Gestural Communication in Deaf Children: Noneffect of

Parental Input on Language Development

Abstract. Young deaf children who were unable to acquire oral language naturally
and who had not been exposed to a conventional manual language were found to use
spontaneously a gesture system that has some of the structural characteristics of
early child language. The structural aspects of this gesture system appeared to be
neither modeled for the child by the gestures of an adult nor shaped by the responses
of an adult. These findings suggest that the child may contribute to structural

aspects of the system.

The deaf children in our study had
hearing parents who elected to educate
them by the oral method (/). We report-
ed earlier (2) that, although these chil-
dren had not been exposed to conven-
tional sign language, they were able to
develop a gestural communication sys-
tem with some of the observed proper-
ties of early child language: consistent
ordering of elements (the placement of
words, or gestures, for certain semantic
elements in consistent orders within a
sentence) (3); differential probabilities of
production of elements (the explicit pro-
duction of words, or gestures, for certain
semantic elements in a sentence more
often than for other semantic elements)
(4); and recursion (the concatenation of
more than one proposition within a sen-
tence) (5). Thus it appeared that they
were able to develop a structured and
productive communication system with-
out a conventional linguistic model.

It was possible, however, that the chil-
dren’s hearing parents influenced the
structure of this gesture system. We in-
vestigated two likely parental influences
on the child’s system: modeling, where
the child learns the structure of his or her
gestures, either by imitation or induc-
tion, from the structure of the parents’
gestures; and shaping, where the struc-
ture in the child’s gestures is reinforced
by differential parental responses.

To determine whether the deaf chil-
dren in our study might merely be imitat-

ing an adult’s gestures, we videotaped
four of the children and their mothers
during play sessions. We classified the
children’s gestures as (i) spontaneous, if
they were not preceded by parental ges-
ture or were different from the parent’s
immediately preceding gestures, or (ii)
imitated, if they were exact or partial
imitations of the parent’s immediately
preceding gestures. Imitated gestures
were found to be infrequent: 2 percent (1
of 58) of Karen’s gestures, 5 percent
(7 of 144) of Marvin’s, 7 percent (7 of
93) of Abe’s, and none (0 of 27) of
Mildred’s.

We next considered the possibility
that the children induced a structure
from their parents’ gestures. We noted at
the outset that gesture, not speech, was
the children’s primary means of commu-
nicating (only 1 to 4 percent of the chil-
dren’s communications contained mean-
ingful speech); the mothers communicat-
ed by both gesture and speech (83 to 96
percent of the mothers’ communications
contained speech). Despite the fact that
for a hearing person gesture and speech
might form an integrated communication
system, we chose to analyze mothers’
communications from what we took to
be their deaf children’s point of view and
therefore included only the mothers’ ges-
tures in our analyses (6).

The gestures of six deaf children and
their mothers were transcribed accord-
ing to a system developed earlier (2, 7).

Table 1. Complex sign sentences produced by six deaf children of hearing parents and their

mothers.

Session first

observed Child Mother

Child (mﬁr%fhs) Complex Tgtal Complex Tptal

Child  Mother sign sign sign sign
sentences  sentences  sentences  sentences

(N) (%) (N) (%)
David 34 to 44 1 1 88* 26 8 12
Marvin 35to 50 1 6 38t 23 2 6
Karen 37 to 50 1 6 314 22 1 4
Dennis 26 to 30 1 48 11 0 0
Abe 27 to 45 2 5 4511 25 1 3
Mildred 16 to 44 S 4 119 12 2 2

*Chi-squares were performed by comparing each chlld s complex sign sentences to those of his mother. x2(1)
x4

=562, P <002 (1) =3.79, P <0.10.
nine sngn sentences but none was cornplex
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Ii(1) = 8.06, P < 0.01.

)=287,P<0 §Dennis’s mother produced

(1) = 5.12, P < 0.05.

Reliability—agreement between two
coders in independently noting and seg-
menting individual gestures and assign-
ing them to semantic categories—ranged
from 83 to 100 percent. Two types of
denotative signs were coded: deictic
signs (pointing gestures which indicated
objects) and characterizing signs (ges-
tures whose forms were transparently
related to the actions they represented—
for example, a closed fist bobbed near
the mouth to characterize the act of
eating). Deictic and characterizing signs
could be concatenated to form simple
sign sentences that conveyed one propo-
sition [for example, gestures for ‘‘jar
twist,”” indicating that the jar (object
acted upon, or ‘“‘patient’’ in the linguist’s
terminology) had been twisted open
(act)], or complex sign sentences that
conveyed at least two propositions [for
example, ‘‘jar twist blow,” a request
that the jar (patient) be twisted open
(act;) and bubbles be blown (act,)] (8).
We stress that we use linguistic terms
such as sentence loosely and only to
suggest that the deaf child’s gesture
strings share certain elemental proper-
ties with early sentences in child lan-
guage.

We found that for five of the six chil-
dren in our experiment the probability of
producing in a two-sign sentence a sign
for an intransitive actor (‘‘boy’’ in the
proposition ‘‘boy goes to mother’’) was
comparable to the probability of produc-
ing a sign for a patient (‘‘boy”’ in the
proposition ‘‘mother hits boy’’), and dis-
tinct from the probability of producing a
sign for a transitive actor (‘‘boy’’ in the
proposition ‘‘boy hits mother”’) (Fig. 1).
This same probability pattern was found
in only two mothers, one of whom was
the mother of Abe, the only child who
did not convincingly show the pattern.
Thus, the systems of mother and child
differed in the probability of certain se-
mantic roles (intransitive actor, patient,
or transitive actor) being signed explicit-
ly in two-sign sentences.

Furthermore, each of the six chil-
dren’s simple two-sign sentences could
be characterized by at least one reliable
construction order: patient-act, such as
“‘grape eat”’ [David (N = 38) and Dennis
(N = 11), P < 0.01; Mildred (N = 27),
P < 0.05; Karen (N =25), P <0.10;
xz tests]; patient-recipient (recipient, the
end point of a change of location), such
as ‘‘cup table [Marvin (N = 15),
P < 0.01; David (N = 19), P < 0.001; x*
tests]; or actor-act, such as ‘‘dog jump’’
[Abe (N = 11), P =0.002; x> test].
In contrast, three mothers used no con-
sistent construction orders, and the oth-
er three (mothers of Mildred, Abe,
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and Karen) displayed only a reliable pa-
tient-recipient construction order (N = 8,
P = 0.07; binomial for each), an order
not used by any of their children. More-
over, five children produced sentences
following their own reliable construction
orders an average of three sessions be-
fore their mothers produced any sign
sentences in that order. Thus, the deaf
children’s reliable construction orders
were not modeled by their hearing moth-
ers’ simple sign sentences.

We also analyzed use of complex sign
sentences and found that all six children
used complex sign sentences more fre-
quently (9) and four used complex sign
sentences earlier than did their mothers
(Table 1). Taken together the data sug-
gest that the structure of the deaf child’s
sign sentences was not induced from the
mother’s gestural model (10, 11).

We next considered the possibility
that the structure of the deaf child’s sign
sentences was in some way shaped by
differential parental responsiveness to
those sentences. Following Brown and
Hanlon (/2), we categorized the respons-
es of the mothers and the experimenter
to the sign sentences of four deaf sub-
jects as either sequiturs (relevant and
comprehending reactions to the child’s
sentence) or nonsequiturs (queries, irrel-
evant résponses, misunderstandings, no
responses, or responses of doubtful clas-
sification). We considered the child’s
sentence order to be preferred if it con-
formed to that child’s reliable order and
nonpreferred if it did not; for example,
sincé Marvin reliably produced sen-
tences with patient-recipient orders, sen-
tences with this order were considered
preferred for him, and recipient-patient
sentences, nonpreferred. We found that
the deaf child’s sentences with preferred
orders were no more likely to be fol-
lowed by sequitur responses than were
sentences with nonpreferred orders [49
percent (24 of 49) preferred and 47 per-
cent (8 of 17) nonpreferred; P > 0.50,
Fisher’s exact test with children individ-
ually tested]. Thus the child’s preference
for particular sign orders does not appear
to be a function of communication pres-
sure from the adult.

To determine whether communication
pressure was shaping the deaf child’s
production-probability pattern we looked
at seéquiturs that followed sentences
with preferred production-probability pat-
terns (two-sign sentences with either an
explicit patient, an explicit intransitive
actor, or an implicit transitive actor) and
sentences with nonpreferred patterns
(two-sign sentences with either an ex-
plicit transitive actor, an implicit patient,
or an implicit intransitive actor). We
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found that sentences with preferred pro-
duction-probability patterns were no
more likely to receive sequitur responses
from the mother or experimenter than
were sentences with nonpreferred pat-
terns [46 percent (32 of 69) preferred and
50 percent (9 of 18) nonpreferred;
P > 0.67, Fisher’s exact test with chil-
dren individually tested].

Finally, to determine whether contin-
gent approval might have shaped the
structure of the deaf children’s sign sen-
tences, we coded (/2) the mother’s and
the experimenter’s responses as approv-
als if they contained smiles or nods or
complied with the child’s request or que-
ry, and as disapprovals if they contained
headshakes or frowns or did not comply
with the child’s request or query (sen-
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Fig. 1. Production-probability patterns in sim-
ple sign sentences of mother and child. Proba-
bilities were calculated only from sign sen-
tences with two explicit semantic elements:
Mildred’s mother used 14 transitive sentences
(the data base for the transitive actor and
patient probabilities) and 4 intransitive sen-
tences (the data base for the intransitive actor
probability); her child used 22 and 2, respec-
tively. David’s mother used 10 transitive sen-
tences and 1 intransitive sentence; her child
used 54 and 16, respectively. Karen’s mother
used 7 transitive sentences and 1 intransitive
sentence; her child used 23 and 4, respective-
ly. Dennis’s mother used 2 transitive sen-
tences and no intransitive sentences; her child
used 10 and 1, respectively. Marvin’s mother
used 6 transitive sentences and 8 intransitive
sentences; her child used 30 and 4, respective-
ly. Abe’s mother used 8 transitive sentences
and 2 intransitive sentences; her child used 29
and 19, respectively. TAr, transitive actor; P,
patient; IAr, intransitive actor.
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tences not responded to were not count-
ed). We found that sentences following
preferred sign orders were no more like-
ly to be approved by mother or experi-
menter than were sentences following
nonpreferred orders [65 percent (22 of
34) preferred and 67 percent (8 of 12)
nonpreferred; P > 0.42, Fisher’s exact
test with children individually tested].
Further, approval of sentences with pre-
ferred production-probability patterns
was found to be similar to that for sen-
tences with nonpreferred patterns [73
percent (29 of 40) preferred and 83 per-
cent (10 of 12) nonpreferred; P > 0.25,
Fisher’s exact test with children individ-
ually tested]. In sum, it appears that
neither communication pressure nor
contingent approval shaped the deaf chil-
dren’s sign orders or probabilities of sign
production.

Our observations indicate that a child
in a markedly atypical language learning
environment can apparently develop
communication with language-like prop-
erties without a tutor modeling or shap-
ing the structural aspects of the commu-
nication. These results suggest that the
child has a strong bias to communicate in
language-like ways.
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Metabolic Detoxification: Mechanism of Insect Resistance to

Plant Psoralens

Abstract. Larvae of the black swallowtail butterfly, Papilio polyxenes Stoll, forage
successfully on plants that contain high levels of photosensitizing psoralens. These
insects rapidly detoxify psoralens, particularly in the midgut tissue prior to absorp-
tion, with the result that appreciable levels of unmetabolized phototoxin do not enter
the body circulation where deleterious light-induced interactions with dermal or

subdermal tissues would occur.

Psoralens (linear furocoumarins) are
photoactive compounds that readily al-
kylate DN A when activated by longwave
ultraviolet light (/). The biological activi-
ties of psoralens include uses in human
medicine (I, 2) and they pose significant
toxicological risks to man and other or-
ganisms (3, 4). Psoralens occur naturally
in plant species, where they act as gener-
ally effective deterrents against feeding
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by insects and other herbivores (4, 5).
Certain insects, however, particularly
the larvae of some butterflies of the
family Papilionidae, feed successfully
and preferentially on plants that contain
psoralens (6). The mechanism of insect
resistance to the phototoxic effects of
these chemicals has heretofore not been
considered and is the subject of our
report. We have shown that larvae of
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Fig. 1. Patterns of '“C excretion and distribution in last instar larvae of Papilio polyxenes and
Spodoptera frugiperda after oral treatment with [“C]xanthotoxin at 5 wg/g. Data points are
means (N = 3 or more) with standard deviations indicated by the bars.

374

the black swallowtail butterfly, Papilio
polyxenes Stoll (Lepidoptera: Papilioni-
dae), rapidly degrade 8-methoxypsoralen
(xanthotoxin) to nonphotosensitizing me-
tabolites in the midgut tissue prior to
absorption; thus, appreciable levels of
the intact phototoxin are not available
for light-induced interactions with body
tissues. In contrast, identically exposed
larvae of a psoralen-susceptible insect,
the fall armyworm, Spodoptera frugi-
perda J. E. Smith (Lepidoptera: Noctui-
dae), metabolize xanthotoxin at a much
slower rate, with the result that levels of
the absorbed photosensitizer in S. frugi-
perda are more than 50 times greater
than those seen in P. polyxenes.

While collecting plants for studies of
the toxicology and psoralen chemistry of
the livestock photosensitizing weed
Thamnosma texana (Gray) (Rutaceae)
(7), we observed larvae of P. polyxenes
feeding on populations of 7. texana in
direct sunlight in Medina County, Texas.
The larvae were collected and reared to
pupae in the laboratory on harvested,
moistened 7. texana. Emerging adults
were fed a mixture of honey and water,
and 2- to 3-day-old females were sub-
sequently mated with 1- to 2-day-old
males. Sprigs of fresh parsley from a
local supermarket were provided for ovi-
position, and the hatched larvae were
continuously fed a diet of fresh parsley.
Newly hatched larvae of a laboratory
colony of S. frugiperda, a highly polyph-
agous insect that feeds on many plant
hosts other than psoralen-rich species
(8), were transferred to and reared on
fresh parsley.

A '“C-labeled preparation of xantho-
toxin, a common plant psoralen (9), was
applied in acetone solution to small twigs
of parsley, the solvent was allowed to
evaporate, and the treated twigs were
fed to last instar larvae of either insect
species that had been starved for 2 hours
(10). The dosages were equivalent to 5
wg/g, tailored to the individual prestarva-
tion weight of each larva. Typically, lar-
vae of both P. polyxenes and §. frugi-
perda consumed the entire dosage within
5 to 15 minutes. At 1.5, 3, 6, 12, or 24
hours after treatment, the gut was care-
fully dissected from the body, and the
gut and contents, body, and any excreta
eliminated during the period after treat-
ment were analyzed separately for
['“C]xanthotoxin and its metabolites
1.

Elimination of '“C after oral treatment
with ['*C]xanthotoxin is much more rap-
id in P. polyxenes than in S. frugiperda
(Fig. 1). Within 1.5 hours, 50 percent of
all the administered '“C is recovered in
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