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Comprehension and production of gesture in
combination with speech in one-word speakers*

MAROLYN MORFORD a~xp SUSAN GOLDIN-MEADOW
The University of Chicago

(Received 10 July 1990. Revised 18 September 1991)

ABSTRACT 3

This study explores the role that gesture plays in the earliest stages of
language learning. We describe how one-word speakers use gesture in
combination with speech in their spontaneous communications, and
interpret gesture presented in combination with speech in an ex-
perimental situation. Forty one-word speakers (ages 1;2.22 to 2;4.6)
were videotaped in a free-play session which provided data on the child’s
spontaneous gesture and speech production. The children were also
given a comprehension task in which the presence and absence of gesture
were systematically varied in relation to speech. We found that (1) all of
the children spontaneously produced gestures in combination with
speech, and (2) all of the children were able to understand gesture when
it was presented in combination with speech, not only when the gesture
was redundant with speech but also when the gesture substituted for
speech. These data suggest that, even at this young age, gesture
naturally forms an integrated system with speech in both production and

comprehension.

INTRODUCTION
What is the role of gesture, particularly when combined with speech, in the
earliest stages of language development ? Children have been reported to use
gesture to communicate several months before they begin to speak at all
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CHILD LANGUAGE

(Bates, 1976). Even after they begin to produce single words, young ch:

continue to use gesture not only by itself (that is, without speech) but alg
combination with spoken words (Carter, 1975; Greenfield & Smith, ;g9

Bates, Benigni, Bretherton, Camaioni & Volterra, 1979).

Two types of gesture-speech combinations predominate during the chj
‘one-word’ period of development: (1) gesture may be combined v
speech to convey meaning redundant with the meaning of the spoken wo
for example, pointing at an object and naming it (de Laguna, 1g
Guillaume, 1927; Leopold, 1949; Greenfield & Smith, 1976); or (2) ges
may be combined with speech to add a new semantic element to the me
of the spoken word, such as an action (holding out a hand as though to rece
an object and saying juice) or a possession (pointing at mother’s com
saying mommy (Greenfield & Smith, 1976; see also Masur, 1982,
Goldin-Meadow & Morford, 1985; Zinober & Martlew, 1985; Bos
1988).

While it has been noted that children at the one-word stage frequ
produce gestures both alone and in combination with single words,
potential role of these gestures in language acquisition has been downplay
This omission may reflect the fact that, even though gesture oce
frequently in adult communications with children (Murphy & Messer, 1
Chapman, 1981), those adult gestures are not patterned in any consistent
with the grammatical structures of language (Shatz, 1982; Schaffer, Hep
& Collis, 1983; Schnur & Shatz, 1984); that is, there is no consiste
mapping between the types of gesture adults produce to children and 1
structure of the sentences those gestures accompany. This consistent
ping, Shatz (1982) has argued, must be present in order for children to
able to use gesture to discover the grammatical structures present in
language they hear.

Even though gesture may not serve as an easily accessible route into

grammar of language, it might assist the child in deriving meaning from #
adult’s spoken utterance. For example, in a study of directives spontaneoust

produced by mothers to children aged o;10 and 1;6, Schaffer et 4

(1983) found that gesture often provided information that could help
child interpret the mother’s directive; e.g. the mother pointed at the tedd

while saying, ‘put the hat on teddy,’ thus using gesture to focus the chi
attention on the location for the desired action. A gesture of this sort can &
of use to young children only if they are able to interpret that gesture, and
they are able to integrate the information they receive from gesture with th
information they receive from speech.

Much of the research on children’s ability to comprehend gesture
focused on their responses to the pointing gesture. Studies have shown

young children, often even before they themselves produce pointing gestu _

to orient another’s attention toward an object, respond to pointing ges
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cting their attention to the object indicated by the point (Le.mpelrz,
avell, 1976; Murphy & Messer, 1977; Leung &. Rhemgoh,
studies provide evidence that young children can interpret the
sointi and that they tend to interpret this gesture as a reference to
e o i i t tically varied the
o obiect. However, since none of the studies systema y :
. of: pn.'oduced along with the pointing gesture, they do not prov.lde
» ) i i information
evidence as to whether young ch11§ren can 1n(;egrateeetcl1}::
conveyed in gesture with the information conveyed 1n sp 1. o voung
. Two studies have explicitly explored the role that gesture plays ; hyld
. i 83) presented children

ild’ nsion of speech. Allen & Shatz (19 .
Chll:il s'cortr(l)p: ?Eewith a serir()es of what-questions while varying whether the
e tion , 1 r with a gesture — either a hold-up gesture that
question was presented alone or W) " - 7'+ hold-up a
indicated an object relevant to the question (‘ what sag§ meo ] old-up 2

indi t irrelevan
hold-up gesture that indicated an objec

- c?t) cxh e ?’ + hold-up a toy cow). Allen & Shatz found that
question (‘ what says meow ?’ +ho P ound ot
the children were more likely to provide some sort of response ‘ °
spoken question was accompanied by a gesture but that the proportllor(ni ocl
CORRECT verbal responses was not enhanced. From these data, they conc 1;1 e X
that gestural information is processed relatively mdepenc%ently of spe;c , a
this stage of development, and that gesture serves as little more t arll :m
attention-getter and as a general prompt to action. We can sp:laui i }fé
however, that the particular gesture Allen & Shatz used in their stu yf :
hold-up gesture—might not be expected to do much more than focu
attention on an object and perhaps offer that Ob_]E.BCt for thv.f taking. .

Macnamara (1977) conducted a series of studies in which he presente
children aged 1: 2 to 1;8 with two types of gestures —the hold-ou-t gesture,
i . ot s ext hild as though offering it, and the
in which an object is extended toward the child as g , i
pointing gesture—and varied the speech that accompanied each gesture.
children were found to respond differentially to the two gestures. 'In re?polilss
to a hold-out, they took the object; in response to a point, the.y either loo t;
at the object or did nothing. Moreover, when there was conflict ‘betweerl; . e;
information conveyed in gesture and in speech (for example, if the o f_;te;l:e
mentioned in speech was not the same object which was hel<.i out), 011’{ i the
speech was uninterpretable (as when the object was namo?d in al? unl :Oked
ia“g“age, French), the gesture took precedence and the child took (or
at) the object referred to by the gesture.

It is important to note that neither the Allen & Shatz (1983) ;tud;; .rlltci)r Vt:;:

. .. . . chi
Macnamara (1977) study included a condition in which t 1: hild wa
fequired to understand gesture in order to respond correctly t‘ol;c e ude " n;
i i i redunda

In both studies, the gesture provided mf.orma.tlon that was eit! e}r1 ndant
or in conflict with the information provided in speech. Thus, t ese s °
Provide incomplete insight into whether young .chlldren are able to integra
information across gestural and verbal modalities.

by dire
Favell & Fl
3981). These

3
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CHILD LANGUAGE

The goal of the current study is to explore gesture comprehensif)n, as well
as gesture production, in young language-learners, focusing particularly on
the child’s ability to integrate information across gesture alf)d speech. Fora
population of children at the one-word stage, we first describe the spectrum
of spontaneous gesture production, by estabhsh.mg'a taxgnomy of h(?w one-
word speakers us€ gesture alone and in combination with speecl'x in .theu-
spontaneous communications. We then assess gesture comprehension: n .an
experimental setting, we evaluate how these same ong-wcl)rd sp_eakers in-
terpret gesture when presented either alone or in combmgtxon with speech,
The study is designed to assess the children’s undel.'standmg of gesture, (1)
when it is combined with speech to convey meaning red}mdant with the
meaning of the spoken word; and (2) when it is combined with speec.h to add
a new semantic element to the meaning of the spoken word. W:th these
observations, we hope to establish both the productive and receptive aspects
of the role of gesture in the earliest stages of ‘language learning, and
emphasize the importance of considering gesture 10 the study of language

development.

METHOD

Subjects ‘ . .
Subjects were obtained through an advertisement placed‘m a university
newspaper in central North Carolina. Children were considered potential
subjects only if they were producing one-word speech' afld had not yet
advanced to word combinations (three children were ehmm.ated fror.n .tbe
study because they produced two-word combinations during the initial

screening session). .
The children were visited in their homes two OT three times. Based on

observations of their gesture—speech production during the first visit, the
children were categorized into two groups: Group 1 children produced only §

those combinations of gesture and speech in which gesture and speech i
conveyed essentially redundant information (e.g. point at man -+ man, or open

palm extended with the palm up as though to receive an object -+ give. Group

2 children produced at least one gesture-speech combination in which ’

gesture and speech conveyed different, supplemental information which,

taken together, formed an interpretable two-element ‘phrase’ (e.g. point at

man + big, or extended palm-up reach+ juice). The first 20 children observe
who met the criterion for Group 1 were classified as such, as were the first

20 children who met the criterion for Group 2. A total of 46 children (all but j

one of whom gestured and produced some gesture-speech combinations)

were observed in order to obtain the 40 children who comprised the subject |

population for this study. These 40 children ranged in age from 1;2.22 10
2;4.6.
562
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Spontaneous gesture production

During the first visit to the child’s home, the parent was told that the nature
of the study was to examine all aspects of children’s early communication
abilities. No other details of the study were provided. The child was
videotaped in a free-play situation with the parent (generally the mother) for
15 minutes during which the mother was asked to play normally with her
child and to encourage the child to communicate with her (to label toys, to
ask questions, etc.). This videotaped sequence and observations during the
interview provided the data on the child’s gesture and speech production.
L

Gesture comprehension task

At the second and third home visits, 2 five-part gesture comprehension task
was administered. It comprised three combination conditions and two
single-item conditions. The purpose of the single-item conditions was to
determine the children’s responses to individual gesture and speech forms in
order to serve as a baseline against which to evaluate the children’s responses
to the combination forms. The two single-item conditions were:

(1) SINGLE-WORD CONDITION, €.g. ‘give’.
(2) SINGLE-GESTURE CONDITION, €.8. GIVE gesture (hand extended palm-
up).

The three combination conditions varied gesture and word combinations
to assess the influence, if any, of gesture on children’s speech comprehension.

Each item was designed to convey the same meaning in all three combination
conditions. The three conditions were:

(3) NO GESTURE CONDITION (a spoken multi-word combination, containing
two content words and a function word, was presented to the child
without any gesture), e.g. ‘give the clock’.

(4) REDUNDANT GESTURE CONDITION (a spoken multi-word combination,
containing two content words and a function word, was presented
along with a gesture that was redundant with one of the content words
in the combination), e.g. ‘give the clock’+ GIVE.

(5) replacement gesture condition (a SINGLE spoken word was presented
along with a gesture that replaced the omitted content word in the
combination), e.g. ‘clock’+ GIVE.

Performance on the No Gesture condition provided a baseline level of
comprehension against which the Redundant Gesture and Replacement
Gesture conditions could be compared. A comparison of the Redundant
Gesture vs. the No Gesture combinations addressed the question: can
Redundant Gesture improve speech comprehension in one-word speakers?
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A comparison of the Replacement Gesture vs. the No Gesture combinations
addressed the question: can children integrate the information conveyed in
gesture and speech, and interpret a gesture in combination with a word as
well as a word in combination with a word?

Four different types of gesture were included in the comprehension task:
six POINT gestures, four GIVE gestures (hand extended to child, palm-up),
one THROW gesture, and one SHAKE gesture (both performed as if an
object were in the hand). The 12 nouns and 5 verbs used in the com-
prehension task were drawn from known vocabularies of children in the one-
word stage (cf. Nelson, 1973; Huttenlocher, 1974; Goldin-Meadow,
Seligman & Gelman, 1976). There were 12 items in each of the five
conditions; thus each child received 60 items in all. All items were requests
and so required a response from the child. The complete comprehension task
is presented in Table 1.

All items across all conditions were presented randomly to each child.
Randomization was achieved by shuffling the 6o index cards upon which each
individual item was listed before beginning the comprehension test with each
child. Three identical decks of cards were constructed so that if a child did
not complete the entire task in one sitting, that child’s deck was banded and
put aside for the next visit. Given the young age of the subjects, the length
of the comprehension task, and the desire to maintain a fairly normal ‘play’
interaction, it was not always possible to control the exact number of objects
present when an item on the comprehension test was presented to the child.
However, the experimenter did ensure that, for every item, at least three toys
were present in front of the child. This stipulation allowed for a greater than
chance response to any item presented, and also permitted a response when
no object was indicated in the stimulus (e.g. ‘give’ in the Single-Word
condition, or GIVE gesture in the Single-Gesture condition).

Descriptive measures

On the initial visit, the parerits were asked questions about their educational
level, the number of hours the child spent in daycare, and the age at which
the child learned to walk. On the final visit, the Peabody Picture Vocabulary
Test-Revised (Form M) and the Bayley Scales were administered to assess
developmental level.

Coding

Spontaneous production. Recognizable words were transcribed as heard from
the free-play videotapes. The words were categorized simply, according to
part of speech: noun, verb (including particles such as up, down, etc.),
adjectives, and modulating words such as yes, mo, uh-huh, hi, bye, etc.
Babbling, ‘protowords’, or sounds interpreted as meaningful by the mother
but uninterpretable by the coders were not transcribed.
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TABLE 1. Gesture comprehension task®

Single-item

Combination conditions conditions
Redundant Replacement Single Single
No Gesture Gesture Gesture word gesture

“Give the bottle’ ‘Give the bottle’+ ‘Give’ + ‘bottle’ POINT at bottle
POINT at bottle POINT at bottle

‘Give the shoe’ ‘Give the shoe’ + ‘Give’ + ‘Shoe’ POINT at shoe
POINT at shoe POINT at shoe

‘Open the bag’ ‘Open the bag’+ ‘Open’ + ‘Bag’ POINT at bag
POINT at bag * POINT at bag

‘Open the box’ “Open the box’ + ‘Open’ + ‘Box’ POINT at box
POINT at box POINT at box

‘Push the ball’ “Push the ball’+ ‘Push’+ ‘Ball’ POINT at ball
POINT at ball POINT at ball

‘Push the dog’ ‘Push the dog’+ ‘Push’+ ‘Dog’ POINT at dog
POINT at dog POINT at dog

‘Give the cookie’ ‘Give the cookie’ + ‘Cookie’ + ‘Give’ GIVE
GIVE GIVE

‘Give the clock’ Give the clock’+ ‘Clock’ + ‘Give’ GIVE
GIVE GIVE

‘Give the car’ ‘Give the car’+ ‘Car’+ ‘Give’ GIVE
GIVE GIVE

‘Give the baby’  ‘Give the baby’ + ‘Baby’+ ‘Give’ GIVE
GIVE GIVE

“Throw the cat’ ‘Throw the cat’+ ‘Cat’+ “Throw’ THROW
THROW THROW

‘Shake the book’ ‘Shake the book’+  ‘Book’+ ‘Shake’ SHAKE
SHAKE SHAKE

® Each child received 12 items in each of five conditions (a total of 60 items, all requests). The
items in capital letters on the table represent gestures.

All communicative manual and head movements were described from the
tapes. It was noted whether the gesture occurred alone, in combination with
another gesture, on in combination with a word. Gesture and word
combinations were categorized into those in which gesture conveyed in-
formation redundant with the speech and those in which gesture conveyed
information that was different from the speech. _

Inter-rater reliability was obtained by having two coders independently
transcribe the videotapes of the free-play sessions of a subset of the children.
Inter-rater agreement for speech and gesture was 97 %. Comparisons
between groups were performed on the production data using Student’s t-
test for unpaired samples.
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Comprehension. The children’s responses to the comprehension task we;
coded immediately after each item was presented. Their actual behavioy;
were described on-site and later placed into categories depending upon th

appropriateness of the response to the stimulus. For the combination®

conditions (No Gesture, Redundant Gesture, and Replacement Gesture),
there were two units of meaning for each item: an action the children were.
requested to carry out, and the object on which they were to act. The children
were required to respond to each combination with the correct action on the

correct object in order to be counted as having understood and therefore -

having responded correctly to that item (see Boswell, 1988, for a complete
description of the behaviours recorded and the coding categories).

In contrast, for the single-item conditions, only one unit of meaning was
conveyed in the stimulus (the object in items 1-6; the action in items 7-12;
see Table 1), and the child was required to respond with that unit
(independent of whatever else he or she did on that item) in order to be
considered correct on the item. For the single items denoting objects (that is,
the noun items in the Single-Word condition, and the POINT items in the
Single-Gesture condition), the experimenter recorded whether the child
indicated the correct object in response to the stimulus. In addition, if the
child performed an action on the correct object, that action was recorded;
however, it is important to note that the child was considered correct no
matter what action he or she performed on that object, or if he or she per-
formed no action and merely looked at (or for the Single-Gesture condition,
labelled) the object. For the single items denoting actions (that is, ‘give’,
‘shake’ and ‘throw’ in the Single-Word condition and the corresponding
gestures in the Single-Gesture condition), the experimenter recorded
whether the child performed the correct action in response to the stimulus.
In addition, the object on which the child had performed the correct action
was recorded; again, for these items the child was considered correct no
matter what object he or she performed that action on.

In all conditions, the experimenter was careful to produce the GIVE
gesture (which, in naturalistic discourse, is often directed toward the desired
object) in the direction of the child and not the object so that (as in the other
two action gestures) the child would receive no information from the gesture
itself about which object was to be acted upon. Thus, in the Replacement-
Gesture condition, in order to determine the correct object to give, the child
had to be able to understand the noun that accompanied the GIVE gesture
and to integrate that information with the information conveyed in gesture.

Inter-rater reliability was obtained by having a second observer code five
randomly selected comprehension tasks that had been videotaped. Inter-
rater agreement on responses to combinations and single items was 94 %.

Test-retest reliability for the comprehension task was obtained by
re-administering the task to 15 of the 40 children one to two weeks after the
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i i i . The
first administration, using an alternate word list to avoid practlceh effects The
. .. ) .
l'1-1-elation for the two time periods was 071, significant at the 005
€0
d.f). N
(xscom;arisons between groups and across conditions were made on t.he
comprehension data using analysis of variance with repeated measures; pair-

i n—-Keuls
wise comparisons were subsequently performed using the Newma

test.

RESULTS

Descriptive measures

Tablepz presents means for the children in Grou? 1 and Grguplz flc\)/xl‘eszlgt:i
birth order, Peabody Picture Vocabulary Test-Revised sco.re,d ayley eneal
1Q, Bayley Motor 1Q, number of houfs spent per week in T;llycarev,v e;; rent
education, and age at which the child begar'x to walk.l’1 er(-; ere
significant differences between the two groups in any of these m .

Spontaneous production . .
angle items. Table 3 presents the mean rfumber. of single words,ds;:igr:e
gestures, and combinations produced by chll‘dren in the two grou?s hﬂdrergl
the 15 minute play period.! As the table indicates, both groups o :ﬁcantl
produced single word utterances, but Group 2 produced them sign th};
more often than Group 1 (#33) =1.73, P = 0'046). For bot? grfou}f)s,tota1
predominant type of single word produced was the noun (79 % th rle)s ot
number of single words produced for Group 1, 69 % for (?rm;p 2()}. z sand
adjectives accounted for only 5% of single-word prodgcn(’)n oii roc }:)as e
99 for Group 2. The remaining words were ‘modulating’ words su yes,
no, wh-oh, uh-huh, etc. (16 % for Group 1, 22% for' Group 2). housh

In add;tion, both groups of children produced single gestures, a t‘ 1:(l)ug :
less often than either group produced single words. There was no signi tcanS
difference between the two groups in the number o.f smlgle gez i\.;;ie
produced. Both groups used their single gestures predominant i,, to (:fr}sm e
objects, either by pointing at the object (70 % of the total m;lmldeiir.l S tghe
gestures produced for Group 1, 55 % for Group 2) or byTE On% :::tion
object to display it (18 % for Group 1, 20 9/, for Group 2). X e o eztended
gesture produced by either group was the GIYE gesture ( and xtenced
palm-up) and it accounted for only 5% of tbe. single gesture prohu?ld "o
Group 1 and 9% for Group 2. The remaining gestures were he ,
shakes, hand waves, etc. (6% for Group 1, 17% for Group 2).

. . . ) ions,
[1] Due to experimenter error or equipment failure during certain of the fr;idﬁl?:'iiegioup
data were available for speech and gesture coding for only 17 of the 20 chi
1, and 18 of the 20 children in Group 2.
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TABLE 2. Characteristics of subjects

Group 1 Group 2

(N = 20) (N = 20)
Mean (s.n.) Mean (s.n.)
Age 1;6.24 (0;3.6) 1;8.1 0;3.6
Birth order 175 (0'8) 1-45 ( (’cf-s))
PPVT score 81 (3°4) 79 (3.8)
Bayley Mental 1Q 1316 (18:3) 1258 (r7:1)
Bayley Motor 1Q 119°9 (167) 1149 (12.9)
Hr/Wk daycare 52 (9°9) 117 (151)
Mother education (yr) 16-8 (1°9) 16:6 (1-6)

Father education (yr) 183 (27) 1825 (r'9)

Age walk 1;0.6 0;1.9 o;11.18 0;1°24

TABLE 3. Spontaneous production of words and gestures
(mean per 15 minutes recorded time)

Group 1 Group 2
(N =17) (N =18)
Mean (s.n.) Mean (s.n.)
Single items
Single words 25"
i soz2  (189) 3766 (23.7)*
Single gestures 1370 (81) 10'55 (96)
Combinations
Gesture + gesture 000 3 .
Gesture + word oz ©54)
(1) Gesture provides information 10°5 :
5 ( 68 .
redundant with the word os) ' )
(2) Gesture provides information — i -
different from the word a7 @)
Word +word — —
*p < 0'05.

Combinations. As Table 3 indicates, only children in Group 2 produced
gesture-gesture combinations, e.g. a child rocked his own body and held up
a toy horse to comment on a toy rocking horse. This type of combination was
extremely infrequent: three children produced a total of four such
combinations.

Groups 1 and 2 produced approximately the same mean number of
gesture—speech combinations (10'55 for Group 1, 1098 for Group 2). By
definition, all of Group 1’s gesture-speech combinations contained gesture
which conveyed information redundant with the information conveyed in
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ch. In contrast, only 62% of Group 2’s gesture—speech (.:ombinations
were of this type; the remaining 38% contained gesture which conveyed
different information from that conveyed in speech. o .

For both groups, the predominant gesture—spe'ec}? combination in which
gesture was redundant with speech contained a pom'gng (or hold-up? gesture
indicating an object, combined with a noun indicating the same object., eg
POINT at bottle + bottle (98 % for Group 1, 88% gor Group 2). In addltl(?n,
Group 2 produced 2 small percentage (2 %) of action ge.stures (all of v{h}ch
were the GIVE gesture) combined with the verb give. The remaining
combinations of this type were head movements combined with a matching
word, e.g. nod +yes (3% for Group 1, 10% for Group 2).

The children in Group 2 Eroduced four kinds of gesture-speech com-
bination in which gesture conveyed different information fr(?m speech: (1) a
pointing (or hold-up) gesture combined with a verb or adjet?tlve, e.g. POINT
at man+ riding (43 % of these gesture—speech combinat10n§ were of 'thls
type); (2) a pointing (or hold-up) gesture indicating one object combined
with a noun indicating a different object, e.g. HOLD-UP boz.1t+wa.ter
(25%); (3) an action gesture (all but one were GIVE gestures) comb'med w1_th
anoun, e.g. GIVE + bottle (20%); and (4) 2 head movement combined with
a noun, e.g. nod + Bert (12%)- ! ‘

As indicated above, children were included in the study only if they
produced single words. Thus, neither group of children produced two-word

combinations.

Comprehension . '
Comprehension of combinations with and without gesture. The children in
Groups 1 and 2 were selected to differ in their spontaneous PROD'UCT.ION <‘)f
gesture—speech combinations: Group 1 produced only those combinations 1n
which gesture was redundant with speech, while Group 2 produced
combinations in which gesture added information to speech (as well as thos_e
in which it was redundant). The comprehension task tested the hypothesis
that the two groups of children differed in their ability to decode these two
different types of gesture-speech combinations.

Fig. 1 presents the mean number of correct responses pF(?duced by Groups
1 and 2 in response to each of the three combination conditions: No Gesture,
Redundant Gesture, and Replacement Gesture. Although Group 2’s mean
performance was somewhat higher than Group 1’s, the difference was not
significant (F(1,38) = 2542, P = o'12). Moreover, the pattern of responses
across the three conditions was the same for both groups (i.e. there was
no significant interaction between group and condition, F(2,76) = 0135,

p=0872
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Fig. 1. M
Cofn prehenesai\g nturr:bel,'T ﬁf correct responses on the three combination conditions of the
means'; Des .N( e horizontal lines over the bars represent standard error of the
) O, No Gesture; Redundant Gesture; ll, Replacement Gesture

The children taken as a whole, however, did differ significantly in their
performance on the three types of combination (F(z,76) = 9'92 py= 0°001)
Performance was higher on Redundant Gesture co;rlbinations ,than on N(;
Gesture combinations (p < o-or, Newman-Keuls), suggesting that a re-
dundant gesture can improve a child’s comprehension of a two-word spoken
sequence. In addition, and more surprisingly, performance was hi hr::r on
Replacement Gesture combinations than on No Gesture combignations
@< 05, Newman-Keuls). This finding suggests that one-word speakers
can interpret gesture in combination with a word better than they can
19terpret a word in combination with a word. There was no si ni}i]icant
difference comparing performance on Redundant Gesture combi %
Replacement Gesture combinations. masions ¥

It is 1mporjcafxt to note that, in both the No Gesture and Replacement
Gesture conditions, the children seemed to glean information from each of
the two el'em(::nts in the combination, rather than arriving at the meaning of
the cor'nblnatlon on the basis of only one of the two elements. For example
the children were more likely to respond correctly, that is, to- push the d}:)g:

[2] ‘:S}::tce it;);echﬂ(;ren infboth Group 1 and Group 2 covered a wide age range, it was possible
Chi[éren pen :nt of G"roulp, younger children might perform differently from older
hildren on t g. c.ombm:monls in the gesture comprehension task. To explore this
Shildr ; ri y,2 weh‘ l1(\;1dedbthl<-: children into two groups based on the median age of the 40

: 25 children below the median (1;2.22 to 1; i
child : : ;2. ;5.31) and 15 children above the
edian (1;6 to 2;4.6). We found that the younger children performed no differently

on the combinations in th i
(F(l,ss)=°.2°8,p=°‘651).e gesture comprehension test than the older children
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when given the combination ‘push the dog’ or the combination ‘push’+

POINT at dog, than when given the single word ‘dog’ or the single gesture

POINT at dog. In general, the mean number of correct object+action
responses given to a two-word combination (4.1) or to a word + gesture
combination (4.9) was much higher than the mean number of those same
object +action responses given to the single words (0+7) or the single gestures
(1.0) that comprised those combinations.? This result was found for both
Group 1 (3'5 and 4°3 for the combinations vs. 0.7 and 1.0 for the single items)
and Group 2 (4.7 and 5°6 for the combinations vs. 0.8 and 1.0 for the single
items). Moreover, the pattern was found for each of the five verbs in the No
Gesture condition (‘give’, ‘open’, ‘push’, ‘throw’, and ‘shake’); that is, the
number of correct object+adtion responses was greater for each of the five
different types of two-word combination than for their respective single-
word items (e.g. ‘push the dog’ vs. ‘dog’; ‘throw the cat’ vs. ‘throw’).
Similarly, the pattern was found for each of the four gestures in the
Replacement Gesture condition (POINT, GIVE, THROW, and SHAKE);
that is, the number of correct object +action responses was greater for each
of the four different types of word+ gesture combination than for their
respective single-gesture items (e.g. ‘give’ + POINT at bottle vs. ‘bottle’ or
POINT at bottle; ‘book’+SHAKE vs. ‘shake’ or SHAKE).

Comprehension of different types of gesture. Fig. 2 presents the mean proportion
of correct responses for each of the three combination conditions categorized
according to the type of gesture in each combination: POINT gestures,
GIVE gestures, and THROW/ SHAKE gestures (note that, for the no
gesture condition, the proportions are for those two-word combinations
which convey the same meanings as the combinations containing the three
different types of gesture; data from the THROW gesture and the SHAKE
gesture were combined since there was only one item of each type in each
condition). No difference was found comparing Groups 1 and 2 in this
analysis (F(1,38) = 2247, p= o'142); consequently, the data for the two
groups have been combined. Performance differed across the three com-
bination conditions (F(2,78) = 532, P = 0-007) and across the three types of
gesture (F(2,78) =103, p = 0°0001).

Moreover, performance differed for the three gestures depending upon the
combination in which they occurred (i.e. there was an interaction between
type of gesture and type of combination, F(4,156) = 328, p = o013). Itis

[3] Most of the correct object +action responses given to single words or single gestures were
produced on item 3 (‘open the bag’) and item 4 (‘open the box’) simply because the action
the children were most likely to perform on the bag or the box was opening. Nevertheless,
as described in the text, even for these two items, the children still produced more correct
action + object responses on the two-word combinations and on the word +gesture
combinations than on the single words or single gestures.
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Mean proportion of correct responses

i

Give Throw/shake

Point

Type of gesture

Fig. 2. Mean proportion of correct responses on the three combination conditions of the
comprehension test categorized according to type of gesture. (For the no gesture condition,
the proportions are for those two-word combinations which convey the same meanings as th;
corresponding combinations containing the three different types of gesture. The hgrimmg]

lines over the bars represent standard error.) [0, No Gesture; B, Redundant Gesture;
M, Replacement Gesture. ’

first, that the children produced the same proportion of correct
responses on the ¢wo-word combinations corresponding to the three types of
gestures, when there was no gesture presented along with the words, i.e. in
the No Gesture condition (F(2,78) = 0472, p = 0-626). Thus, the w,ords in
the No Gesture combinations seemed to be understood equally well
suggesting that any differences found in the redundant and Replacemen;
Gesture conditions can be attributed to the presence of the gesture.

There were, in fact, reliable differences across the types of gesture in both
the Redundant Gesture condition (F(2,78) = 4178, p = oo1l 9) and the Re-

placement Gesture condition (F(2,78) = 13123, p < o0oo1). The children
sentence containing a Redundant Gesture better

worth noting,

understood a two-word
than the same sentence without the
POINT (i.e. performance on Redun
than on No Gesture combinations for the POINT gesture, p < 005,

Newman—Keuls, but not for the GIVE or THROW/SHAKE gestures)-

However, while a redundant GIVE gesture or THROW/SHAKE gesture
two-word sentence, neither gesturé

did not improve performance on a
interfered with comprehension of the sentence.

In addition, the children were able to understand a combination containing
a word and either a POINT gesture or a GIVE gesture better than, or at least
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veying the same meaning (1.e. per-

s well as, 2 two-word combination con
binations was better than on No

ance on Replacement Gesture com
s for the POINT gesture, p < 005, Newman-Keuls,

and not different for the GIVE gesture). In contrast, the children did not
appear to understand combinations containing 2 noun and the THROW/

SHAKE gesture (i.e there were FEWER correct responses on Replacement
Gesture combinations binations for the THROW/

than on No Gesture com
SHAKE gesture, p < 005, Newman-—Keuls).
The different patterns o

Gesture combination:

ree types of gesture seen in

three gestures were not equally comprehensible t0
gate this possibility, we examined the children’s
types in the single gesture
ponses on the

f responses for the th

Fig. 2 suggest that these
the children. To investi,
of the three gesture
an proportion of correct res

performance on each
condition. Fig. 3 presents thesme

1-0

ponses
<@
oo

0-6

Mean proportion correct reso)
(=]
ey

Give
Type of word or gesture

Noun or point Throw/shake

responses on the two single-item conditions of the
ding to type of word or gesture. (The horizontal lines

Fig. 3. Mean proportion of correct
¢ of the means.) [, Single Word; &, Single Gesture.

comprehension test categorized accor
over the bars represent standard erro

Single-Word condition,
of stimulus presented. Indeed, the children

differed in the mean proportion of correct responses they gave to the three
p < 0001), and there was an interaction

types of stimulus (F(2,78) = 7064,
between the types of stimulus and whether it was presented as a word or a

gesture (F(2,78) = 5034 p < 0001). While the children gave proportion-
ately MORE correct responses to the POINT gesture and the GIVE gesture
than to the corresponding words (095 vs. 0'57 for the POINT, o061 vs. 037
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for the GIVE; p < oo1 for both comparisons, Newman—Keuls), they ga'
FEWER correct responses to the THROW and SHAKE gestures than to thi
corresponding words (o'11 vs. 046; p < oo, Newman-Keuls).
pattern was found for the children in both groups; that is, the children
Group 1 and Group 2 did not differ in the mean proportion of corr
responses they gave to the three different types of stimulus in the Singl
Gesture or Single-Word conditions (F(z,76) = 0-287, p = 0'752).

Thus, the children appeared to understand the POINT gesture quite well
and the GIVE gesture moderately well. This pattern may well explain why
a POINT at an object could actually facilitate comprehension of the two-
word combinations containing a noun for that object in the Redundast
Gesture condition, and why both POINT and GIVE gestures could substix
tute for the corresponding words in the word + gesture combinations in the
replacement gesture condition (see Fig. 2). It is also worth noting, that even
though the POINT gesture was better understood than the GIVE gesture
when presented alone, the two gestures seemed to be able to substitute for
one another with little effect on comprehension in certain combinations. For
example, the children gave the same proportion of correct responses when §
the request was ‘give’+POINT at bottle (0'39 on items 1—2 in the
Replacement Gesture condition) as when it was GIVE + ¢ cookie’ (0'38 on
items 7-10 in the Replacement Gesture condition). Moreover, the two
gestures seemed to be equally effective in facilitating comprehension wher
paired as redundant gestures with a sentence containing ‘give’. The children
gave the same proportion of correct responses when the request was ‘give the
bottle’+ POINT at bottle (0'44 on items 1-2 in the Redundant Gesture :
condition vs. 0-33 on these items in the No Gesture condition) as when it was 8
‘give the cookie’+ GIVE (044 on items 7—10 in the Redundant Gesture
condition vs. 034 on these items in the No Gesture condition).

In contrast to their relatively good understanding of the POINT and
GIVE gestures, the children appeared to have a limited understanding of the §
THROW and SHAKE gestures. Thus, it is not surprising that these gestures §
did not facilitate comprehension of two-word sentences containing the words
‘throw’ or ‘shake’, nor is it surprising that the THROW and SHAKE }
gestures failed to serve as comprehensible replacements for the words
‘throw’ or ‘shake’ in a word + gesture combination (see Fig. 2).

The relationship between spontaneous production and comprehension

All 40 of the children in the study were found to produce POINT gestures
spontaneously, either alone or in combination with words. Moreover, all but
two of the children produced correct responses on at least 5 of the 6 POINT.
items in the single gesture condition of the comprehension test. Thus, j

essentially all of the children in the study both understood and produced the
POINT gesture.

4

574

GESTURE AND SPEECH

soln contrast, none of the 40 children spontaneogs}l}y p;oilluced :;lti};g:el:
FHROW or a SHAKE gesture. Moreover, only eight o tg 40 chi ren
produced any correct responses on the THRQW and SHAKE items in ‘
Single-Gesture condition of the comprehension test. Thus., alrpost none o
the children in the study understood and prod.uced the two iconic ge.st;res,' a
result which may not be surprising given l'.uow infrequently young ch118 ren 12
general produce iconic gestures (cf. Goldm-Mgadow & Morflord, 1985) an .
g}ven how much difficulty they typically have in understanding gestures o

i . Petitto, 1988). o
ml'i";zrtG(Ic\f’E gestu,re %vas) the only gesture on which there was variability
dcross the children: 11 children spontaneously produced a E}IVE gesture,
and 22 children (including § of the 11 GIVE pyoducers) gave c01.-r_ect
responses on at least 3 of the 4 GIVE items in the Single-Gesture conf:htlon
of the comprehension test. Thus, approximately one‘-quarter of the children
in the study produced the GIVE gesture, and ap.p.rox‘lmately l}alf un,derstoold
the gesture. Because there was sufficient variablllty' in the children’s knowl-
edge of the GIVE gesture, we explored whether cblldren who hac! control of
this gesture performed better on the comprehension test than children who
did not. We first examined the GIVE producers and found t‘hat the 11
children who spontaneously produced GIVE (4 of wh(?m were in Group 1
and 7 in Group 2) performed no better on the cor?lbinatlon conditions of the
comprehension test than the 29 children who did not produce GIVE (48
mean items correct vs. 50, F(1,38) = 0065, p = 0'80). How§ver, we found
that the 22 children who understood GIVE (12 of whom were in Group 1 and
10 of whom were in Group 2) did perform significantly betfer on the
combination conditions of the comprehension test than the 18 children who
did not understand GIVE (6-0 mean items correct vs. 35, FFI, 38) = 14672,
b = 0'0005). Perhaps most importantly, both groups of children showed a
significant effect of type of combination; that is, performar‘lc.e was better on
the Redundant Gesture and the Replacement Gesture conditions than on the
No Gesture condition for those who understood GIVE, as well as for those
who did not understand GIVE (F(z2,76) = 9494, p = 00co2). Thus, at
whatever level of gesture comprehension children found themselves, they
seemed to be able to take the information gleaned from the gesture and
integrate it with the information from speech. .

In sum, the data from this study suggest that, as long as a C.hll,d
understands a particular gesture, that gesture can aug.ment the ch11§ s
comprehension of a two-word sentence when the gesture is redundant W}th
one of the words. Moreover, the gesture can actually serve as a substantive

~— '

4] Nine of the 11 GIVE producers produced at least one correct response on the GIVE ?e:::
in the Single-Gesture condition of the comprehension test; thus, only two o
Producers failed to show any comprehension of the GIVE gesture.

575




CHILD LANGUAGE

replacement for one of the words in the sentence, permitting comprehension

which is as good as (or better than) comprehension of the word combined
with another word.

DISCUSSION
The role of gesture in children’s attempts to communicate

The children in this study, all one-word speakers, used gesture rather
frequently, particularly relative to the amount of speech they produced. On
average, the children produced 1'5 gestures per minute (alone or in com-
bination with speech), compared to 2-8 words per minute (alone or in
combination with gesture). This rate of gesture production is quite com-
parable to the rate of gesture production by adults. For example, Bekken
(1989) found that, on average, mothers produced 1.1 gestures per minute
when conversing with their daughters aged 1;6 and 16 gestures per minute
when conversing with other adults.

The children in this study did, however, differ from previously described
adults in that a large percentage of their gestures were produced without
speech (24 % of their communications were gesture alone), while none of
Bekken’s (1989) adults produced gesture without speech. It is worth noting
that this amount of gesture without speech appears to be typical for children
at the beginning stages of language-learning. In a longitudinal study of three
children ranging in age from o;10 to 2;6, Goldin-Meadow & Morford
(1985) found that 17%, 24%, and 34% of each child’s communications
contained gesture without speech. Thus, gesture appears to assume more of
the burden of communication for a child at the earliest stages of language-
learning than for an adult fluent in speech.

The children in this study also differed from adults in variety of
gestures. The children produced essentially three types of gesture: the
POINT gesture, the HOLD-UP gesture, and the GIVE gesture (hand
extended, palm-up). In contrast, adults (and older children) typically
produce a large range of iconic and metaphoric gestures, in addition to their

pointing gestures (cf. McNeill, 1987). Nevertheless, the children in this
study did use their limited repertoire of gestures to complement speech in the ;

same ways that adults and older children do; in particular, they produced

gesture-speech combinations in which gesture conveys the same information &
as speech, as well as gesture—speech combinations in which gesture conveys &

different information from speech (cf. Kendon, 1972, 1980; Church &
Goldin-Meadow, 1986; McNeill, 1987, 1991; Perry, Church & Goldin-
Meadow, 1988).
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The role of gesture in children’s comprehension of speech .

The children in this study responded in specific ways to the ge§tur’es in tl.\e
comprehension task. They looked at or toucbed .the object indicated in
response to a POINT gesture, offered an object 1n response to a GIVE
gesture, and generally did not act at all in response .to a THROW or SHAKE
gesture. Thus, the gestures used in this study did no.t functu?n merely to
arouse the child’s attention (as has been suggested in the hteratur'e,‘ cf.
Chapman, 1981; Allen & Shatz, 1983; Schnur & Shatz, 1984) but elicited
responses specific to the type of gesture presented. . .

Moreover, the results of this study show that, if a gesture 1s comprehensible
to children, they can interpret that gesture along with -the speec.h they hfear
and integrate the informatidn conveyed by gesture into 'the .mformatlon
conveyed by speech. If the gesture provides information which is redum.iarzt
with the speech it accompanies, that gesture tends to augmejnt a c%nld-s
understanding of the speech. If the gesture provides information \.Vhlch 1s
different from (but not contradictory to) the speech it accompanies, that
information can be integrated with the speech, essentially allowing the
gesture to serve as a substitute for a word. . .

The ability to integrate gesture and speech, which children appear.to
develop very early, is evident in adults as well. For example, (?qudln-
Meadow, Wein and Chang (in press) have shown that teachers are s.ensmv"e t’o
the information conveyed in gesture and its relationship to speech in a chllld,s
explanations of a task, and tend to base their assessme.nts of the child’s
understanding of the task on this gesture-speech information. Thus, gesture
can provide insight into the mind of a speaker for both the adult and the

oung child. .
! Wl’?y might gesture and speech form such an integrated systerrf? McNeill
(1985, 1987) has suggested that gestures are manual syn’}bols which emerge
from the same psychological base or cognitive representat*on ¢ comgutatlonal
stage’ is his term) as speech. T his cognitive representation f:omprlse§ a co-
ordinated image and an inner speech symbol. A transformation on this dual
representation takes place to produce a gesture form; a related, more
complex transformation occurs on this same representation to Qroduce a
speech form. Thus, McNeill posits that gesture and speech are derived from
the same source, a hypothesis which can account for the fa(.:t that many of the
combinations produced by both groups of children in this stuc.:ly contained
gestures that conveyed information redundant with the information conveyed
in speech. Moreover, even the replacement or ‘mismatched’ gesture %nd
speech combinations (those in which gesture conveyed different information
from that conveyed in speech) produced by the children in Group 2 had a
strong semantic coherence, suggesting that the two comPonents may well
have derived from the same source. Finally, this hypothesis can also account
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for the tendency, found in both groups of children, to interpret gesture as
bound to the spoken utterance and therefore to integrate the gesture and
word meanings in comprehension.

Does comprehension of gesture precede production of gesture?

Four different types of gesture were used in this study, but the children
appeared to understand only two of those four: the POINT gesture and the
GIVE gesture. Moreover, these two gestures were essentially the only
gestures (other than the HOLD-UP) found in the children’s spontaneous
gesture production. Thus, as a group, the children’s comprehension of the
particular single gestures used in this study did not exceed their production
of single gestures (although some individual children did show understanding
of the GIVE gesture on the comprehension test but did not spontaneously
produce any GIVE gestures during visits).

In contrast, half of the children in the study were able to comprehend
gesture—speech COMBINATIONS that they did not spontaneously produce.
While children in both groups understood gesture-speech combinations in
which gesture conveyed information different from speech, only the children
in Group 2 produced instances of this type of gesture—speech combination.

Why might some children produce combinations in which the information
conveyed in gesture is different from the information conveyed in speech,
while others do not? It is clear from our data that these differences in
production cannot be accounted for by differences in comprehension.
However, mismatch between gesture and speech has been reported in the
spontaneous productions of older children and found to be a good index of
a child’s ‘readiness’ to progress to a new knowledge state (Church & Goldin-
Meadow, 1986; Perry et al. 1988, 1992). For example, Church & Goldin-
Meadow (1986) showed that the children who produced gesture-speech
mismatches in their explanations of a conservation task were more likely to
benefit from instruction in conversation than were the children who produced
gestures which matched their speech.

We speculate that the children in this study who produced combinations
in which gesture conveyed information that was different from the in-
formation conveyed in speech (i.e. the children in Group 2) might be
particularly ‘ready’ to progress to the next stage, that is, two-word speech.
There is, in fact, some evidence that one-word speakers whose gestures
frequently convey information different from the accompanying speech are
on the verge of expanding their spoken vocabularies. Gershkoff-Stowe &
Smith (1991) showed that children ranging in age from 1;4 to 1; 10 who often
pointed at one object while naming another (e.g. pointing at a cow while
saying dog at a time when dog was a reliably known word) were in the midst
of experiencing a ‘naming explosion’ and were particularly ready to add new
words to their lexicons.
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Alternatively, Group 1 and Group 2 children might simply be. following
two different ‘styles’ of gesture-speech use that bear no rf&latlf)n to tl;e
complexity or development of their language system. A longlt}xdmal stuby
following one-word speakers into the stage of two-word productlo'n Wf)uld e
necessaty to determine whether children who produce combinations in
which gesture conveys different information from speech progress morl'el
rapidly toward two-word speech than children who do not produce suc

combinations.

Summary .
The data from this study suggest that gesture plays a signiﬁcant ’role in the
earliest stages of language development. Although the children’s gesturiil
repertoire was limited to essentially two gest'ures, Fhese. were frequently
produced and were easily understood by the children in this study .who wer:;
aged 1;6. Even at this young age, gesture appeared to forn"n an mte.graFe
system with speech. All of the children produced gesture 1n combination
with speech. In addition, the children were able to understand gesture when
it was presented in combination with speech, not only when gesture was
redundant with speech, but also when gesture substitut.ed for s;?eech.
Thus, gesture appears to be an interpretable source of information .botb for
the adult experimenter probing young children’s earliest ctom.mumcatlons,
and for the children themselves as they observe the communications of adults

around them.
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