.g.,
dle squeeze bulb
Bend —_ = —_ — —
Wiggle —_ —_ —_ —_
No change
No Hold a small Hold a small Hold a large -
molion long object object of object of
6(16), e.g., any length any length
hold handle- H24), e.g., 306), e.g.,
bars hold bubble hold hom
wand

*Twa =>7._U handshapes, Palm (many surfaces) and Point, are omitted from the 1able because they
occurred 5_._.35._:_«. Palm (many susfaces) occurred with iwo motions (Arc 1o and Fro and No
v!o:g.. and Point occurred only with motions that were not well formed.
The first number represents the number of different types of evems represented by the handshape/

motion combination. The number in mheses re n .
motion sigas are incloded in the E.ﬂ-_n presents the total number of tokens. Only one
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one another, the C handshape was used in combination with the Short Arc
motion to mean ‘“change the position of large object by hand’* (e.g., pick-up
bubble jar). The same Short Arc motion when used in combination with a
different handshape (the Fist) meant **change the position of a small, long object
by hand’’ (e.g., pull-out newspaper). In contrast, the same Fist handshape when
combined with a different motion (the Arc To and Fro) meant ‘‘move a small,
long cbject 1o and fro by hand'* (e.g., wave balloon string back and forth).

Whereas change-of-position and no-change motion morphemes each formed a
relatively complete matrix or paradigm with the HAND morphemes, certain of
the other handshape/motion combinations were produced only infrequently. For
example, the Linear motion morpheme occurred with only one HAND mor-
pheme despite the fact that the Long Arc motion (which is comparable in
meaning to the Lincar motion) occurred with three of the four HAND mor-
phemes. In addition, change-of-shape motions were found in only 2 of the 12
possible handshape/motion combinations shown in Table 5.

OBJECT Handshape Morphemes Combined with Motion Morphemes.
David used OBJECT handshapes in three different types of signs: (1) signs
describing an intransitive event in which an actor (animate or inanimate) propels
itself and does not affect a patient, where the handshape represents a characteris-
tic of the actor, e.g., a C handshape used with a Lincar motion to describe a turtle
moving forward; (2) signs describing a transitive event in which an actor affects a
patient, where the handshape represents a characteristic of the patient, e.g.,aC
handshape used with a Short Arc motion to describe the curved shape of a
cowboy's legs as someone places the cowboy on a horse; and (3) signs describipg
a static object, e.g., a C handshape used with a No-motion form to describe the
arced shape of a block. David produced 72 (56%) signs of type 1 (OBJECT
handshapes with motions repsesenting intransitive cvents), 26 (20%) signs of
type 2 (OBJECT handshapes with motions representing transitive events), and 31
(24%) signs of type 3 (OBJECT handshapes with the no-motion morpheme
representing attribules of objects). We describe each of these types of signs with
OBJECT handshapes in tumn.

Intransitive meanings. Table 6 presents examples of the OBJECT mor-
phemes combincd with the nine motion morphemes when those motions were
used (o represent events in which an actor or mover propels itself and does not
affect a palient, i.c., intransitive events. As in Table 5, empty cells in Table 6
represent handshape/motion combinations that David did not use at all during
these sessions. Two OBJECT morphemes—the Fist and the O—are not included
in Table 6 because they did not occur with motions describing intransitive
events. The numbers in Table 6 represent the number of types of intransitive
events represented by each pairing of an OBJECT handshape with one of the nine
molions; the numbers in parentheses represent the total number of times a
particular handshape occurred with a particular motion, The table contains
David's one-motion signs, again excluding the exceptions to Tables 2 and 4.
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repotitions jtself
sia

1), eg..

Flal wide object Anima) or vehicle Particled object
buserfly wings

come together

Flat wide object
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THIH

and/or closey I(1).
g+ bubble

Opew/close Curved object opens  Flat wide object
Ll
Bend

swir)

down {1}, eg..
snow flutters

Panticles go up and

Wiggle

™

i ang | ive evems,
The rumber in parentheses represents the ol oumber of Wokens. Only

d by the

Pr

*Two QOBIECT handshapes, Flat and O, we orutied from the table becaysy they did not ccour with motion h

$The first sumber represcnts dhe putnber of different types of eventa
one-motion signs wre included In the table. o

Levels of Structure in @ Commanication System 33

Most of David's OBJECT morphemes could be found in combination with
more than one motion mosrpheme, and vice versa. Thus, David's signs composed
of OBJECT handshapes and motions also appeared to fit into a framework or
system of contrasis. As an example of how the meanings of these signs con-
trasted systematically with one another, the C handshape was combined with the
Linear motion to mean *‘a curved object changes location”” (e.g., a lurtle moves
forward). This same Lincar motion when combined with a different handshape,
Palm (Vehicle/Animate), meant “‘a vehicle or animate being changes location™
(c.g., Santa gocs down; car goes forward). In contrast, the same Palm handshape
when combined with a different motion (the Short Arc) meant **a vehicle or
animate being repositions itself”” (e.g., a sister sits). The OBJECT morphemes in
David’s signs thus formed a relatively complex matrix or paradigm with the
motion morphemes in the corpus of signs.

Note that the matrices in Tables S and 6 were roughly in complementary
distribution. The motions that appeared infrequently in Table 5 (i.e., the Lincar
motion and the change-of-shape motions) were more likely to appear in Table 6
combined with OBJECT morphemes to describe intransitive events. Conversely,
the motions that formed relatively complete matrices in Table § (the change-of-
position motions and the ro-change motions) were less frequently used with
OBJECT handshapes to describe intransitive events in Table 6. Only the Long
Arc motion seemed 1o be used both transitively with HAND morphemes (Table
5) and intransitively with OBJECT morphemes (Table 6). Apparently, David
tended to use certain motion forms 1o represent transitive events and other motion
forms to represent intransitive events.

Transitive meanings. As indicated above, OBJECT handshapes were com-
bined not only with motions representing intransitive events but also with
motions representing transitive events, i.c., events performed on a patient by an
actor.* Table 7 presents examples of the OBJECT morphemes, including the Fist
and the O, used in combination with the Short Arc motion. Note that in these
signs, the handshape represents a characteristic of the patient and not of the
actor. Thus, in contrast to the HAND morphemes used with transilive motions
where attention is focused on the actor’s manipulation of the patient, the OB-
JECT morphemes used with transitive motions focus attention on the patient
alone. These combinations thus serve as a device 10 refocus atiention.

As an. example of the way David altered (he form of his signs to refocus
attention, David gencrated two distinct descriptions of the same event—a cow-
boy sipping on a straw. First, David held a O handshape (representing handling a
small object, the straw) to his mouth,* a HAND morpheme that focused altention
on the cowboy's hand actively manipulating the straw, as if to indicate **he holds

the straw at mouth."* In another sepresentation of the same situation, David held

a Point handshape (representing a thin, straight object, the straw) to his mouth,

an OBJECT morpheme that brought attention to the straw alone, as if to indicate
“the straw is held at mouth.'
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Table 7. Examples of OBJECT Handshapes Used | e "
Repositioning Motions pes Used in Combination with Transitive

Palm
(animal or  Point
Fist 0 C vehicle) {Neutral)
Short  Reposilion a  Reposition 8 Repositi iti
position a  Reposition Repositi
arc ”__Q round a.....:n._ an animal onn”-u .H.“_n.
o m_.o.w_ compact object or vehicle of any
z ) object 12), e.g..  2(2), e.g.,  shape
£ 2(3), e.g.. place put in 33), ep
swing put on hat cowboy bear tumn over
__“ou”_n_:ﬁn legs on can of
horse clay

#The first number represents the number of different types of events represenied by the handshape/

motion combination. The number in
o Sl e ocleiod e e by presests thetolal s of ekens. Oy one-

David used .Owumn._. handshapes with five of the nine motion morphemes 1o
represent transitive events. Table 8 presents the number of OBJECT morphemes
used to Hu_dun.___ _._..a _..u_r...a of a transitive action for each of the nine motions.
Noiec that the n_n...._um.._c._ of Ow_.—mﬁ.._. morphemes with transitive motions (Table
8) appears very similar to the distribution of HAND morphemes with transitive
Sc:o:m (Table 5). In particular, there are no OBJECT morphemes combined
with cither Linear motions or change-of-shape motions. Thus, there appear o be

Table 8. Number of OBJECT Handshapes Used in
Combination with Motions Representing Transitive

Events®
Number of Types (Tokens)*

Change of location

Lincar —

Long arc
Change of position ol

Short arc

Arc to and fro _ﬂ"wv
Change of shape

Open/elose —

Bend -

Wiggle —
No change

No metion %5)

Of __.m 26 umnau. in the table, 15 contained a Neuiral Point handshape, thus
-_.onﬁ.am stiention on the action itself rather than on the actor or patient.
Only one-motion signs are included on the table,
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resirictions on the types of motion forms David used to describe transitive
events, independent of type of handshape (HAND or OBIJECT). These restric-
tions may have been due to accidental discourse factors, e.g., David may not
have had the opportunity to describe events in which an actor changed the shape
of a patient or the shape of his hand on a patient. However, at least one of these
restrictions (the absence of a transitive Linear motion) does not appear to be
based on David's failure to describe a panticular set of events. Note that David
did describe events in which a change of location was performed transitively
{i.e., events in which an actor acted on a patient to transfer it). However, when
David described these events he tended to use the Long Arc motion (with eithet a
HAND or an OBJECT handshape) and not the Linear motion. Thus, the restric-
tion on a Linear motion form representing a transitive event may reflect a formal
constraint within David’s system.

Atiribute meanings. David used four different OBJECT morphemes to rep-
resent attributes of static objects: the O (representing a round, compact object),
the C (representing a curved object), the Palm (representing a flat, wide object),
and the Palm (representing many particles). All of these OBJECT morphemes
were used in combination with the No-motion morpheme. For example, the O
morpheme was combined with the No-motion mospheme to describe a Christmas
tree ball and a soap bubble; the C morpheme combined with the No-motion
morpheme described an arced block; the Palm (FlavWide) morpheme combined
with the No-motion morpheme described a flat puzzie-board; and the Paim
(Many Particles) morpheme combined with the No-motion morpheme described
a piece of train track with many spokes.

In sum, we found that the signs David produced during these sessions can be
described in terms of frameworks or matrices of handshape and motion opposi-
tions, i.c., handshape/motion paradigms. The meaning of cach sign in the system
thus appears to be based on a combination of the meanings of its parts—ihe
handshape and motion morphemes.

Motions in Combination with Other Motions

Approximately 10% of David's signs contained two or more motions. All of
the nine motion forms were produced in combination with other motions. In 32%
(12/37) of these two-motion signs, the motions were produced sequentially (but
without a break between the motions so that both appeared 1o be part of the same
sign); in the other 68% (25/37), the two motions were produced simultaneously
in a conflated motien.

The sequential two-motion signs typically described actions that occurred in
sequence (12 signs). For example, David produced a Palm handshape (represent-
ing an animate object) combined first with a Long Arc molion (movement
downward to an endpoint), then combined with a Short Arc motion (reposition-
ing in place), and finally combined with a Lincar motion (movement forward) to
describe a penguin diving into the water, turming, and then going forward.
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The simultaneous or conflated two-motion signs were used in three different
ways: (1) The second motion represenied the manner in which the first motion
(always a change of location motion) was performed (10 signs). For example,
David produced a Point handshape (representing a thin, straight object) com-
bined simultaneously with a Wiggle motion (a quick to and fro movement) and a
Lincar motion (movement forward) 1o represent the way a straight and skinny
dog nodded its head as it moved forward. (2) The second motion {(always an open
or close motion) represented the way an object was picked up before being
moved (or released afier being moved) (seven signs). For example, David
produced a Fist handshape (representing handling a thin long object) with a Close
motion (grasp) and a Short Arc motion (repositioning at the beginning of a
change of location) to represent the way a long thin toybag was grasped in order
that it be repositioned. Note that in signs of this type. the Close moticn is
performed simultancously with the Short Arc motion—despite the fact that when
the action is actually perfornmed, the grasp motion precedes the repositioning
motion. (3) The second motion (always a no change motion performed with the
second hand) was used 1o establish the object on which the first motion was
performed (eight signs). For example, one of David’s hands formed a C (repre-
senting handling a large object) in combination with No Motion (hold) to
represent holding a large, wind-up toy, while the other hand formed an O
(representing handling a small object) in combination with a Circular motion
(rotate) 10 represent rotating the knob of the wind-up toy.

Thus, just as the meaning of a simple one-motion sign in David's system can
be described as the sum of the meanings of its hand and motion parts, so can the
meaning of a complex two-motion sign in the system.

Summary of David‘s Morphological System

We have found that the corpus of signs David produced can be characierized
as a system of handshape and motion morphemes; in particular, David's signs
were composed of a limited and discrete set of five hand and nine motion forms
cach of which was consistently associated with a distinct meaning and recurred
across different signs. Thus, David's signs appeared to be decomposable into
smaller morpheme-like components, suggesting that his gesture system was
indeed structured at the sign level.

David’s signs did not always reflect referents in the real world as transparently
as they might have. The signs were often more abstract and symbolic than a
pantomime of a real world object or action would require and, as such, were not
constrained by a tight it between a sign and the object or action it represented.
For example, despite the fact that in the manual modality one can, in principle,
represent shapes and movements along a continuous dimension, David used
discrete (not continuous) forms to represent objects and actions in his signs (e.g.,
he used the same handshape to represent holding a thin balloon string and a
thicker steering wheel). When representing handling an object, David appeared

i 335
Levels of Structure in a Communication Sysiem .

among the limited number of handshapes m<m=uc_o. in his system,
”“__..ua_.“u.._w_mh_ m_EEmm his hand to match _x.on,.ﬂ_w his actual handgrip o:.:.n o”._._oﬂu
At some level, David seemed to be sacrificing the _._-.cn-ion-_ a m.m._ =Mm A
referent to achieve categorical representation (e.g., David used a m.s_a.. a .ﬁ.
to represent holding a banana despite the fact that bananas _.2““« u. wi o
handgrip). Thus, like ASL, David's gesture sysiem does not S_ﬂ— oaMw__. an.?..
the possibility of conlinuous and transparent represcntation a _wzea
manual modality and instead appears to be based on categorical represen .
entional languages. . i
® _ﬂauh“.m“ﬂo be able to -n:._w..m_!_u_n the focus of s.Jn._._wQ_ ina mo..-m:nn.__cn_.-._n
would, at times, use a less transparent, less pantomimic representation _.._ E.. :
possibly could have used. For example, .ﬁ__o__ .unmnq._e_sm how o:..h: Q_...:__a _ﬂ,_na
cowboy on a horse, David could (and did) m_.sv.o his hand as .__ E:_m:n were
holding the cowboy and placing it on the horse (i.e., a HAND s ._uo_un..a
with a transitive motion). However, at :53” to describe s.o.mu.:n n<n_.___n. gy
shaped his hand as though he were representing the cowboy's _omm.s” Eow i
placed around the horse (i.c., an Ow._mﬂ_.. _.Eam_.%o.:m& i:..o e ae
transitive motion). This second sign is less like a pantomime than .Ez_. r
serves (o focus attention on the patient alone rather than on the actor and patient.

Comparisons between the Home Sign System and ASL Morphology

We have found that the corpus of signs David produced can eﬂ.“”“.“”ﬂ”ouo-“
as a system of handshape and motion Bo_._._.o:.mn. comparable in Do cutline o
the handshape and motion system that underlies ASL. Z.Q. mcﬁ..u:n_m w._nx .
ever, the system of subsign components developed by .Uuqa is not as .”H.eu oy
the morphological system underlying ASL,a aoz,.a..:o.j_ language
linguistic history and shared by a wide commumty of signers.

Handshape Morphemes

The five predominant handshapes in David’s system represent the _“u_:ﬁa““
handshapes of adult ASL systems (cf. Klima and wn___..m.. 1979), a Enm_.oanu_.
same handshapes produced by young deaf children _nna..__m ASL :ua”_ _Mv !
parents during their initial states of snﬁ_:mm:“ww: Ra_?_a_o"u___._a. _e..”...n.v.\ww_p_..no__o ““._

d only the unmarked and none of ___o.a andshapes =
_—.“n_w._“nwau__u_.oa overall than are found in ASL, even in the ASL _u_.n.._.“_.“”._ﬂwwm
young children. Nevertheless, David's use M._ _.E_Mmm_.m_ﬁ to represe

ly the way handshapes arc uscd in . .
vﬂwu__mw.“_”wnswm__s_ﬂu .w_:ﬁmo:.nn objects in three ways. First, a set of _.UE___“%
OBJECT handshapces represented the <.m=u-..wo%c.1nﬁn m__m.nﬂ”whmwﬁwowswﬂ O
iect: First (bulky object), O (round, oo:..csn_ ject), § . b o .
ﬂ_nu..mm%méonﬂr Palm (many small particles), and Point (thin, straight object)
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In ASL, handshapes (called size and shape specifiers, cf. Supalia, 1982) are also
used to represemt the visual-geometric properties of an object, but the set of
handshapes available in ASL is much larger than David's set. Morcover, the
visual-geometric handshapes in ASL consist themselves of a group of simul-
tancous hand-past morphemes rather than a single handshape morpheme (Sup-
alla, 1982). For example, the number of fingers extended represents the width or
depth of an object (one finger = thin or flat, two fingers = narrow or shallow,
four fingers = wide or deep) while the curvature of the palm represents the shape
of an object (palm straight = straight object, palm curved = round object).
These components are combined within a sign in ASL to represent the width/
depth and shape of an object, e.g., one straight finger = thin and straight object
and one curved finger = flat and round object. At present, we have no evidence
to suggest that David's handshapes themselves consisted of a number of simul-
tancous morphemes rather than one single morpheme.

Second, David used one of his OBJECT handshapes to represent a semantic
subcaiegory of objects: Palm (vehicle or animate object), i.e., a self-propelling
object. In ASL, this same category is represented but with many more distinc-
tions. For example, ASL has separate handshapes to represent a human vs. a
small animal, and scparate handshapes to represent a wheeled vehicle vs. an
airplane vs. a boat (Supalia, 1982),

Finally, David's HAND handshapes represented an object indirectly by re-
flecting the handgrip used to manipulate the object: First (handle a small, long
object), O (handle a small object), C (handle a large object), Palm (handle a
large, fat surface), Palm (handle many small surfaces). Again, ASL has a set of
handshapes that is used in comparable ways but with many more distinctions
(e.g.. thumb and finger touching, with the other three fingers extended and
spread = handle a small or flatish object; flat palm with the thumb spread =
handle a wide flattish bottomed object; flat palm with the fingers spread =
handie a flat plane; McDonald, 1982),

Interestingly, when deaf children acquire ASL from their deafl parents, they
tend at the carliest stages to use some handshapes comparable in form and
meaning to David's. Supalla (1982) studied the development of size and shape
and semantic classifiers in verbs of motion and location in three deaf children of
deaf parents (ranging in age from 3.6 to 5;11), He found that all three of the
children used what Supalla called *‘primitive” handshapes, the Palm and the
Point. Two of the children used the Point for any category (as David did with his
OBJECT Point = any object) while the third used the Point for wide, flat, and
cylindrical objects. All three of the children used the Palm for animals, wheeled
vehicles, and airplanes (as did David), and one used the Palm for wide, flat, and
cylindrical objects as well. Thus, even when provided with a conventional
language model, children tend to use the same simple forms for the same general
categories as did David. However, it is important to point out that, even by age
3:6, the children in Supalla's study were correctly producing the more specified

37
Levels of Structure in a Communication Systen 3

for humans, animals, wheeled vehicles, and airplanes ona m.__um..s...-

H“__a“”“.ﬂnmq of the stimuli—handshapes and distinctions not seen In David’s
m- -

a_m__“_ sum, David’s system of handshape =§.§8_=ou resembles ASL in ﬁm_
handshapes are used o represent discrete classes of c.c._oo.m. Zoao,.a_.. _.,.,.ms .zm_
handshapes represent objects by capluring the same _n_.x_m of propertics Am__.uw mr
shape, semantic category, handgrip) as are caplured in the handshapes o As .
Nevertheless, the structure of David's system of handshape -.o_._u_..o:.nm .mm H_.
less complex or intricate than the structure of handshape morphemes in ASL.

Motion Morphemes .

David used nine motion forms in his signs, u.un. *_mn- is _.um_:w_.mon_.. of :._n ma-
isolated by Newport (1981) and Supalla :3.3 in .__m._. aoma:_.:caa. of ﬁ_oa in
ASL. Moreover, the meanings of David’s nine motion forms fall _.._.o MM:W
four broad categories as do the motion Eow:m_.w.m %.5?:2_ 1o the signs of .

the details of the motion meanings differ.
m_.__”..._uhm._. David used two forms (Linear and _.b._n Arc) to R_:mmn.:- n__n_._.m.“ of
location along any path. In ASL, the type of path is mvon._._o._. within the ¢ nam.ﬂ
of location morpheme: linear path means smove along a straight path, arc pa
means move in an arc or jump (Supalla, 1982). Thus, the change of _cnu.zw__
morphemes in ASL are more specified than the comparable morphemes in
vid's system. .
_umwonoz_w David represented change of position iza ..-:8 _.a_.._.m. mc__mn% >=.M
(repositioning an object), Arc To and Fro (change position by =5¢_,~_=m : ow:ﬁ
forth), and Circular (move in a circular path or rotate). In .>m _.a_ioa e
represent change of position or orientation: end-pivot means swing a _....s_. -pi '
means rotale (Supalla, 1982). A third ASL _.o_._.-.. n_a_.._d_. ﬂm..._. whic .ﬁ“_.
move in a circle, overlaps partially in meaning with Uu,.:n s A.u.a_._w_. _.o_.._“_ is
listed as a change of location and not a change of orientation by Supa M_Sn
Third, David used three forms to represcnt n—_uamo.c_. u:w._.o (Open/ oo .
Bend, and Wiggle). ASL has four forms that differ in detail waa_ U:ns.mm.
spread, bend-flat, bend-round, and n_.nsmn._ﬁ_:u:_.uewamw each of which reflects a
e in the attributes of an object (Supalla, ; . ]
a_.s_u.“mu__w. David used his No-motion form to 3..:4...2_.. ._..o.on.ﬂn_.on _M_. an oe._”u_“....
or holding an object in place. In ASL, a a_mm_a.n:o.: is made o-._io_”._ .
existence and location of an object, and that distinclion 15 convey t 3=m.=
motion: a hold movement means existence and a minimal contacling moveme
i Ila, 1982). ) o )

:ﬂaw&ﬂnﬂﬂzcawﬂmﬂ Ec_._u_ﬁwsa system resembles >..,w_.. in that it is n.m“...c_sn.
lorial, i.c., motions can be combined with other motions. In _”:_._ _” ] _M_m_..ﬂ
Supalla, 1982) and David’s system, :._c.:o_._m combine i...__ oen_. o._ r _w__o_ ol
tancously or sequentially, and in either instance the meaning of a two-

sign is the sum of the meanings of its motion parts.
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The Role of the Child and His Environment in the Acquisition
of Two Levels of Structure

Generating a Morphological System without a Conventional
Language Model ’

Our analyses suggest that David developed a sign system that had morphologi-
cal structure. In other words, when David gencrated a sign to refer to a particular
object or action, the form of that sign was determined not only by the propenties
of the referent object or action, but also by how that sign fit with the other signs
in David's lexicon. Thus, David's signs appeared to be created to fit into a
framework, a system of contrasts. For example, David's motion form Long Arc,
meaning change of location, contrasted with his motion form Short Arc, which
meant change of position. Morcover, when the Long Arc was combined with a
Fist (representing handling a small, long object), the meaning of the composite
sign could be derived from the meanings of the individual motion and handshape
forms (i.e., change the location of a small, long object) and differed system-
alically from the meaning of a Short Arc + Fist combination (which meant
change the position of a small, long object).

The fact that David developed a morphological system without exposure 1o a
conventional language model suggests that he might have been predisposed 1o
develop a system of contrasts at the subsign level. David appeared to develop his
lexicon by recruiting gestures from the actions of people and objects around him.
We hypothesize that David first developed his lexical items by focusing only on
the relationship between the form of the sign and the object or action it repre-
sented. Later {perhaps when he had accumulated a sufficient number of signs in
his lexicon), David may have considered the form of one sign in relation to the
form of other signs and may have regimented any regularities in his lexicon. For
example, small, long objects tend to be held by a fist—not always, but perhaps
ofien enough so that the Fist handshape might have predominated in the signs
David created to represent handling small, long objects. David might then have
made use of this trend in his lexicon and organized his system of contrasts around
it.

If this hypothesis is correct, we would predict that David®s lexicon ought to
have changed over developmental time, simply because his early signs should
have becn created to conform only to sign-object constraints (i.c., the fit
between the sign and the object or action it represents), while his later signs
should have been created 10 conform to sign-sign constraints (the fit between a
sign and the rest of the signs in the lexicon) as well as sign—object constraints.
We would therefore expect it to be more difficult to describe David's early signs
than his later signs in terms of a morphological system {i.c., there shouid be
more “‘exceptions’’ in his early signs than his later signs, and perhaps different

types of exceptions in his early signs than his later signs). Altematively, we
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might expect **mismatches’’ between the .mmm_._.m David used and the o_u._“"_—m and
actions he represented with those signs in his _u.o.q Corpus u_,....._. he r . no_“_-
structed a morphological system. Our future work i..__ explore this u..o._.n:om_ . w.
analyzing the development of David's lexicon over time {Mylander and Goldin
Z.””%naﬂ.m:_ﬁmﬂu__mm hypothesis implies that the ao._nm_u of David's Eon_.__c_om.ﬂm_
sysiem depended not only on his propensity to impose an organizalion on _.M
Jexical items but also on the types of lexical _..n.:m he created. ia. wou
therefore predict that if other deaf children m.:_n....._..m geslure sysiems without a
conventional language model were to generate lexicons ===. differed ucca.n___-
tially from David's lexicon in content m._&on. form, they might also m..u_...”_..un
morphological systems that differed from David's. In other words, ._..m m“._ i - _.M_....
might differ from David in the _E.:n:._e. :.o_.v_._oaom that nm.a_s...o ) (el
systems but would not differ from him in __wc...m. a _...o-ﬂ—:.._om_nn_ ve .a.-.n_.
future work will explore this prediction by m:n_wm_.mm the lexicons of nine

deaf children who have invented gesture systems without exposure (o a conven-
tional language model.

The Resilience of Morphological Analysis

ound that, even without the benefit of a conventional language
aoaum.ﬂn“_o.m_w can develop a communication system that has structure at the level
of the word or sign, i.c., morphological structure. Thus, %gﬁﬂggﬂ
appears to be a resilient property of language—a property that can be .ﬁa_od_ﬂo“
by a child despite a very impoverished F..m...wmo._nn_._::w environment. se
findings support the hypothesis that n__m_ﬁ__dm, bring to language _02._.._._« “. __.."8“3
posilion for morphological analysis of a _nx..noaln.._..o- the conventional lex o
they are traditionally exposed to, or o%.nn “u_:noa they create on their own (see
in-Mecadow and Mylander, | E -

Oa%.w_“_n,“”n from other u«._&om of language leaming also argues for the :Hﬂ"a___mn
of morphological analysis in children. Children exposed to a %or”__“_ - <M§u
conventional language that contains no morphology nevertheless -ﬂ_ 10 Eveg?
a morphological system in their own speech. For example, chi dren M...n o
exposed to pidgin Janguages that tend not -.o have morphology A...n._..om

within the world) have been found to creolize the language and in ¢ n_._s.nﬂm..wm.
develop a system that has morphological structure (Kay and Sankoff, :

nd Laberge, 1973). . )

muﬂrm.“z_ nxwah_w of the resilience of morphological analysis 3:5“ m__..;:_.. _.q..m.”
language. Deafl children are often bom to deaf parents who leamed __Ew _nmnw
life, and some of these late-leaming adults develop language systems e
much of the morphological complexity of ASL Alnimxi. 1984). zn<o_.._ : _
the deal children leaming ASL from paremts wilh incomplete _.....o;_-_.wom_.“wn
systems go on to develop sign systems with a complex morphological struc
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indistinguishable from the morphological systems developed by deaf children
leaming ASL from parents with complete systems (Newport, 1984).

These observations from ASL, taken in conjunction with the data we repont
here, suggest that although some aspects of morphology will develop in the
absence of any linguistic model, the type of linguistic input a child receives from
his environment exerts significant influcnce on the complexity of the morphologi-
cal system the child develops. The deaf child in our study lacked entirely the
lexicon of conventional sign language, and constructed a system with far less
complexity than the morphological system of ASL. Apparently, a child not
exposed to a conventional language model is able to take only small steps toward
developing a morphological systemn. In contrast, the literature shows that deaf
children exposed to a model of ASL, even one with incomplete morphological
structure, are able to develop the richly elaborated morphological system of ASL
in alt of its complexity (Newport, 1984).

The linguistic environment to which a child is exposed thus appears to play a
role in the complexity of the morphological system the child induces. Neverthe-
less, the fact that David could fashion a morphological system—albeit a simple
onc—even without any conventional linguistic input suggests that some aspects
of linguistic analysis are strongly guided by interns! factors. At the very least,
these data suggest that, with or without a language model, children seek siructure
at the morphological level as well as at the sentence level when developing a
communication sysiem (see also Goldin-Meadow and Mylander, 1990b).

In sum, our data support the notion that a child may be predisposed to impose
structure at the word level, whatever input he receives. If a child is exposed to a
conventional language model, he quite naturally Jeams the morphological struc-
ture in that model. However, even if a child is not exposed to a conventional
language madel, or is exposed to a conventional language model that lacks
complete or extensive morphological analysis, the child still scems to impose
morphological structure on the units that serve as words in his system.

We have found in our previous work that, even without the benefit of a
conventional language model, a child can develop a communication system that
has structure at the syntactic level, i.e., at the level of sentence-like unils. We
find here that this same communication system is also structured at the mor-
phological level, at the level of word-like units. We suggest that hierarchical
structure (or at least two hierarchical levels) appears to be a resilient property of
language—a property whose development can withstand a dramatic altcrnation
of the learing conditions children typically experience when acquiring
language. Moreover, the fact that a deaf child can develop a hicrarchically
structured communication system even when he has no explicit mode! for such a
system suggests that the human brain is strongly canalized 1o produce linguistic
systems with hierarchical organization. In this respect, the human brain differs
greatly from the brains of great apes who, even when rearcd under similar
conditions, do not spomancously invent organized linguistic sysiems.

Levels of Structure in a Communication System k1)

Notes

|. Characterizing signs are represented in capitalized letters, e.g., “EAT" repre-
jabbing motion loward the mouth. )

un:.w.n b“.ﬂ_“__m:s **palient”” refers to objects thal are affected by the actions of an aclor
i ject of a transilive event). ) )
e.n.m.._.o._.ﬁﬂ_oh_. the types of characterizing signs David produced during these videotapes
ate omitted from the analyses presenied here -.x_ will be anmﬂ._rn_ in a forthcoming
seport: (1) 243 signs which were 3..<n=_ma=-_ in that =.n.< occur in the %o...nanos”
gestures accompanying the speech of hearing adults and children in our 2_.__.” A..."....nr._.&
flat hand extended palm-up to mean ''give,'* or two fists held together and then s
away from each other to 58,__ ..”-_.ornaa..wmrn.-i (2) 68 signs in which the motion 0

i or outline of an 5 .
u.m__....aon_m..:._..n.umﬁ._.”ﬂ.on& for handshape (Table 2) reflect signs in which _E.&n:“nunwhum
codable regacdiess of whether the comresponding motion mQ_E._.a monn e e
Similarly, numbers reporied for motion (Table 4) .u:..un. signs in whic N -.nan..oaon
codable, again independent of whether the nonn.muomx_.:m handshape cov g o d:
Numbers reported for handshape and motion combinations (Table 5 and 6) reflect sign: =
which both handshape and motion were codable and neither handshape nor aﬁ”ﬂ&
exception (i.c., could not be classified according to the form/meaning pairings

" .-.un!ﬂiﬂﬂbhh.-o.ﬁ! “ractor” 10 refer to the doer in a transitive event rather than the

o ** traditi in linguistic descriptions.
8::? umuiu&ﬁ:.ﬂ:ﬂ.«%ﬁho and n:.._c.mo__. we -__xuo coded ma_.o_.a.&aa 8_2.-_: toa
possible third morpheme—place of articulation {i.c., the location where cach sign was
produced). These data arc not analyzed here and t.__._a described ina moa__nc!.__._m .n_ﬂ.dn
7. Of the 26 signs listed in Table B, 15 %..:o._ a Neutral Point handshape. L

Neutral Point does not actually capture characteristics of cither the actor or .__a_ws._n 5
Thus, for these signs, the focus of atiention may have been on the action itself.
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