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Abstract This study examined the relationship between
child language skills and parent and child gestures of 58
youths with and without an autism spectrum disorder
(ASD) diagnosis. Frequencies and rates of total gesture use
as well as five categories of gestures (deictic, conventional,
beat, iconic, and metaphoric) were reliably coded during
the collaborative Tower of Hanoi task. Children with ASD
had lower Peabody Picture Vocabulary Test scores and
gestured less and at lower rates compared to typically
developing children. Gesture use was unrelated to vocabulary for typically developing children, but positively
associated with vocabulary for those with ASD. Demographic correlates of gesturing differed by group. Gesture
may be a point of communication intervention for families
with children with ASD.
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Introduction
Autism spectrum disorder (ASD) is an umbrella term for
three developmental disabilities with similar symptoms:
autism, Asperger’s syndrome, and pervasive developmental disorder—not otherwise specified (PDD-NOS).
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Individuals with autism exhibit deficits in three core areas:
language (both verbal and non-verbal), social interaction
and communication, and restricted or repetitive behaviors
and interests (APA 2000). Individuals with Asperger’s
Syndrome typically have intact language, but have difficulty with social communication and often exhibit
restricted interests and perseveration on specific topics.
Individuals diagnosed with PDD–NOS typically show less
severe signs of the three core deficits or have later onset
(after 3 years of age) (American Psychiatric Association
2000). Given heterogeneity in the topography and severity
of symptoms, the notion of a single spectrum may fit the
disorder better than categories (Betancur 2011; Geschwind
and Levitt 2007). However, a core deficit underlying all
types of ASD is communication.
The DSM-IV lists four criteria for communication
impairment in autism: (1) delayed or lack of spoken language, (2) obvious impairment in initiating or sustaining
conversation (in verbal children), (3) stereotypic and
repetitive use of language, and (4) lack of developmentally-appropriate, varied, spontaneous make-believe
play or social imitative play (American Psychiatric Association 2000). Social impairments are distinct from, yet
closely intertwined with, communication impairments, and
they include nonverbal behaviors such as gaze modulation,
facial expressions, body gestures, and social regulatory
gestures. These social skills can be critically helpful in the
development of communication by providing additional
cues about the speaker’s intent or interests, and clarification
or emphasis of ideas (Landa 2007).
ASD can be particularly taxing for individuals and their
families because of social and communication deficits often
leading to a failure to develop friendships and deep emotional bonds or reciprocity (Riby et al. 2012). Individuals
with ASD may have difficulty making eye contact and
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trouble interpreting facial affect. Several lines of research
have shown that children with ASD have a preference for
nonsocial stimuli over faces, potentially from birth (Freeth
et al. 2010; Kikuchi et al. 2009). Additional communication
impairments that are seen in early ASD development include
asynchronous babbling or atypical intonations (Sheinkopf
et al. 2000), poor quality of shared affective expressions with
parents (Yirmiya et al. 2006), and deficits in responding to
other’s nonverbal cues (Baranek 1999).
Intensive behavioral interventions have proven to be
successful for individuals with ASD (Eikeseth et al. 2012),
and research on alternative communication systems has been
encouraging, such as with sign language (Carbone et al.
2010), Picture Exchange Communication Systems (Ganz
et al. 2012; Tincani and Devis 2011), and visual schedules
(Cihak and Ayres 2010; Ganz 2007). Sign language communication training paired simultaneously with speech
instruction produces positive communication outcomes for
children diagnosed with autism and other developmental
disabilities (Valentino and Shillingsburg 2011). A recent
study found varying predictors for gesture use, language
abilities, and communication skills in the ASD population
(Kjellmer et al. 2012). Specifically, cognitive level was
associated with receptive and expressive language development, whereas severity of autism symptoms and socioemotional deficits were associated with non-verbal communication development (e.g., gestures and actions).
Individualized education plans for children with ASD
often involve training in alternative methods of communication, since even with intensive early speech instruction,
around 50 % of children diagnosed with ASD early on will
fail to acquire functional speech (Peters and Gillberg
1999). Gesture may be useful as a supplemental mode of
communication with children with ASD; however, relations between gesture, language, and communication have
yet to be explored fully in individuals with ASD. If eye
gaze is not a natural component of communication for
those with ASD, perhaps a direct guide with an arm or
finger (i.e., a gesture) would present a more salient stimulus
to attract attention. Research on the younger siblings of
children with ASD (toddlers at high risk for ASD) has
found impairments in responding to joint attention, initiating joint attention, and initiating behavioral requests (Ibañez et al. 2013). The level of these joint attention deficits
is predictive of later ASD diagnosis and later degree of
social impairment (Yoder et al. 2009). Presmanes et al.
(2007) showed that this high-risk group had deficits in joint
attention tasks compared to toddlers not at risk for ASD,
but they performed at typical levels when provided with a
pointing gesture in addition to other verbal and nonverbal
cues. Walton and Ingersoll (2013) have successfully used
verbal cues to supplement eye gaze in the fast-mapping
language development of children with and without ASD.
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Gestures could aide in communication or task performance
for an individual who prefers not to make eye contact or
does not understand subtle communication cues. The
present study examines gesture use of children with ASD
and their parents during a collaborative task.

ASD and Gesture Use in Infants and Toddlers
Increasingly, parent–child interactions are being considered
in the communicative development of ASD (Wan et al.
2012). The majority of research in this area has investigated
parent–child interactions in infancy and toddlerhood. A
major piece of this research has been identifying precursors
for ASD in infant atypical behavior and unusual parent–child
interactions (Landa and Garrett-Mayer 2006, 2007; Mitchell
et al. 2006; Zwaigenbaum et al. 2005). Rozga et al. (2011)
found that joint attention and child requesting at 12 months
were lower between caregivers and their infants who were
later diagnosed with ASD. The interactions of parents with
their infants who are later diagnosed with ASD tend to use
less gesture but have higher physical contact and longer
stimulation during play (Saint-Georges et al. 2011). Wan
et al. (2012) saw that these transactional patterns of communication and directive interaction can have effects on
later-born siblings. There were differences in global interaction characteristics of parent–child unstructured play
between infants who had an older sibling diagnosed with
ASD and infants without any family history of ASD, where
at-risk infants were less lively, and their parents were more
directive and less sensitive. Recent retrospective research
finds that infants later diagnosed with autism are less likely to
use social interaction, behavior regulation, and joint attention gestures between 9 and 18 months than infants with
typical development (Watson et al. 2013).
Mitchell et al. (2006) collected data on early word
comprehension, word production, and gesture use of at-risk
infants (i.e. younger siblings of children already diagnosed
with ASD) at 12 and 18 months of age. At both time
points, the children who were later diagnosed with ASD at
24 months had produced fewer gestures and had delays in
both comprehension and production of phrases. Findings
similar to this have created momentum in the literature to
target gesture in screening instruments and interventions
for infants at risk for ASD to improve cognitive and language development (Kelly et al. 2008).
One of the possible reasons for deficits in gestures is a
difficulty with sensorimotor coordination between the hands
and mouth, and this may be measurable in infant’s motor and
vocal interdependence and synchrony (Iverson 2010). Initially, speech and gesture appear to be two independent
systems which then merge together temporally and semantically early in language development (Sowden et al. 2008).
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For children with ASD, this developmental transition of
merging the two modes of communication may be a prospective target area or period for intervention, in addition to
efforts to improve each system independently. Some
research claims that children with ASD have a reverse pattern of language acquisition compared to typically developing children, where they initially have better word
production and expression than comprehension, reception,
and gesture skills (Hudry et al. 2010; Miniscalco et al. 2012).
Other research has found that children with ASD show a
delayed, yet typical trajectory of development for gesture
and speech (Sowden et al. 2008). Although this research is
promising in the areas of early assessment, early intervention, and dynamic communicative transactions, a limitation
of the current literature base is its preoccupation on the infant
and toddler developmental years. These complex parent–
child interactions change over time, creating dynamic relationships at different ages, and warrant the need to investigate their effects throughout development.

ASD and Gesture Use in Young Children
Although young children with specific language impairment use gestures at a higher rate than typically developing
peers (Iverson and Braddock 2011), young children with
ASD show a lack of or atypical gesture use during social
interactions, delayed use of gestures (Baranek 1999), and
less competence in recognizing gestures compared to typically developing peers (Ham et al. 2010; Smith and Bryson 2007). Young children with ASD produce fewer deictic
gestures (i.e., gestures that indicate a referent in the
immediate environment such as pointing or reaching) and
less synchronous gestures (i.e., hand signs and motions that
match simultaneous verbal speech) than typically developing peers (De Marchena and Eigsti 2010).
Other research has shown that deficits in ASD gesture
are only found in intransitive gestures (i.e., symbolically
communicative, e.g., hitch-hiking), with performance of
children with ASD being similar to typically developing
children on transitive gestures (i.e., describing actual tool
use, e.g., illustrating the use of a hammer with a grip and a
swinging motion) and pantomime gestures (i.e., using a
body part to represent object use, e.g., using a finger as a
toothbrush when miming the act of brushing teeth) (Ham
et al. 2010). Children with ASD may also have trouble
imitating gestures, as seen in their errors during a commanding replication task when instructed with gestures
(Mostofsky et al. 2006). Young children with ASD also
show difficulty with the individual components of gesture
communication, such as pointing, showing, sharing interests, and coordinating gaze, expressions, and gestures
(Wetherby et al. 2004).
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Still some studies have found that parents of preschoolers
and early school-age children with ASD tend to use more
gestures and nonverbal prompts during interactions, compared to typically developing controls (Doussard-Roosevelt
et al. 2003; Lemanek et al. 1993; Nassan El-Ghoroury and
Romanczyk 1999), creating a more dictated and directive
way of playing (Wan et al. 2012). Similarly, research has
shown that children with autism are more likely to make
requests and directly manipulate the hands of those they are
engaging with rather than make comments, point, or gaze to
communicate with a partner (Stone et al. 1997). In addition,
children with delayed language are more likely to use conventional gestures and distal hand gestures than children
with PDD–NOS, and this distinction becomes more apparent
with age (Wetherby et al. 1998).

ASD and Gesture Use After Childhood
There is little research on gesture use and comprehension
in individuals with ASD after the early school years. Some
research on children with autism between 4 and 13 years
old has found deficits in symbolic gesture use, gesture
comprehension, and joint attention tasks (Loveland and
Landry 1986; Stone and Caro-Martinez 1990); whereas
other research has found children with autism in this age
range to rely more on gestures when comprehending
communication but have deficits in producing symbolic
communication like speech and signs (McHale et al. 1980).
However, most of these earlier studies relied on small
sample sizes and teacher report.
More recent research has found deficits in gesture imitation, but not in gesture comprehension, for children and adolescents with autism, where nonverbal requests are more
easily followed than verbal requests compared to typically
developing children (Kurt 2011; Smith and Bryson 2007).
Some research has looked at particular types of gesture use
and found that adolescents with ASD show deficits in recognizing and imitating transitive, intransitive, and pantomime
gestures compared to typically developing adolescents (Ham
et al. 2011). Research on the personal use of gesture while
narrating a story found that the gestures of adolescents with
ASD tended to be less synchronized with their speech and less
helpful in engaging listeners and improving the quality of their
stories (de Marchena and Eigsti 2010). In typically developing
children, gesture use has been shown to improve language and
memory aspects of narration (Demir et al. 2013).

Demographic Correlates of Parental Gestures
Finally, a variety of child and family characteristics may be
associated with parental gesture use, as has been found to be
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the case for parental oral language responsivity and language
stimulation. Early observational studies by Gutman and
Turnure (1979) found that mothers gestured more to their
young children during an object description task than during
a toy manipulation task, and mothers gestured more often
and more complexly to older children than to younger children. A longitudinal study by Hart and Risley (1992) saw that
socioeconomic status was related to the quality of verbal
parenting (with less privileged parents speaking less meaningful utterances to their young children), which was later
related to the IQ of the child (partially measured by language
abilities). Research by Evans et al. (1999) found that parents
with more children spoke less complexly and were less
verbally responsive to their children than parents in less
crowded homes (controlling for socioeconomic status). A
meta-analysis by Leaper et al. (1998) found that mothers tend
to talk more, use more supportive and negative speech, and
use less directive and informing speech than fathers. Also,
mothers tend to talk more and use more supportive speech
with their daughters than with their sons. It is possible that
there are similar demographic correlates of parental gesture
use with older children with ASD, which is why we also
explore the extent to which gesture use between parent and
child is related to a variety of family factors, such as number
of children in the home, child age and gender, and parental
education, income, and age.

The Present Study
From the reviewed literature, it appears that nonverbal
communication skills, such as gestures, may be a valuable
tool for intervention, but these abilities in children with
ASD may be too atypical or deficient to utilize well in
communication training. There is a need to understand the
relationship between parent–child gesture, communication,
and language skills beyond infancy and toddlerhood. This
study examined parent and child gesture use during a
collaborative problem-solving task involving both typically
developing youth and children with high functioning autism between the ages of 7 and 18. In addition to exploring
group differences in gesture use, we were also interested in
understanding the demographic correlates of parental and
child gesture use, as this information could be useful for
designing and tailoring interventions. The following
research questions were addressed: (1) How do children
with ASD and the parents differ from typically developing
children in their gesture use (their rate of gesturing and the
types of gestures they use) during joint problem solving?
(2) To what extent are parent and child gestures related to
children’s receptive language skills, and are relations the
same for typically developing children and children with
ASD? and (3) Which parent, child, or family characteristics
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are associated with parent and child gesturing, and are
these the same for typical children and those with ASD?

Method
Participants
The sample included 58 children ranging in age from 7 to
18 years old (M = 10.97, SD = 3.03), with 49 males and 9
females, and their primary caregiver or guardian. This
sample included 26 typically developing children with no
diagnosis and 32 children diagnosed with ASD. Participants were required to have documentation of their DSMIV diagnosis, which included rigorous neuropsychological
assessments, child observations, a child interview, and a
parent interview. The ASD diagnoses included High
Functioning Autism (n = 9), Asperger’s syndrome
(n = 19), and PDD-NOS (n = 4).
The participating caregivers (hereby referred to as parents)
were 86.2 % female and 13.8 % male, and ranged in age from
30 to 62 years (M = 42.19, SD = 5.83). The ethnic background of the sample was generally Caucasian (89.7 %).
Family size varied, with 39.7 % having one child, 29.3 %
having 2 children, 19 % having 3 children, and 10.3 % having
4 children. Parents were generally well educated, with 51.7 %
having at least some college education and 48.3 % having at
least some graduate school education. The majority of parents
were married (86.2 %) and a fraction were either divorced
(12.1 %) or never married (1.7 %). The average total family
income fell in the $126,000–$150,000 range, which is typical
for the geographic location of the study. Typically developing
children and children with ASD were not statistically different
in terms of child age, parent age, parent gender, or total family
income. The groups did differ in terms of child gender
(v2(1) = 8.36, p \ .01), where children with ASD were more
likely to be male (97 %) compared to typically developing
children (69 %). Also, children with ASD, as a group, performed lower (M percentile = 61.2, SD = 37.8) than the
typically developing children (M percentile = 86.5, SD = 11)
on PPVT vocabulary, t (32.04) = 3.39, p \ .01.
Procedure
Participants were recruited through an ASD clinic within a
major children’s hospital, and comparison children were
recruited through advertisements, local schools, and family
organizations. Families participated in a larger study (**;
deleted for blind review) involving the child completing
other executive functioning tasks that are irrelevant to the
goals of the current study. Data were collected in two
small university laboratory rooms by two graduate
research assistants. Researchers first engaged in a 5-min
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rapport-building session, where they explained the contents
of the session to the parent and child. They obtained
informed consent from the parent (and assent from the
child) for both the child and parent to participate and to be
videotaped. The data collection sessions consisted of the
parent completing several questionnaires, the child completing several computerized cognitive tasks and in-person
assessments (for the larger study, not relevant here), and a
problem-solving task (described below) that was completed
twice—once collaboratively by parent and child together,
and subsequently by the child individually.
Tasks
Tower of Hanoi—Revised (TOH-R; Welsh et al. 1991)
In the TOH-R task, participants were shown a picture display
of three pegs with four colored discs on one peg in order of
ascending size. Their objective was to rearrange the physical
discs on their own pegs in the same way as in the picture, in
the fewest moves possible. This problem-solving task
involves transferring the entire tower of discs to one of the
other pegs, moving only one disc at a time and never placing
a larger disc on a smaller disc. The TOH-R task was video
recorded in a small room with the parent and child as a dyad.
Directions to the parent and child stated that the researchers,
‘‘Would like you to work on this task together as you would
normally,’’ and they were told that after they completed the
task together, the child would complete it alone. They were
told to take as much time as needed, but to try to complete it
in the fewest number of moves. The average amount of time
taken to complete the dyad TOH-R task was 3.31 min
(SD = 2.47), with a range of 50 s to 15 min.
Peabody Picture Vocabulary Test—III (PPVT-3; Dunn
and Dunn 1997)
The PPVT-3 is a widely used, normed and standardized,
receptive vocabulary test for individuals from 2 to 90 years
old. The test takes about 20 min to administer and provides
raw scores, age equivalent scores, and percentile ranks. The
examiner presents a series of pages that contain four
numbered pictures, and the child is asked to find the picture
that illustrates a certain word, either by verbally identifying
the number of the picture or by pointing to the picture. The
PPVT-3 has high internal consistency and test–retest reliability (Dunn and Dunn 1997), convergent validity with the
Wechsler Adult Intelligence Scale—Third edition (Bell
et al. 2001), and concurrent validity (Campbell et al. 2001).
Percentile scores, comparing the child’s vocabulary to the
national standardization table for others of the same age,
were used in this study, since raw PPVT scores were highly
correlated with child age (r = .87).
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Gesture Coding
Gestures were defined as actions between the time when a
moving hand entered the ‘‘gesture space’’ in front of a
person’s body and when the hand was ‘‘retracted into
neutral space or changed trajectory or location’’ (Iverson
and Braddock 2011, p. 77). The graduate student coder
was blind to the diagnoses of the children at the time of
coding from the videotapes. Coding was accomplished
after the completion of data collection by a different
research assistant than those who participated in data
collection. In accordance with definitions described by
Goldin-Meadow (2009a), the parent and child were each
coded for the frequency of five forms of gestures: deictic,
conventional, beat, iconic, and metaphoric. The total
number of each of the following gestures displayed by the
parent or the child during the dyad task was recorded. (1)
Deictic gestures were defined as those that indicated a
referent in the immediate environment (e.g., pointing at a
disc or peg, holding up a disc for the partner to see,
reaching for a disc, handing a disc to the partner). (2)
Conventional gestures were defined as those whose
meaning would be recognizable by others in the absence of
accompanying language (e.g., nodding the head ‘‘yes,’’
putting the arms out and palms up while shrugging
shoulders for ‘‘I don’t know,’’ clapping in praise, putting
hands out with palms and fingers flat for ‘‘stop’’ or ‘‘wait,’’
fist in the air for ‘‘victory’’). (3) Beat gestures were defined
as any formless movements of the hands or arms that
followed the rhythm of emphasizing accompanying speech
(e.g., flicking the hand up and down, rolling the wrist or
fingers while repeating, ‘‘What to do’’ in a melodic pattern
and cadence). (4) Iconic gestures were defined as those
that described the physical characteristics of an item or
object (e.g., referring to a big or small disc with the distance of hands, holding fingers steady illustrating a certain
disc size and demonstrating a bouncing motion of moving
the disc from peg to peg or a sliding movement of dropping the disc onto a peg). (5) Metaphoric gestures were
defined as those that captured abstract meaning (e.g.,
placing fingers on the forehead and throwing them forward
while spreading out the fingers for ‘‘thinking’’). A total
gesturing variable was created by summing the deictic,
conventional, beat, iconic, and metaphoric gestures
exhibited during the dyad TOH-R task by each participant.
Thus, for both parent and child, five separate gesture frequencies and a total gesture score were created. These raw
scores were then divided by the amount of time taken to
complete the dyad TOH-R task, thus creating gesture rates
for each of the five types of gestures and total gesturing
rate for the parent and for the child. To control for the
length of time taken to complete the TOH-R task (i.e. the
different amounts of opportunity to gesture during the dyad
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Table 1 Descriptive statistics on gesture rates
Typically developing
M

SD

Autism spectrum disorder
Range

% No gestures

M

SD

Range

% No gestures

Child
Total gesture rate*

2.66

2.87

0–12.5

7.69

.89

1.08

0–4.91

34.37

Deictic*

1.55

2.38

0–11.36

23.08

.40

.83

0–4.27

62.5

Conventional*

.85

.80

0–3.31

11.54

.29

.47

0–1.57

62.5

Beat

.17

.30

0–.89

69.23

.19

.41

0–2.0

68.75

Iconic

.09

.26

0–1.17

84.62

.07

.04

0–.21

96.88

0

0

0

100

0

0

0

100

Metaphoric
Parent
Total gesture rate

7.58

3.48

1.69–2.95

0

7.35

4.54

.87–20

0

Deictic

4.85

3.08

0–10.8

7.69

4.03

3.33

0–12.95

17.39

Conventional

1.80

1.83

0–6.91

3.85

2.05

2.43

0–10.86

21.74

Beat

.60

.56

0–1.89

30.77

.93

1.26

0–4.92

43.48

Iconic

.23

.36

0–1.26

57.69

.31

.69

0–3.75

82.61

Metaphoric

.10

.22

0–.82

76.92

.03

.11

0–.43

90.63

* p \ .05

task), gesture rates were used rather than raw gesture
counts.

Results

all of the girls were typically developing. In terms of total
gesture rate, there were group differences in children’s
overall rate of gesturing, with typically developing children
gesturing an average of 2.66 gestures per minute and
children with ASD gesturing an average of .89 gestures per
minute, t(30.78) = 1.77, p \ .01.

Question 1. Group Differences in Gesture Use
Parent Gestures
Child Gestures
Table 1 provides descriptive statistics on the gesture rates
(per minute) for dyads involving children with ASD and
typically developing children. To control for gender, we
entered gender (0 = girl, 1 = boy) and group (comparison = 0, ASD = 1) into multiple regressions with the total
gesture rate and the rate for each individual type of gesture
included as the dependent variables in turn. Whether or not
a child was diagnosed with ASD explained 5.8 % of the
variance in total gesture rate, controlling for gender (F(2,
57) = 5.46, p = .007). In terms of the types of gestures
used, children with ASD were significantly less likely to
use deictic (b = -1.08, p = .03) and conventional (b =
-.49, p = .01) gestures than children without ASD. There
were no group differences in use of beat (b = .06, p = .57)
or iconic gestures (b = -.09, p = .08); albeit both groups
rarely used these gestures, and no child ever used metaphoric gestures. Child gender was unrelated to total gesture
rate and most of the particular categories of gesture.
However, the rate of conventional gestures was significantly higher (F(1, 56) = 4.93, p = .03) for girls
(m = 1.0, SD = .84) than boys (m = .46, SD = .64), but

Parents of children with and without ASD did not differ in
their total gesture rate (t(56) = .21, p = .83) or in their rate of
gesturing in any of the five categories: deictic (t(56) = .96,
p = .34), conventional (t(56) = -.44, p = .66), beat
(t(44.61) = -1.30, p = .20), iconic (t(56) = -.52, p = .61),
or metaphoric (t(35.17) = 1.32, p = .20), according to
independent samples t tests. Worth noting is the rarity of
expressing iconic and metamorphic gestures for either group.
Regression models were also run controlling for child gender,
as was done above for child gesturing, with the same lack of
significant findings for child diagnosis or for child gender on
parent gestures.
Question 2. Relations Between Gesture Use and Child
Receptive Language Skill
We addressed our second research question having to do
with relations between parent and child gesture use and
child language competence in two ways. First we correlated total gesture use rates with child PPVT performance,
overall, and for each group separately. These correlations
can be in seen Table 2 for parent gestures and in Table 3
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Table 2 Correlates of parent total gesture rate
Typically
developing
Parent’s age
Number of children

.02
a

Education
Family income

-.20
.23

ASD

Total
sample

-.16

-.11

.42*
-.19

.20
-.01

.27

-.26

-.07

Child Age

-.41*

-.36*

-.37**

Child birth order

-.07

Child gender (male)
Child vocabulary

-.22
-.05

Child’s gesture ratea

-.12

Joint TOH performance

-.19

Child TOH performance

.41*

.36*
-.06
-.21
.40*

.19
-.13
-.15

-.22

-.21

.13

.17

Fisher test for difference in correlations p \ .05

Table 3 Correlates of child total gesture rate
Typically
developing

ASD

Parent’s age

.06

.36*

Number of children

.10

.38*

Total
sample
.04
.24

Education

-.22

-.30

-.20

Family income

-.20

-.37*

-.22

Child age

.26

.07

Child birth order

.14

.06

.11

Child gender (male)
Child vocabulary

-.14
.14

.09
.28

-.24
.27*

Joint TOH performance

-.05

-.28

-.13

Child TOH performance

.09

-.05

-.07

.09

* p \ .05

for child gestures. Recall that we are using PPVT percentile scores that control for child age and compare the child
to the national standardization sample for his or her age
group. Child overall gesture rate was positively and significantly related to child PPVT vocabulary, but parent
overall gesture rate was not associated with child vocabulary. We also ran the same correlations on the five subtypes
of gestures. Patterns of interest were noted for the two most
common gesture types (deictic and conventional). Deictic
gestures by parents (but not by child) were negatively
correlated, r = -.25, p = .07, with child vocabulary for
the total sample and this association was stronger for
children with ASD, r = -.43, p \ .05, than it was for
typical children, r = -.18, ns. Conventional gestures by
the child (but not by parent) were more common among
children with higher vocabularies, r = .28, p \ .05 among
the total sample, and the same pattern was seen for both
groups (r = .29 for typical and r = .14 for ASD).
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Question 3. Demographic Correlates of Gesture Use

.07

* p \ .05; ** p \ .01
a

Given that some of the correlations above between
vocabulary and gesture use differed by group, our second
way of answering research question 2 was through moderated multiple regression. We predicted parent or child
gesture rate by entering gender, group, and vocabulary in
the first step and then adding the interaction term between
group and vocabulary in a second block. We did this for
overall gesture use and for deictic and conventional gestures. In no cases did the interaction between group and
vocabulary become statistically significant.

To understand other correlates of gesture use, correlation
matrixes were produced separately by group, showing relations between child and family demographic variables
(parent age, number of children in family, parent education,
family income, child age, child birth order) and total parent
gesture rates (Table 2) and total child gesture rate (Table 3).
In addition to evaluating the correlations for statistical significance by comparing them to 0, they were also compared
between groups using Fisher’s test for the difference between
two correlations. The correlates of parent gesturing appeared
to be somewhat different, depending on the diagnosis of the
child (Table 2). Parents of both the comparison group and
children with ASD gestured at higher rates with younger
children. For parents of typical children, there were no other
significant correlations between parent gesturing and the
other child or parent background characteristics. However,
parent gesturing involving children with ASD was related to
a few more variables. Parents of children with ASD gestured
at higher rates when they had more children at home, and
with their later-born children. The only dimension, however,
where the correlations differed significantly between the
ASD and non-ASD group according to Fisher’s test was for
the number of children in the family. Parents of children with
ASD had higher rates of gesturing when they had more
children; whereas, parents of typically developing children
had lower rates of gesturing when they had more children
(Table 2).
Also included at the bottom of Table 2 are the associations between parent gesture and child gesture rates during the joint session. It is notable that parent and child
gesture use were unrelated to each other for the typical
group but positively correlated among dyads involving a
child with ASD. So, the more the parent gestured, the more
the child with ASD gestured, and vice versa. The difference between these two correlations was significant,
p \ .05. Also included at the bottom of Table 2 are the
correlations between parent gesture and dyadic and individual performance on the TOH task (total number of
moves, so that bigger numbers indicate poorer performance). Table 2 shows that parent gesture was not
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significantly correlated with performance on the joint nor
the individual TOH for children with ASD. However,
parent gesture was positively correlated with typically
developing children’s performance on the TOH task by
themselves afterward (r = .41, p \ .05), meaning children
whose parents gestured more during the dyadic session
performed worse (took more moves to complete) later on
the individual TOH task.
Table 3 shows the correlates of child gesture use. Here
again, there were more significant associations between
background variables and child gesture rate among the
children with ASD than among typically developing controls. Children with ASD used more gestures as the age of
their parent increased, and as the size of their family
increased. ASD child gesture use was negatively associated
with family income. These associations were not significant among the typically developing group. For the overall
sample, child gestures were positively associated with
PPVT vocabulary, indicating that, in general, children with
more language skills gestured more than those with less
receptive language skills. In addition, the bottom of
Table 3 shows that there were no significant correlations
between child gesture rate and their performance on either
the dyadic or the individual TOH task for either typically
developing children or children with ASD.

Discussion
This research investigated parent and child gesture use
during a joint problem-solving task for children with and
without ASD, and examined relations between gesture use,
child language skills, and demographic variables. In support of the current understanding of the deficits of ASD, we
found that receptive language skills, as measured by the
PPVT-3, were lower for children with ASD than for typically developing children. Children with ASD were also
more likely to be male; however, there were no gender
differences in gesture use for either group. Children with
ASD were less likely to gesture and gestured at lower rates
during the dyad TOH-R task with their parents and were
specifically less likely to use deictic (i.e. pointing and
reaching) or conventional (i.e. nodding) gestures compared
to typically developing children. This reduced use of
deictic and conventional gestures may relate directly to the
social communication deficits seen in ASD, as signs of
poor joint attention. Although there have been successful
interventions recently for parents and teachers facilitating
joint attention skills in toddlers and young children with
ASD (Kasari et al. 2012; Landa et al. 2011; Schertz et al.
2013; Wong 2013), the present research shows that deictic
and conventional gestures specifically may be a new
potential target skill for communication programs.
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Several language training programs for children with
ASD, such as the Picture Exchange Communication System (PECS), attempt to train children on iconic or metaphoric gestures to provide them with a means of expressing
their needs and desires. Children with ASD gestured similarly to typically developing children in regards to iconic
gestures, which supports research by Ham et al. (2010) that
showed no ASD deficit for pantomime gestures about the
use of objects. This also supports the research which shows
that infants and younger children with ASD gesture less
than typical children, but that those deficits may in fact be
for intransitive communicative gestures only (De Marchena and Eigsti 2010; Hudry et al. 2010). Metaphoric and
beat gestures were almost never displayed by children in
either group in this study. This may suggest that the tower
task does not elicit all categories of gesture and that other
tasks and parent–child scenarios should be explored to
assess the roles of various types of gestures. Although the
TOH task has been used previously to study gesture use in
relation to problem solving, subcategories of gesture were
not examined (Garber and Goldin-Meadow 2002).
It is also possible that certain types of gestures are
generally rarer in older children, such as those examined
here. Little research has investigated the incidence of different categories of gesture beyond the toddler years. One
study by Roth and Lawless (2002) found that children
between the ages of 9 and 18 used more metaphoric gestures and fewer beat or deictic gestures when explaining
abstract physics concepts that they had not fully comprehended. However, when explaining abstract concepts that
they had mastered, the students used more beat and deictic
gestures than metaphoric gestures. This shows that the type
of gesture used in problem-solving situations certainly
varies depending on the task and child competence.
Capone and McGregor (2004) highlighted the importance
of extending gesture research to older children and young
adults. Research on infants and toddlers clearly shows that
gesture serves as a scaffold for cognitive development while
verbal skills are being acquired. This means that infants
replace gestures with words over time (Namy and Waxman
2002), and early gesture use is related to subsequent
vocabulary (Mayberry and Nicoladis 2000) and schoolreadiness (Goldin-Meadow 2009b). Specifically, deictic
gestures predict noun vocabulary development (Iverson and
Goldin-Meadow 2005), and, once some basic verbs are
acquired, iconic gestures can predict later verb vocabulary
(Ozcaliskan et al. 2013). Cartmill et al. (2013) showed that
the quality of parent gestures toward their infants predicted
the size of their child’s vocabulary 3 years later. Perhaps
gesture use with older children also scaffolds the development of other cognitive and linguistic skills, especially
among children with intellectual disabilities. Linking
parental gesture use to older children’s language and
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cognitive growth is more complex, requiring different
methods and designs than that used in the current study. In
the current study, we did not examine the ‘‘quality’’ of
parental gestures with respect to the moment-to-moment
cognitive demands of the task, however the lack of a correlation between the global frequency of parental gestures and
children with autism’s later individual performance on the
TOH task suggests that parental gesture use in ASD is not
importantly related to child cognitive competence. That is, it
was not the case that parents used more gesture with lower
functioning ASD children who would go on to struggle with
the TOH task, nor was it the case that gesture use by parents
was reserved for the children who were more competent with
the task. There was simply no association between amount of
parent gesture use and child task performance for dyads
involving children with ASD. Interestingly, among the typical children, increased parental gesture was found for the
children who tended to struggle with the TOH individually.
This suggests that the supplemental nonverbal communication tool of gesture might be used, at least by parents of
typically developing children, in the context of task difficulty
or cognitive challenges, not unlike how children use private
speech (self talk) as a tool for problem solving during difficult tasks (Winsler et al. 2007).
Interestingly in the present study, parents gestured at the
same rate to their child, regardless of whether the youth
was typically developing or diagnosed with ASD. Thus, it
does not appear to be the case that older children with ASD
are receiving impoverished gesture input from their parents
during joint activities, nor does it appear that parents of
children with ASD are overcompensating for their child’s
verbal communication deficits by using extra gestures. Our
finding of no group differences in parent gesture is in
contrast to Wan et al. (2012), who found that parents of
younger children with ASD tended to use more directive
gestures during interactions compared to controls. This
brings to light the potential contribution of communicative
growth and development in parent–child interactions.
Perhaps initially more directive parents assist their child’s
language development and communication skills through
extra gesturing and then ultimately fade their nonverbal
prompts to a typical level and rate. Research by GoldinMeadow (2009b) supports this notion of the indirect reciprocity effects of gesturing, where the communicative
environment between parent and child adapts to gesture
and verbal cues to promote language development. A
strength of the current study was that it involved an older
sample for investigating parent–child interactions and
gesture, since the bulk of previous research in this area has
focused on early gesture and intervention in infants and
toddlers. Clearly longitudinal research is needed to examine whether the above-hypothesized developmental changes in parent gesture use over time with children with ASD
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is true. It is important to point out in this connection,
however, that the children with ASD included in the current study were relatively high functioning and quite verbal. The patterns of gesture use described here by parents
and children might not be similar to those observed with
lower-functioning children on the spectrum. Further
research will need to explore parent and child gesture use
across a wide range of age and verbal ability levels.
It was interesting that specifically for dyads involving a
child on the spectrum, parent and child gesture rates were
positively correlated—the more one member of the dyad
gestured, the more the other one did as well, suggesting
that both were using gesture for adaptive communicative
purposes. This was not the case for dyads involving typical
children, in which a small negative correlation was found.
Perhaps gesture plays a special role in the problem-solving
communication that occurs between parents and their
children with autism.
Another goal of this study was to determine the correlates of parent and child gesture during joint problem
solving and see whether they were the same for children
with ASD and typical children. First, it was notable that for
the overall sample and somewhat stronger for children with
ASD, children with higher receptive language skills tended
to gesture more than those with weaker vocabularies, and
this was particularly true for conventional gestures (i.e.,
nodding). This suggests that, rather than being used as a
compensatory tool for those with poor oral language skills,
gesture use by children during joint problem solving
appears to be a mature communication strategy covarying
with stronger language skills in general. Parents of both
groups of children, however, tended to gesture more with
younger children than with older children, and parents
(especially parents of children with ASD) used more
deictic (i.e., pointing) gestures with children who had
weaker receptive language skills. Since deictic gestures are
only useful in referring to immediate surroundings, this
type of communication may be useful for directing
behavior and cognition during moment-to-moment situations. Children with poor receptive language skills may
need more instantaneous and concise language guidance
from their parents. Grimminger et al. (2010) showed that
maternal gestures toward their late talkers were qualitatively different than those with typically developing talkers. Specifically, gestures toward late talkers were more
deictic, more frequent, and longer in duration, and these
aspects were fine-tuned to the level of their child’s speech
deficit.
Several unanticipated demographic correlates of gesture
were found specifically among dyads involving children
with ASD. Parents of children with ASD gestured more
with the target child when there were more children/siblings in the home and when the target child was later-born,
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a pattern not observed in the typically developing group.
Similarly, specifically autistic children with older parents
and more siblings gestured at higher rates than autistic
children from smaller families with fewer siblings. This
suggests that communication dynamics and gesture use in
families with an autistic child vary depending on the size of
the family and presence of older siblings. This is an area
that deserves research attention in the future.
Although, this study provides much-needed information on the dynamics of parent-adolescent gesture use
during joint problem solving among families with a child
on the spectrum, there are several limitations worth
noting. First, the analyses are correlational and global in
nature. Future studies may wish to use microanalytic,
qualitative methods, and/or sequential analysis to examine in more detail the moment-to-moment dynamics of
parent–child communication during joint activity and
determine how particular gestures or communicative
strategies by one member of the dyad influence gesture
use in the other. Second, we only investigated high
functioning, highly verbal children with ASD. Gesture
use and communication strategies during joint problem
solving likely differ for lower functioning children with
ASD, and this should be explored in future studies. Our
relatively small sample sizes also made it difficult to find
statistically significant differences, even in the presence
of moderate effect sizes. Third, we were limited to using
the PPVT as the only measure of child language ability,
when a more comprehensive assessment of language
competence, including language production, would have
been better. Similarly, we did not have a standardized
way of measuring autism severity, which also restricts
the strength of our conclusions. Fourth, the participants
in this study were not matched on language; however,
matching on language would have been difficult to
achieve because of the subtle ways in which children
with ASD differ from typically developing children with
respect to language. Furthermore, since gesture was the
dependent variable of interest and also a prominent area
in which children with ASD and typically developing
children differ, matching well on language seemed illadvised to us. Finally, we only examined gesture use in
one planning task, and gesture use is likely to vary
depending on the nature and complexity of the task (and
the individual’s skill) (Roth and Lawless 2002). In
addition, the iconic and metaphoric types of gestures
were rarely seen during this task, so research with other
parent–child collaborative activities would be welcome.
In summary, this study investigated the relationship
between gesture, communication, and language in a parent–child collaborative task among school-age and adolescent children with and without ASD. Although there
does not appear to be anything different about the gestural
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input that children with ASD receive when collaborating
with their parents on tasks, there were several differences
in the way gestures were used by children with ASD and
typically developing children, which suggest potential
avenues for intervention.
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