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Infants who develop autism show smaller inventories of deictic and
symbolic gestures at 12 months of age
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Abstract
Gestures are an important social communication skill that infants and toddlers
use to convey their thoughts, ideas, and intentions. Research suggests that early
gesture use has important downstream impacts on developmental processes, such
as language learning. However, autistic children are more likely to have chal-
lenges in their gestural development. The current study expands upon previous lit-
erature on the differences in gesture use between young autistic and non-autistic
toddlers by collecting data using a parent-report questionnaire called the MCDI–
Words and Gestures at three time points, 12, 18, and 24 months of age. Results
(N = 467) showed that high-likelihood infants who later met diagnostic criteria
for ASD (n = 73 HL-ASD) have attenuated gesture growth from 12 to 24 months
for both deictic gestures and symbolic gestures when compared to high-likelihood
infants who later did not meet criteria for ASD (n = 249 HL-Neg) and low-
likelihood infants who did not meet criteria for ASD (n = 145 LL-Neg). Other
social communicative skills, like play behaviors and imitation, were also found to
be impacted in young autistic children when compared to their non-autistic peers.
Understanding early differences in social communication growth before a formal
autism diagnosis can provide important insights for early intervention.

Lay Summary
As infants learn to talk, they use gestures to communicate. In this study, we used
a parent-report questionnaire to look at the group level differences of gestures in
the first 2 years of life by comparing infants who later developed autism to infants
who did not develop autism. We found that infants who later developed autism
have fewer gestures and a slower rate of gesture growth compared to infants who
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did not develop autism. Play behaviors and imitation skills were also impacted in
young autistic children when compared to their non-autistic peers.
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INTRODUCTION

Symbols are an important hallmark of communication
development (Deloache, 1995; Tomasello et al., 2005).
Using symbols allows for representation of meaning
(DeLoache, 2004). For example, in young children, a
banana can represent a telephone during pretend play, or
the act of waving hands can represent saying “goodbye.”
Symbolic communication can take many forms: gestures,
words, and even drawings. For children, immersion in
the symbolic world begins early in development
(Rakoczy et al., 2017). However, signs of emerging sym-
bolic communication skills for young children are diffi-
cult to discern until they can demonstrate them through
motor acts like gestures.

Development of communicative gestures and
representational skills

In the first 2 years of life, gestures develop gradually. The
first form of gestures that emerge are intentional commu-
nicative gestures (also called deictic gestures). Infants
usually demonstrate deictic gestures at around 8 to
10 months of age (Bretherton & Bates, 1979). Deictic ges-
tures include showing, pointing, giving, and reaching to
communicate based on the environmental context
(Iverson et al., 1994). These initial forms of gestures usu-
ally appear before or around the emergence of spoken
language; hence, these types of gestures are often
called prelinguistic gestures (Colonnesi et al., 2010; Iver-
son & Goldin-Meadow, 2005; Liszkowski, 2014;
Spencer, 2011).

The mastery of deictic gestures sets the stage for more
advanced forms of gestures, like symbolic gestures
(Werner & Kaplan, 1964). Symbolic gestures require the
symbolic system and representational skills. The symbolic
system refers to the ability to use symbols to represent
absent objects, and representational skill refers to the
ability to link a symbol to a referent (Bates et al., 1979;
Corrigan, 1983; Piaget, 1952). It is speculated that deictic
gestures help build the foundation for the symbolic sys-
tem because the development of symbolic understanding
occurs when children’s pointing elicits referent-labeling
of objects from caregivers (Goldin-Meadow, 2007). By
connecting the labels to the referent, infants learn to
understand what the referent symbolizes (e.g., pointing to
a ball reflects that a spherical shape represents a ball).
This type of learning is a precursor to the development of
object-word pairings in young children.

As infants mature past 11 months, they begin to use
play schemes to learn how to use symbols to communi-
cate meaning (Fein, 1981; McCune, 1995, 2009). Play
schemes are carried out when toddlers are using the func-
tional aspects of the object (e.g., a telephone used as a
telephone) and are manipulating the referent
(e.g., banana as a telephone). Examples of play schemes
are functional play, pretend play, and symbolic play.
While these are not necessarily considered true forms of
gestures, as they do not meet the communicative and
symbolic criteria described by Acredolo and Goodwyn
(1988), they do help children understand the relationship
between two objects (Escalona, 1973; Thiemann-Bourque
et al., 2019). Ultimately, this type of learning allows tod-
dlers to carry out symbolic representation as they learn
how to decontextualize sensorimotor schemes from the
referents to create abstract symbols (McCune-
Nicolich, 1981; Orr, 2020; Werner & Kaplan, 1964).

As toddlers practice deictic gestures and play
schemes, they begin to develop the skill of combining
mental representations of relationships between objects.
At this stage, children begin to understand that objects,
events, and people have properties that can be indepen-
dent of their own actions (Corrigan, 1983). This leads to
the emergence of symbolic gestures (also called represen-
tational gestures; Acredolo & Goodwyn, 1988). Symbolic
gestures convey specific intentions, and the message of
these gestures can be conveyed in different social and sit-
uational contexts (Iverson et al., 1994; Stefanini
et al., 2009). These gestures include actions that represent
a specific semantic meaning through an identified refer-
ent, like flapping arms to represent a bird, and cultural-
bound gestures like nodding to say “yes” (Manwaring
et al., 2019). Demonstrations of advanced representa-
tional skills occur when toddlers can create abstract sym-
bols to communicate with a social partner (e.g., throwing
action to represent “ball”).

Gestures facilitate language and cognition

Gestures are an important developmental milestone for
infants and toddlers because gestures facilitate language
and cognitive development. Symbols in gestures are
thought to share common origins with linguistic symbols,
like spoken language (Piaget, 1962, p. 19). Symbolic skills
in gestures and spoken language require mental represen-
tation (Piaget, 1952), and mental representation is a cog-
nitive skill (Corrigan, 1983). Early gesture use enables
growth in language and cognition due to the early
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training in linking symbols to referents, resulting in the
overall growth of the symbolic system (Clough &
Duff, 2020; Goldin-Meadow, 2015; Goldin-Meadow &
Alibali, 2013; Tomasello, 2010). Hence, gestures are posi-
tively associated with language and cognition (Goldin-
Meadow & Alibali, 2013; Golomb & Cornelius, 1977;
Iverson & Goldin-Meadow, 2005; Kelly et al., 2010;
Kuhn et al., 2014; McCune, 1995; McGillion et al., 2017;
Orr & Geva, 2015; Özçalışkan et al., 2016; Rowe
et al., 2008).

Parental inventories of gestures and symbolic
abilities

The MacArthur-Bates Communicative Developmental
Inventory—Words and Gestures (MCDI–Words and
Gestures; Fenson et al., 2006) is a parent-report ques-
tionnaire that has been used by researchers to mea-
sure the development of communicative and symbolic
gestures (Choi et al., 2020, 2021; Lucca &
Wilbourn, 2018; Morin-Lessard et al., 2021; Talbott
et al., 2015). Specifically, the instrument delves into
the developmental milestones of symbolic gestures,
from deictic gestures to early emerging symbolic ges-
tures. As the questionnaire investigates the develop-
ment of symbolic gestures, it also taps into the
development of representational skills. While the
MCDI–Words and Gestures is intended to capture
the development of typical children between the ages
of 8 and 18 months of age, researchers have used the
instrument outside this age range to assess the gesture
profiles of autistic children (Choi et al., 2020;
Franchini et al., 2018; Iverson et al., 2018; West
et al., 2020).

The MCDI–Words and Gestures is divided into
two categories: Early Gestures and Later Gestures.
Early Gestures consists of deictic gestures, conven-
tional gestures (culturally bound gestures like nodding
to say “yes”), and games and routines (e.g., playing
patty cake). Demonstration of these social-
communicative actions are examples of interacting
with the social world (Vallotton & Ayoub, 2010), and
these skills are necessary for the development of early
symbolic abilities. On the other hand, Later Gestures
represent the improvement of symbolic skills. Items in
Later Gestures include imitating adult actions, knowl-
edge of appropriate usage of items and actions (func-
tional play), and using objects to represent other
objects (symbolic play). To demonstrate Later Ges-
tures, children need to understand the meaning and
intention behind complex adult behaviors and object
use (Acredolo & Goodwyn, 1988; Fenson
et al., 2006). Items in Later Gestures are not consid-
ered “true” gestures; however, they are motor acts
that facilitate symbolic understanding. Thus, Later
Gestures is sometimes called symbolic gestures.

Challenges in gestures for ASD children

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder that is associated with challenges in social
communication and interactions as well as the presence
of restricted and repetitive patterns of behavior
(American Psychiatric Association, 2013; CDC, 2020).
As gestures are a social behavior, challenges and delays
in deictic and symbolic gestures use for ASD individuals
are documented and likely to occur (Choi et al., 2020;
Gonz�alez-Sala et al., 2021; Iverson et al., 2018; Ramos-
Cabo et al., 2019; Ramos-Cabo et al., 2021; West
et al., 2020). These differences have been found using a
variety of research measurements including parent-report
questionnaires (Choi et al., 2020; Iverson et al., 2018),
retrospective video recordings (Colgan et al., 2006;
Watson et al., 2013), behavioral coding (Delehanty &
Wetherby, 2021, 2022; Thiemann-Bourque et al., 2012,
2019), and behavioral assessments (Hobson et al., 2015;
Lee et al., 2016; Talbott et al., 2015; Veness et al., 2012;
Ye et al., 2021).

Before 2 years of age, autistic children often produce
fewer gestures and have a smaller inventory of gestures
when compared to non-autistic children. Group differ-
ences in gesture use have been reported for infants who
are at high likelihood for ASD (HL) and later meet diag-
nostic criteria for ASD (HL-ASD; Choi et al., 2020;
Franchini et al., 2018; Iverson et al., 2018; Manwaring
et al., 2018; Mitchell et al., 2006). For example, Iverson
et al. (2018) conducted a small study (n = 14 HL-ASD)
that looked at the trajectory of gesture development from
8 to 14 months of age for infants with and without high
likelihood for ASD by collecting the quantity of gestures
with the MCDI–Words and Gestures. The researchers
found that HL-ASD infants have attenuated gesture
development from 8 to 14 months of age in both Early
and Later Gestures when compared to three peer groups:
infants with low likelihood for ASD who did not meet
criteria for ASD (LL-Neg), infants with high likelihood
for ASD who did not meet criteria for ASD (HL-Neg),
and infants with high likelihood for ASD who showed
signs of early language delays (HL-LD).

In another study including infants with a family his-
tory of autism, Franchini et al. (2018) collected longitudi-
nal MCDI–Words and Gestures data on gesture use
when infants were 9 to 24 months of age. Using a data-
driven (i.e., agnostic to diagnostic outcome) approach,
results revealed three developmental trajectories: high,
intermediate, and low gesture inventories. In addition,
results showed that there was a greater percentage of the
HL-ASD group in the low trajectory group when com-
pared to the percentage of HL-Neg and LL-Neg infants.
However, when comparing across the HL-ASD infants,
more HL-ASD infants fell into the intermediate trajec-
tory than in the low or high trajectories.

Symbolic skills within the first 2 years were
also found to be affected in autistic children

WU ET AL. 3



(Christensen et al., 2010; Landa et al., 2007; Wetherby
et al., 2004, 2007). Specifically, Christensen et al. (2010)
and Landa et al. (2007) found that HL-ASD infants
(respectfully) showed less functional and symbolic play
than HL-Neg and LL-Neg infants. Using a population
screening approach, Wetherby et al. (2004, 2007) found
similar results. Toddlers who met the criteria for autism
at 30 months of age showed less functional and symbolic
play compared to toddlers without autism. Overall indi-
cations in the literature suggest that autistic toddlers are
more likely to be challenged in the mastery of symbolic
skills.

These challenges in symbolic skills are persistent
beyond the first 2 years of life for many autistic children
(Hobson et al., 2013, 2015; Jarrold, 2003; Lee
et al., 2016; Rutherford et al., 2007; Rutherford &
Rogers, 2003; Strid et al., 2013; Thiemann-Bourque
et al., 2019). Hobson et al. (2013) tested pretend play
skills in autistic children aged 2–7 years and a language-
matched group of non-autistic children with developmen-
tal delays. Hobson et al. found lower pretend play scores
in the autistic group when compared to the developmen-
tal delay group—a pattern suggesting that challenges in
the symbolic skills specific to pretend play may be
uniquely impacted by autism. Lee et al. (2016) added
more nuance to the symbolic difficulties in autistic chil-
dren as they found that autistic children between the ages
of 3 and 7 years had more difficulties generating symbolic
play on their own than their non-autistic peers. Taken
together, the results from previous studies suggest that
challenges in symbolic skills are present early on and con-
tinue to be a challenge for some autistic children well into
the school age years.

Goals of the current study

Despite a growing body of literature on the challenges
many autistic children experience with communicative
gestures and symbolic skills, there are limited longitudi-
nal studies that investigate gesture use within the first
2 years of life. Of the existing literature, only two studies
have looked at the development of symbolic gestures
along with communicative gestures during infancy, and
neither study included a time point beyond 14 months of
age (Iverson et al., 2018; West et al., 2020). The goal
of the current study is to use a prospective research
design with a large sample of infants to assess the devel-
opment of communicative and symbolic gestures in the
first 2 years. To accomplish this goal, the MCDI–Words
and Gestures measure (Fenson et al., 2006) was collected
at 12, 18, and 24 months of age from parents of infants
with an increased likelihood of autism who later meet
diagnostic criteria for autism (HL-ASD, n = 73). Control
groups included infants with a high likelihood of having
autism who were not diagnosed with autism (HL-Neg,
n = 249) and infants with a low likelihood of having

autism who were not diagnosed with autism (LL-Neg,
n = 145). We hypothesize that the HL-ASD group will
have smaller Early and Later Gestures inventories at all
three time points and show attenuated growth relative to
the HL-Neg group and the LL-Neg group.

METHODS

Participants

Data from this study were collected by the Infant Brain
Imaging Study (IBIS) Network at four locations: the
University of North Carolina at Chapel Hill, the Univer-
sity of Washington, The Children’s Hospital of Philadel-
phia, and Washington University in St. Louis. Families
were enrolled in the study when infants were between
3 and 12 months of age, with follow-up assessments at
12, 18, and 24 months of age. Institutional Review
Boards approved the study procedures at each of the four
data collection sites. Written informed consent was
obtained from the parent or legal guardian of all partici-
pants prior to enrollment. The LORIS data management
platform served as the behavioral and clinical hub for
data collection, curation, and archiving (Das
et al., 2016).

The present study includes infants who (1) completed
the MCDI–Words and Gestures (Fenson et al., 2006) at
12, 18, and/or 24 months and (2) completed assessments
for clinical best estimate diagnosis of ASD at 24 months
(N = 467; 274 Male and 193 Female; see Table 1). Partic-
ipants who were outliers based on chronological age
older than 27 months of age on the MCDI–Words and
Gestures (N = 8; 2 LL-Neg, 5 HL-Neg and 1 HL-ASD)
were excluded from the analyses because such data have

TABLE 1 Participant demographic.

LL-Neg HL-Neg HL-ASD

n 145 249 73

Sex (%)

Female 60 (41%) 116 (47%) 17 (23%)

Male 85 (59%) 133 (53%) 56 (77%)

Race (%)

African American 4 (3%) 5 (2%) 2 (3%)

Asian 2 (1%) 4 (2%) 1 (1%)

More than one 11 (8%) 22 (9%) 11 (16%)

Unknown 0 (0%) 1 (0%) 1 (1%)

White 128 (88%) 217 (87%) 58 (78%)

Hispanic (%) 6 (4%) 15 (6%) 4 (5%)

Maternal Ed (%)

Some college or less 19 (13%) 74 (30%) 33 (45%)

College degree 61 (42%) 113 (45%) 23 (32%)

Graduate degree 65 (45%) 62 (25%) 17 (23%)
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the potential to influence longitudinal trajectories. Clini-
cal best estimate diagnoses were made by licensed clini-
cians based at 24 months of age on DSM-IV TR criteria
for autistic disorder or pervasive developmental
disorder–not otherwise specified (hereafter ASD) using
all available assessment data (Estes et al., 2015). Mate-
rials include the Autism Diagnostic Observation Schedule
(Lord et al., 2000), the Autism Diagnostic Interview-
Revised (Rutter et al., 2003), the Mullen Scales of Early
Learning (Mullen, 1995), and the Vineland Adaptive
Behavior Scales II (Sparrow et al., 2005). A priori exam-
iner training and administration and scoring reliability
procedures were implemented to ensure comparability of
data across sites. Further details of the assessment and
diagnostic protocol can be found in Estes et al. (2015).

Infants were separated into three groups: HL-ASD,
HL-Neg, and LL-Neg. Infants were considered HL if
they had an older sibling with ASD confirmed with the
Autism Diagnostic Interview-Revised and medical
records. HL infants were grouped as HL-ASD if the
infants themselves met the clinical best estimate for ASD
at 24 months. HL infants were grouped as HL-Neg if the
infants did not meet the clinical best estimate for ASD at
24 months. LL-Neg infants had siblings that were typi-
cally developing, no first-degree relatives with ASD, and
did not receive a diagnosis of ASD themselves at
24 months.

Procedure

The MCDI–Words and Gestures is a parent-report
questionnaire designed to capture early language and
communication development for typically developing
children between the ages of 8 and 18 months
(Fenson et al., 2006; Hutchins, 2013). However, this
inventory has been used in various clinical and non-
clinical populations, with the same efficacy in asses-
sing language and communication skills, including
autistic children from 8 months of age up to
36 months (Charman et al., 2003; Iverson et al., 2018;
Luyster et al., 2008; Mitchell et al., 2006; Smith
et al., 2007). To measure the growth of gestures in
the first 2 years of development and because it is
expected that some HL infants may have language
delays (HL-ASD and HL-Neg), the MCDI–Words
and Gestures form was collected at 12, 18, and
24 months of age (Landa & Garrett-Mayer, 2006;
Swanson et al., 2017). The current work focuses on
the Actions and Gestures section of the MCDI, which
includes sections on Early and Later Gestures. Early
Gestures consists of “First Communicative Gesture”
and “Games and Routines,” with a total possible raw
score of 18. Later Gestures consist of “Actions with
Objects,” “Pretending to be a Parent,” and “Imitating
Other Adult Actions,” with a total possible raw
score of 45.

Analysis

To longitudinally characterize the development of
gesture inventories for each group, general linear
mixed models were used to analyze both Early and
Later Gestures with the lmerTest package
(Kuznetsova et al., 2020) in R 4.1.0 (R Core
Team, 2021). General linear mixed models were used
because this program can analyze repeated dependent
variables and can handle missing data through maxi-
mum likelihood estimation. Dependent variables for
the models were Early and Later Gestures raw scores
from the MCDI–Words and Gestures. Predictor vari-
ables included the diagnostic grouping at 24 months,
chronological age in months, and the interaction
between diagnostic grouping and chronological age.
Covariates were selected a priori and included the
sex of the infants, the data collection sites, and
maternal education. These covariates were included
in all models. A random intercept for each partici-
pant was included in the models to account for
repeated measures. To compare the differences in
gesture growth in Early and Later Gestures, esti-
mated marginal slopes were used as a pairwise com-
parison with a Tukey correction. Estimated marginal
slopes were estimated with the R package emmeans
(Lenth et al., 2022).

Cross-sectional analysis with generalized linear
models was used to look at the effect sizes for the
main effects of diagnostic grouping and age and the
effect sizes of pairwise differences within the diagnos-
tic grouping at 12, 18, and 24 months. Generalized
linear models for cross-sectional analyses were per-
formed with the stats package in R (R Core
Team, 2021). Dependent variables were Early and
Later Gestures from the MCDI–Words and Gestures.
Predictor variables were diagnostic grouping and
chronological age in months. Covariates include the
sex of the infants, the data collection sites, and
maternal education. Effect sizes (eta-squared; η2) for
the main effects of diagnostic grouping and chrono-
logical age in months were conducted with the
effectsize R package (Ben-Shachar et al., 2020).
Effect sizes, eta-squared, were estimated using the
sum of squares of the main effects divided by the
total sum of squares. Cohen’s d was used for effect
sizes of the pairwise differences for the diagnostic
grouping using the emmeans R package (Lenth
et al., 2022). Cohen’s d was computed using the esti-
mated pairwise differences divided by the standard
deviation of the data.

RESULTS

We examined the differences in longitudinal gesture
inventories across three different groups: LL-Neg,
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HL-Neg, and HL-ASD. Table 2 gives the means
and standard deviations of the different groups
per visit. Data S1 shows the voilin plots per time-
point for Early and Later Gestures. Data S2 shows
the full results of the general linear mixed models.

Early gestures

Figure 1 shows the longitudinal results of Early Gestures
for which there was a significant interaction between
diagnostic group and chronological age, F(2,459) = 9.44,

TABLE 2 Age, Macarthur-Bates Communicative Development Inventory—Words and Gestures scores, and Mullen Scales of Early Learning:
expressive and receptive language scores.

LL-Neg HL-Neg HL-ASD

Mean (SD) Mean (SD) Mean (SD)

Age 12 months

n 112 199 57

Age (months) 12.60 (0.65) 12.57 (0.56) 12.60 (0.63)

Mullen expressive 12.83 (2.76) 11.94 (2.94) 10.34 (2.90)

Mullen receptive 12.40 (1.93) 11.14 (2.44) 9.70 (2.52)

Early raw scores (SD) 10.70 (2.63) 10.09 (2.94) 8.26 (3.34)

Later raw scores (SD) 14.30 (7.46) 11.23 (6.67) 8.79 (6.34)

Age 18 months

n 51 80 23

Age (months) 18.45 (0.64) 18.35 (0.92) 18.38 (1.00)

Early raw scores (SD) 14.88 (2.22) 14.18 (2.63) 11.74 (4.03)

Later raw scores (SD) 29.46 (7.24) 26.27 (7.44) 20.23 (7.83)

Age 24 months

n 108 183 60

Age (months) 24.59 (0.73) 24.64 (0.69) 24.53 (0.78)

Mullen expressive 25.49 (4.99) 24.24 (5.29) 18.17 (5.50)

Mullen receptive 27.49 (3.98) 26.08 (4.37) 17.95 (7.77)

Early raw scores (SD) 16.44 (1.69) 16.04 (2.00) 12.33 (3.17)

Later raw scores (SD) 37.86 (5.53) 34.38 (6.84) 24.10 (8.22)

Note: Receptive and expressive languages are collected from Mullen Scales of Early Learning and are scores based on age of equivalence. Mullen measure was only
collected at 12 and 24 months of age.
Abbreviations: HL-ASD, high likelihood for autism infants who were diagnosed with ASD at 24 months of age; HL-Neg, high likelihood for autism infants who were not
diagnosed with ASD at 24 months of age; LL-Neg, low likelihood for autism infants who were not diagnosed with ASD at 24 months of age; SD, standard deviation.

F I GURE 1 Early Gestures growth
differed by diagnostic grouping. Interaction
between chronological age in months and
diagnostic grouping in Early Gestures of
the MacArthur-Bates Communicative
Developmental Inventory—Words and
Gestures. HL-ASD, high likelihood for
autism infants who were diagnosed with
ASD at 24 months of age; HL-Neg, high
likelihood for autism infants who were not
diagnosed with ASD at 24 months of age;
LL-Neg, low likelihood for autism infants
who were not diagnosed with ASD at
24 months of age.
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p < 0.001 (Table 3). Estimated marginal slopes (Table 4)
for the interaction between diagnostic group and chrono-
logical age indicated that HL-ASD infants had slower
growth for Early Gestures when compared to HL-Neg
and LL-Neg.

Follow-up tests revealed significant main effects for
the diagnostic grouping, with a medium effect size (η2) at
12 months, a medium effect size at 18 months, and a
large effect size at 24 months (Table 5). The main effect
of age was significant only at 12 months (η2 = 0.03,
p < 0.001, CI [0.01, 0.07]). Group pairwise comparisons
are presented in Table 6 for each time point. Across all
time points, the HL-ASD group had significantly fewer
Early Gestures when compared to the LL-Neg and HL-
Neg groups. In contrast, the HL-Neg and LL-Neg
groups did not significantly differ on the number of Early
Gestures at any time point.

Later gestures

Figure 2 shows the longitudinal results of Later Gestures,
for which there was a significant interaction between
diagnosis and chronological age, F(2, 451) = 23.47,
p < 0.001 (see Table 3). Estimated marginal slopes
(Table 4) for the interaction between diagnostic group
and chronological age indicated that HL-ASD infants
had slower growth in Later Gestures when compared to
HL-Neg and LL-Neg.

Cross-sectional results revealed significant main
effects for diagnostic grouping, with a medium effect size

(η2) at 12 months and large effect sizes at 18 and
24 months (Table 5). In Later Gestures, the main effect
of age was significant at 12 months (η2 = 0.10, p < 0.001,
95% CI [0.04, 0.16]) and at 18 months (η2 = 0.01,
p < 0.05, 95% CI [0.00, 0.08]), but not at 24 months
(η2 = 0, p = 0.25, 95% CI [0.00, 0.03]). Group pairwise
comparisons are presented in Table 7 by time point.
Across all time points, the HL-ASD group had signifi-
cantly fewer Later Gestures when compared to the LL-
Neg group. The HL-ASD group also had significantly
fewer Later Gestures when compared to the HL-Neg
group at 18 and 24 months. The two groups were not sig-
nificantly different from one another at 12 months
(d = 0.37, p = 0.06, 95% CI [0.05, 0.69]). The HL-Neg
group had significantly fewer Later Gestures when com-
pared to the LL-Neg group at 12 and 24 months, but the
two groups did not significantly differ at 18 months
(d = 0.39, p = 0.11, 95% CI [0.00, 0.77]) (Table 7).

DISCUSSION

Previous prospective studies show that autistic children
have challenges in symbolic gestures as early as
12 months of age; however, there are few longitudinal
studies that track gestures from infancy to 2 years of age.
The current prospective study used a large sample size
(N = 467; 73 HL-ASD, 249 HL-Neg, and 145 LL-Neg)
to assess whether communicative and symbolic gestures
differ between autistic children and non-autistic children
in the first 2 years of development. Using the MCDI–
Words and Gestures, longitudinal and cross-sectional
analyses show that HL-ASD infants acquired and used
fewer deictic and symbolic gestures from 12 to 24 months
when compared to the HL-Neg and LL-Neg infants.

The Early Gestures inventory from the MCDI–
Words and Gestures includes deictic gestures, conven-
tional gestures, and games and routines. These types of
gestures represent the proficiency of skillsets in inten-
tional communication and social interactions with others.
As a group, infants and toddlers with ASD have been
reported to display fewer gestures that involve intentional
communication and social interactions with others than
their non-ASD peers (Stone et al., 1997; Volkmar
et al., 2005; Watson et al., 2013; West et al., 2020;
Wetherby et al., 1998; Zwaigenbaum et al., 2005). Previ-
ous research with small samples (n < 15 in the HL-ASD
group) found that HL-ASD infants have slower early ges-
ture development from 8 to 14 months of age than HL-
Neg and LL-Neg infants (Iverson et al., 2018; West
et al., 2020). The current results support this previous
work using a larger sample and extend the findings by
showing that challenges with early gesture development
persist until at least 24 months of age.

The Later Gestures inventory from the MCDI–
Words and Gestures taps into behaviors that are indica-
tive of representational skills and symbolic abilities. Items

TABLE 3 ANOVA table. Type III F tests with Kenward-Roger
(Kenward & Roger, 1997) degrees of freedom.

F df dfresiduals p

Early Gestures

Intercept*** 1952.61 1 465.83 <0.001

Age*** 424.23 1 543.19 <0.001

Diagnosis*** 47.64 2 438.69 <0.001

DiagnosisAge*** 9.44 2 524.47 <0.001

Maternal Ed 1.49 2 441.01 0.226

Sex*** 11.19 1 448.72 <0.001

Site 2.62 3 442.87 0.050

Later Gestures

Intercept*** 1125.30 1 440.91 <0.001

Age*** 1030.42 1 482.91 <0.001

Diagnosis*** 48.42 2 341.57 <0.001

DiagnosisAge*** 23.47 2 474.63 <0.001

Maternal Ed 0.87 2 431.34 0.421

Sex*** 20.15 1 435.58 <0.001

Site 2.08 3 430.97 0.103

Note: References for each variable are Diagnosis as LL-Neg, Maternal Education
as College Graduate, Sex as Female, Site as UNC-Chapel Hill; df indicates
degrees of freedom; dfresiduals indicates residuals for degrees of freedom.

WU ET AL. 7



include knowledge of appropriate usage of items and
actions, imitating adult actions, and using objects to rep-
resent other objects (symbolic play). Previous and current
results show that autistic toddlers and preschoolers

produce fewer symbolic gestures than their peers
(Gonz�alez-Sala et al., 2021; Rogers et al., 2003; Williams-
et al., 2001). This lack of production in symbolic gestures
is most likely due to challenges in social communication

TABLE 4 Estimated marginal slopes.

LL-Neg (a) HL-Neg (b) HL-ASD (c)

EMS (SE) EMS (SE) EMS (SE) Pairwise comparison

Early Gestures

Interaction 2.75 (0.13) 2.80 (0.10) 1.93 (0.18) c < b,a

Later Gestures

Interaction 11.10 (0.35) 10.94 (0.26) 7.51 (0.47) c < b,a

Note: Pairwise comparison indication is based on Tukey adjusted p-value of <0.05.
Abbreviations: HL-ASD, high likelihood for autism infants who were diagnosed with ASD at 24 months of age; HL-Neg, high likelihood for autism infants who were not
diagnosed with ASD at 24 months of age; LL-Neg, low likelihood for autism infants who were not diagnosed with ASD at 24 months of age; EMS, indicates estimated
marginal slopes; SE, indicates standard error.

TABLE 5 Effect sizes (eta-squared) for main effects of diagnostic grouping and age.

Gestures Diagnostic group Age

η 2 (95% CI) p η 2 (95% CI) p

Early Gestures

12 months 0.07 (0.03, 0.12) <0.001 0.03 (0.01, 0.07) <0.001

18 months 0.12 (0.05, 0.22) <0.001 0.00 (0.00, 0.05) 0.182

24 months 0.32 (0.25, 0.39) <0.001 0.00 (0.00, 0.03) 0.167

Later Gestures

12 months 0.07 (0.03, 0.12) <0.001 0.10 (0.05, 0.16) <0.001

18 months 0.15 (0.06, 0.25) <0.001 0.01 (0.00, 0.08) <0.05

24 months 0.30 (0.23, 0.37) <0.001 0.00 (0.00, 0.03) 0.253

Note: p-values are p-values for the main effects Diagnostic Group and Age at the different time points. CI: confidence interval; η 2 indicates generalized eta-squared: η 2 of
0.01 represents a small effect, η 2 of 0.06 represents a medium effect, η 2 of 0.14 represents a large effect.

TABLE 6 Effect size (Cohen’s d; Cohen, 1988) for ANOVA contrast in diagnostic grouping of early gesture.

Pairwise comparison for diagnosis

Early Gestures EMM SE p Cohen’s d Cohen’s d 95% CI SE df

12 months

LL-Neg versus HL-Neg 0.77 0.35 0.073 0.27 (0.03, 0.51) 0.12 358

***LL-Neg versus HL-ASD 2.44 0.49 <0.001 0.86 (0.52, 1.20) 0.17 358

***HL-Neg versus HL-ASD 1.67 0.44 <0.001 0.59 (0.28, 0.90) 0.16 358

18 months

LL-Neg versus HL-Neg 0.92 0.50 0.154 0.34 (0.02, 0.71) 0.19 144

***LL-Neg versus HL-ASD 2.98 0.71 <0.001 1.11 (0.57, 1.65) 0.27 144

**HL-Neg versus HL-ASD 2.05 0.66 0.006 0.77 (0.27, 1.26) 0.25 144

24 months

LL-Neg versus HL-Neg 0.37 0.27 0.350 0.18 (0.08, 0.43) 0.13 341

***LL-Neg versus HL-ASD 3.83 0.36 <0.001 1.80 (1.44, 2.16) 0.18 341

***HL-Neg versus HL-ASD 3.46 0.33 <0.001 1.63 (1.30, 1.96) 1.96 341

Note: *p < 0.05, **p < 0.01, ***p < 0.001. Pairwise comparison indication is based on Tukey adjusted p-value of p < 0.05; Cohen’s d effect size index: 0.2 represents a
small effect, 0.5 represents a medium effect, 0.8 represents a large effect.
Abbreviations: HL-ASD, high likelihood for autism infants who were diagnosed with ASD at 24 months of age; HL-Neg, high likelihood for autism infants who were not
diagnosed with ASD at 24 months of age; LL-Neg, low likelihood for autism infants who were not diagnosed with ASD at 24 months of age; SD, standard deviation;
EMM, estimated marginal means; SE, standard error; df, degrees of freedom; CI, confidence interval.
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skills and interests in demonstrating these actions rather
than challenges in symbolic abilities (Ingersoll &
Gergans, 2007; Jarrold, 2003; Smith & Bryson, 2007).
Previous research supports this claim because autistic
children are able to produce symbolic actions when
prompted (Charman & Baron-Cohen, 1997; Hamilton
et al., 2007; Jarrold, 2003; Wainwright et al., 2020). The
current study contributes to this body of work and shows
that a lack of participation in symbolic gestures can be
assessed in the first year of development.

The MCDI–Words and Gestures is a parent-report
measure that has consistently shown to be a reliable tool
to assess gestures as an early behavioral indicator for
later ASD, with multiple studies reporting group

differences in the first year of life (Charman et al., 2003;
Franchini et al., 2018; Iverson et al., 2018; Mitchell
et al., 2006; Whitehouse et al., 2019). Data from our cur-
rent study also shows that group-level differences in ges-
ture use are apparent at 12 months of age, well before the
infants were old enough for formal ASD evaluations.
Overall, the MCDI–Words and Gestures contributes to
the expanding research on early signs of ASD by showing
that parental observations and concern for ASD arise
before children are diagnosed with ASD (Ozonoff
et al., 2009).

There is mounting evidence that the MCDI–Words
and Gestures captures delays in gesture use before ASD
diagnoses are established; hence, future efforts should

F I GURE 2 Later Gestures growth
differed by diagnostic grouping. Interaction
between chronological age in months and
diagnostic grouping in Later Gestures of
the MacArthur-Bates Communicative
Developmental Inventory—Words and
Gestures. HL-ASD, high likelihood for
autism infants who were diagnosed with
ASD at 24 months of age; HL-Neg, high
likelihood for autism infants who were not
diagnosed with ASD at 24 months of age;
LL-Neg, low likelihood for autism infants
who were not diagnosed with ASD at
24 months of age.

TABLE 7 Effect size (Cohen’s d) for ANOVA contrast in diagnostic grouping of later gesture.

Pairwise comparison for diagnosis

Later Gestures EMM SE p Cohen’s d Cohen’s d 95% CI SE df

12 months

***LL-Neg versus HL-Neg 3.33 0.83 <0.001 0.52 (0.26, 0.78) 0.13 331

***LL-Neg versus HL-ASD 5.70 1.14 <0.001 0.89 (0.53, 1.25) 0.18 331

HL-Neg versus HL-ASD 2.36 1.02 0.055 0.37 (0.05, 0.69) 0.16 331

18 months

LL-Neg versus HL-Neg 2.76 1.38 0.115 0.39 (0.00, 0.77) 0.20 130

***LL-Neg versus HL-ASD 8.63 1.92 <0.001 1.21 (0.67, 1.77) 0.28 130

** HL-Neg versus HL-ASD 5.87 1.80 0.004 0.82 (0.31, 1.33) 0.26 130

24 Months

***LL-Neg versus HL-Neg 3.32 0.87 <0.001 0.51 (0.25, 0.78) 0.14 318

***LL-Neg versus HL-ASD 11.78 1.15 <0.001 1.81 (1.44, 2.19) 0.19 318

***HL-Neg versus HL-ASD 8.46 1.04 <0.001 1.30 (0.97, 1.63) 0.17 318

Note: *p < 0.05, **p < 0.01, ***p < 0.001. Pairwise comparison indication is based on Tukey adjusted p-value of p < 0.05; Cohen’s d effect size index: 0.2 represents a
small effect, 0.5 represents a medium effect, 0.8 represents a large effect.
Abbreviations: HL-ASD, high likelihood for autism infants who were diagnosed with ASD at 24 months of age; HL-Neg, high likelihood for autism infants who were not
diagnosed with ASD at 24 months of age; LL-Neg, low likelihood for autism infants who were not diagnosed with ASD at 24 months of age; SD, standard deviation;
EMM, estimated marginal means; SE, standard error; df, degrees of freedom; CI, confidence interval.
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evaluate the measure as part of a suite of early screening
measures. For example, Doyle et al. (2021) recruited a
large community sample of parents of toddlers and col-
lected parent-report measures of toddler repetitive behav-
ior, reciprocal social communication, and word
production and gestures (via the MCDI–Words and Ges-
tures). Using a data-driven, RDoC-inspired approach,
factor mixture models identified a five-class solution, of
which two classes were “high-risk.” Follow-up analyses
indicated that these two classes also had elevated rates of
externalizing symptoms and dysregulated behaviors.
“Phenoscreening” addresses concerns around the general-
izability of baby-sibling studies by providing a practical
solution to community screening that is relatively low-
cost and can be performed remotely.

Early intervention to support communication

Early detection of potential markers for ASD can
provide important insight into targets for early
intervention. As infancy is a time of high neuroplas-
ticity and potentially a sensitive period for language
acquisition, early intervention provided during this
period of development may be more effective in
supporting communication skills than intervention
during the preschool years (Zeanah et al., 2011).
For example, intervention programs such as the
Early Start Denver Model are more effective when
delivered during toddlerhood than interventions
delivered during school age (Vivanti et al., 2016).
Another study that focused on the timing of inter-
ventions found that toddlers who entered a parent-
implemented intervention called the Early Social
Interaction Model at 18 months showed greater
gains in social communication, including gesture
use, and language during the intervention than tod-
dlers who entered the intervention at 27 months of
age (Guthrie et al., 2023).

There is a small body of research showing that ges-
tures and symbolic skills are an actionable intervention
target for toddlers with ASD. In single-subject designs,
autistic toddlers who participated in gesture interven-
tions showed an increase in gestures and in overall lan-
guage and communication (Ingersoll et al., 2007;
Ingersoll & Gergans, 2007; Ingersoll & Lalonde, 2010).
Similarly, interventions in social engagement improve
spontaneous social behaviors, including imitation and
play schemes (Ingersoll et al., 2007; Ingersoll &
Walton, 2013; Kasari et al., 2006; Whalen et al., 2006).
While these studies are not preemptive interventions,
they do indicate that early intervention for autism that
focuses on developmentally appropriate deictic gestures
and symbolic skills may support later language skills.
Future studies should determine whether early gesture
interventions, before ASD diagnosis, can improve later
communication skills.

LIMITATIONS

The current study used a contemporaneous parent report
to quantify gesture inventories, but direct tests of gesture
production may yield different information. Another lim-
itation is that we considered the HL-Neg group as a
whole and did not derive subgroups based on language
ability or some other variable (Franchini et al., 2018;
Iverson et al., 2018; Mitchell et al., 2006). Sub-grouping
the HL-Neg may provide a better understanding of ges-
ture production within this specific group.

Infant-sibling designs are unique and have limita-
tions. The current study sample has restricted diversity in
terms of race and ethnicity—a problem which could
impact the generalizability of the results. Additionally,
since the infants have an older sibling with ASD, parents’
perceptions of their children’s skillsets may differ from
the perception of parents of typically developing
children.

CONCLUSION

Gesture use is an important communicative tool for early
social communication and language. As a group, HL-
ASD infants have attenuated gesture growth compared
to the control groups. In both Early and Later Gestures
of the MCDI–Words and Gestures, the HL-ASD group
had smaller inventories compared to the LL-Neg group.
In contrast, HL-ASD had smaller inventories compared
to HL-Neg at almost all time points in Early and Later
Gestures, except for Later Gestures at 12 months. Infants
in the HL-Neg group did not differ in rate of gesture
growth compared to infants in the LL-Neg group. While
the HL-Neg group did not statistically differ from the
LL-Neg group in the number of Later Gestures at
18 months, the effect size for this comparison was small.
Results from this study indicate that parent-report ques-
tionnaires are sensitive to developmental differences in
gesture skills well before toddlers are diagnosed with
ASD. Understanding the early behavioral traits of ASD
before formal diagnosis provides valuable information
for pre-symptomatic intervention programs.

ACKNOWLEDGMENTS
This work was supported by grants through the National
Institutes of Health (R00-MH108700 PI Swanson,
R01-HD055741 PI Piven, R01-HD055741-S1 PI Piven,
P30-HD003110 PI Piven, U54 EB005149 PI Kikinis) and
the Simons Foundation (SFARI Grant 140209). We
would also like to give thanks to all the families for their
participation in the study. The funders had no role in
study design, data collection, analysis, data interpreta-
tion, or the writing of the manuscript.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

10 WU ET AL.



DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able on request from the corresponding author. The data
are not publicly available due to privacy or ethical
restrictions.

ETHICS STATEMENT
The study was conducted in accordance with the US Fed-
eral Policy for the Protection of Human Subjects by
receiving formal approval from the Institutional Board
Review.

ORCID
Jason J. Wolff https://orcid.org/0000-0003-4300-8195
Shruthi Ravi https://orcid.org/0000-0002-7566-2629
Annette Estes https://orcid.org/0000-0003-2687-4155
Tanya St. John https://orcid.org/0000-0003-2448-5797
Meghan R. Swanson https://orcid.org/0000-0001-8474-
3458

REFERENCES
Acredolo, L., & Goodwyn, S. (1988). Symbolic gesturing in normal

infants. Child Development, 59(2), 450–466. https://doi.org/10.
2307/1130324

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (Fifth ed.). American Psychiatric Asso-
ciation. https://doi.org/10.1176/appi.books.9780890425596

Bates, E., Benigni, L., Bretherton, I., Camaioni, L., & Volterra, V.
(1979). The emergence of symbols: Cognition and communication in
infancy. Academic Press.

Ben-Shachar, M. S., Lüdecke, D., & Makowski, D. (2020). Effectsize:
Estimation of effect size indices and standardized parameters.
Journal of Open Source Software, 5(56), 2815. https://doi.org/10.
21105/joss.02815

Bretherton, I., & Bates, E. (1979). The emergence of intentional com-
munication. New Directions for Child and Adolescent Development,
1979(4), 81–100. https://doi.org/10.1002/cd.23219790407

CDC. (2020, March 25). Basics about autism spectrum disorder (ASD) j
NCBDDD j CDC. Centers for Disease Control and Prevention.
https://www.cdc.gov/ncbddd/autism/facts.html

Charman, T., & Baron-Cohen, S. (1997). Brief report: Prompted pre-
tend play in autism. Journal of Autism and Developmental Disor-
ders, 27(3), 325–332. https://doi.org/10.1023/A:1025806616149

Charman, T., Drew, A., Baird, C., & Baird, G. (2003). Measuring early
language development in preschool children with autism spectrum
disorder using the MacArthur communicative development inven-
tory (infant form). Journal of Child Language, 30(1), 213–236.
https://doi.org/10.1017/S0305000902005482

Choi, B., Shah, P., Rowe, M. L., Nelson, C. A., & Tager-Flusberg, H.
(2020). Gesture development, caregiver responsiveness, and lan-
guage and diagnostic outcomes in infants at high and low risk for
autism. Journal of Autism and Developmental Disorders, 50(7),
2556–2572. https://doi.org/10.1007/s10803-019-03980-8

Choi, B., Wei, R., & Rowe, M. L. (2021). Show, give, and point ges-
tures across infancy differentially predict language development.
Developmental Psychology, 57(6), 851–862. https://doi.org/10.1037/
dev0001195

Christensen, L., Hutman, T., Rozga, A., Young, G. S., Ozonoff, S.,
Rogers, S. J., Baker, B., & Sigman, M. (2010). Play and develop-
mental outcomes in infant siblings of children with autism. Journal
of Autism and Developmental Disorders, 40(8), 946–957. https://
doi.org/10.1007/s10803-010-0941-y

Clough, S., & Duff, M. C. (2020). The role of gesture in communication
and cognition: Implications for understanding and treating

neurogenic communication disorders. Frontiers in Human Neuro-
science, 14, 323. https://doi.org/10.3389/fnhum.2020.00323

Cohen, J. (1988). Statistical power analysis for the behavioral sciences
(2nd ed.). Routledge. https://doi.org/10.4324/9780203771587

Colgan, S. E., Lanter, E., McComish, C., Watson, L. R.,
Crais, E. R., & Baranek, G. T. (2006). Analysis of social interac-
tion gestures in infants with autism. Child Neuropsychology: A
Journal on Normal and Abnormal Development in Childhood
and Adolescence, 12(4–5), 307–319. https://doi.org/10.1080/
09297040600701360

Colonnesi, C., Stams, G. J. J. M., Koster, I., & Noom, M. J. (2010).
The relation between pointing and language development: A meta-
analysis. Developmental Review, 30(4), 352–366. https://doi.org/10.
1016/j.dr.2010.10.001

Corrigan, R. (1983). The development of representational skills. New
Directions for Child and Adolescent Development, 1983(21), 51–64.
https://doi.org/10.1002/cd.23219832106

Das, S., Glatard, T., MacIntyre, L. C., Madjar, C., Rogers, C.,
Rousseau, M.-E., Rioux, P., MacFarlane, D., Mohades, Z.,
Gnanasekaran, R., Makowski, C., Kostopoulos, P., Adalat, R.,
Khalili-Mahani, N., Niso, G., Moreau, J. T., & Evans, A. C.
(2016). The MNI data-sharing and processing ecosystem. Neuro-
Image, 124, 1188–1195. https://doi.org/10.1016/j.neuroimage.2015.
08.076

Delehanty, A., & Wetherby, A. M. (2021). Rate of communicative ges-
tures and developmental outcomes in toddlers with and without
autism spectrum disorder during a home observation. American
Journal of Speech-Language Pathology, 30(2), 649–662. https://doi.
org/10.1044/2020_AJSLP-19-00206

Delehanty, A., & Wetherby, A. M. (2022). Coordinated social commu-
nication in toddlers with and without autism spectrum disorder
during a home observation. Autism & Developmental Language
Impairments, 7, 23969415221121089. https://doi.org/10.1177/
23969415221121089

Deloache, J. S. (1995). Early understanding and use of symbols: The
model model. Current Directions in Psychological Science, 4(4),
109–113. https://doi.org/10.1111/1467-8721.ep10772408

DeLoache, J. S. (2004). Becoming symbol-minded. Trends in Cognitive
Sciences, 8(2), 66–70. https://doi.org/10.1016/j.tics.2003.12.004

Doyle, C. M., Lasch, C., Vollman, E. P., Desjardins, C. D.,
Helwig, N. E., Jacob, S., Wolff, J. J., & Elison, J. T. (2021). Phe-
noscreening: A developmental approach to research domain
criteria-motivated sampling. Journal of Child Psychology and Psy-
chiatry, 62(7), 884–894. https://doi.org/10.1111/jcpp.13341

Escalona, S. K. (1973). Basic modes of social interaction: Their emer-
gence and patterning during the first two years of life. Merrill-
Palmer Quarterly of Behavior and Development, 19(3), 205–232.

Estes, A., Zwaigenbaum, L., Gu, H., St. John, T., Paterson, S.,
Elison, J. T., Hazlett, H., Botteron, K., Dager, S. R.,
Schultz, R. T., Kostopoulos, P., Evans, A., Dawson, G.,
Eliason, J., Alvarez, S., & Piven, J. (2015). Behavioral, cognitive,
and adaptive development in infants with autism spectrum disor-
der in the first 2 years of life. Journal of Neurodevelopmental
Disorders, 7(1), 24. https://doi.org/10.1186/s11689-015-9117-6

Fein, G. G. (1981). Pretend play in childhood: An integrative review.
Child Development, 52(4), 1095–1118. https://doi.org/10.2307/
1129497

Fenson, L., Marchman, V. A., Thal, D. J., Dale, P. S., Steven
Reznick, J., & Bates, E. (2006). The MacArthur-Bates communica-
tive development inventories user’s guide and technical manual (Sec-
ond ed.). Brookes.

Franchini, M., Duku, E., Armstrong, V., Brian, J., Bryson, S. E.,
Garon, N., Roberts, W., Roncadin, C., Zwaigenbaum, L., &
Smith, I. M. (2018). Variability in verbal and nonverbal com-
munication in infants at risk for autism spectrum disorder: Pre-
dictors and outcomes. Journal of Autism and Developmental
Disorders, 48(10), 3417–3431. https://doi.org/10.1007/s10803-018-
3607-9

WU ET AL. 11

https://orcid.org/0000-0003-4300-8195
https://orcid.org/0000-0003-4300-8195
https://orcid.org/0000-0002-7566-2629
https://orcid.org/0000-0002-7566-2629
https://orcid.org/0000-0003-2687-4155
https://orcid.org/0000-0003-2687-4155
https://orcid.org/0000-0003-2448-5797
https://orcid.org/0000-0003-2448-5797
https://orcid.org/0000-0001-8474-3458
https://orcid.org/0000-0001-8474-3458
https://orcid.org/0000-0001-8474-3458
https://doi.org/10.2307/1130324
https://doi.org/10.2307/1130324
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.21105/joss.02815
https://doi.org/10.21105/joss.02815
https://doi.org/10.1002/cd.23219790407
https://www.cdc.gov/ncbddd/autism/facts.html
https://doi.org/10.1023/A:1025806616149
https://doi.org/10.1017/S0305000902005482
https://doi.org/10.1007/s10803-019-03980-8
https://doi.org/10.1037/dev0001195
https://doi.org/10.1037/dev0001195
https://doi.org/10.1007/s10803-010-0941-y
https://doi.org/10.1007/s10803-010-0941-y
https://doi.org/10.3389/fnhum.2020.00323
https://doi.org/10.4324/9780203771587
https://doi.org/10.1080/09297040600701360
https://doi.org/10.1080/09297040600701360
https://doi.org/10.1016/j.dr.2010.10.001
https://doi.org/10.1016/j.dr.2010.10.001
https://doi.org/10.1002/cd.23219832106
https://doi.org/10.1016/j.neuroimage.2015.08.076
https://doi.org/10.1016/j.neuroimage.2015.08.076
https://doi.org/10.1044/2020_AJSLP-19-00206
https://doi.org/10.1044/2020_AJSLP-19-00206
https://doi.org/10.1177/23969415221121089
https://doi.org/10.1177/23969415221121089
https://doi.org/10.1111/1467-8721.ep10772408
https://doi.org/10.1016/j.tics.2003.12.004
https://doi.org/10.1111/jcpp.13341
https://doi.org/10.1186/s11689-015-9117-6
https://doi.org/10.2307/1129497
https://doi.org/10.2307/1129497
https://doi.org/10.1007/s10803-018-3607-9
https://doi.org/10.1007/s10803-018-3607-9


Goldin-Meadow, S. (2007). Gesture with speech and without it. In S. D.
Duncan, J. Cassel, & E. Levy (Eds.), Gesture and the dynamic
dimension of language: Essays in honor of David McNeill (pp. 31–
49). John Benjamins Publishing Company. https://www.torrossa.
com/en/resources/an/5001141

Goldin-Meadow, S. (2015). Gesture and cognitive development. In
Handbook of child psychology and developmental science: Cognitive
processes (Vol. 2, 7th ed., pp. 339–380). John Wiley & Sons, Inc.
https://doi.org/10.1002/9781118963418.childpsy209

Goldin-Meadow, S., & Alibali, M. W. (2013). Gesture’s role in speak-
ing, learning, and creating language. Annual Review of Psychology,
64, 257–283. https://doi.org/10.1146/annurev-psych-113011-143802

Golomb, C., & Cornelius, C. B. (1977). Symbolic play and its cognitive
significance. Developmental Psychology, 13(3), 246–252. https://
doi.org/10.1037/0012-1649.13.3.246

Gonz�alez-Sala, F., G�omez-Marí, I., T�arraga-Mínguez, R., Vicente-
Carvajal, A., & Pastor-Cerezuela, G. (2021). Symbolic play among
children with autism spectrum disorder: A scoping review. Chil-
dren, 8(9), 801. https://doi.org/10.3390/children8090801

Guthrie, W., Wetherby, A. M., Woods, J., Schatschneider, C.,
Holland, R. D., Morgan, L., & Lord, C. E. (2023). The earlier the
better: An RCT of treatment timing effects for toddlers on
the autism spectrum. Autism, 27, 136236132311591. https://doi.
org/10.1177/13623613231159153

de Hamilton, A. F. C., Brindley, R. M., & Frith, U. (2007). Imitation
and action understanding in autistic spectrum disorders: How
valid is the hypothesis of a deficit in the mirror neuron system?
Neuropsychologia, 45(8), 1859–1868. https://doi.org/10.1016/j.
neuropsychologia.2006.11.022

Hobson, J. A., Hobson, R. P., Cheung, Y., & Cal�o, S. (2015). Symboliz-
ing as interpersonally grounded shifts in meaning: Social play in
children with and without autism. Journal of Autism and Develop-
mental Disorders, 45(1), 42–52. https://doi.org/10.1007/s10803-014-
2122-x

Hobson, J. A., Hobson, R. P., Malik, S., Bargiota, K., & Cal�o, S.
(2013). The relation between social engagement and pretend play
in autism. The British Journal of Developmental Psychology, 31(Pt
1), 114–127. https://doi.org/10.1111/j.2044-835X.2012.02083.x

Hutchins, T. (2013). MacArthur-Bates communicative development
inventories, second edition. In F. R. Volkmar (Ed.), Encyclopedia
of autism spectrum disorders (pp. 1773–1779). Springer. https://doi.
org/10.1007/978-1-4419-1698-3_769

Ingersoll, B., & Gergans, S. (2007). The effect of a parent-implemented
imitation intervention on spontaneous imitation skills in young
children with autism. Research in Developmental Disabilities,
28(2), 163–175. https://doi.org/10.1016/j.ridd.2006.02.004

Ingersoll, B., & Lalonde, K. (2010). The impact of object and gesture
imitation training on language use in children with autism. Journal
of Speech, Language, and Hearing Research, 53(4), 1040–1051.
https://doi.org/10.1044/1092-4388(2009/09-0043)

Ingersoll, B., Lewis, E., & Kroman, E. (2007). Teaching the imitation
and spontaneous use of descriptive gestures in young children with
autism using a naturalistic behavioral intervention. Journal of
Autism and Developmental Disorders, 37(8), 1446–1456. https://doi.
org/10.1007/s10803-006-0221-z

Ingersoll, B., & Walton, K. (2013). Play intervention. In F. R. Volkmar
(Ed.), Encyclopedia of autism Spectrum disorders (pp. 2287–2291).
Springer. https://doi.org/10.1007/978-1-4419-1698-3_1898

Iverson, J. M., Capirci, O., & Caselli, M. C. (1994). From communica-
tion to language in two modalities. Cognitive Development, 9(1),
23–43. https://doi.org/10.1016/0885-2014(94)90018-3

Iverson, J. M., & Goldin-Meadow, S. (2005). Gesture paves the way for
language development. Psychological Science, 16(5), 367–371.
https://doi.org/10.1111/j.0956-7976.2005.01542.x

Iverson, J. M., Northrup, J. B., Leezenbaum, N. B.,
Parladé, M. V., Koterba, E. A., & West, K. L. (2018). Early
gesture and vocabulary development in infant siblings of chil-
dren with autism spectrum disorder. Journal of Autism and

Developmental Disorders, 48(1), 55–71. https://doi.org/10.1007/
s10803-017-3297-8

Jarrold, C. (2003). A review of research into pretend play in autism.
Autism, 7(4), 379–390. https://doi.org/10.1177/
1362361303007004004

Kasari, C., Freeman, S., & Paparella, T. (2006). Joint attention and
symbolic play in young children with autism: A randomized con-
trolled intervention study. Journal of Child Psychology and Psychi-
atry, 47(6), 611–620. https://doi.org/10.1111/j.1469-7610.2005.
01567.x

Kelly, S. D., Özyürek, A., & Maris, E. (2010). Two sides of the same
coin: Speech and gesture mutually interact to enhance comprehen-
sion. Psychological Science, 21(2), 260–267. https://doi.org/10.
1177/0956797609357327

Kenward, M. G., & Roger, J. H. (1997). Small sample inference for
fixed effects from restricted maximum likelihood. Biometrics,
53(3), 983–997. https://doi.org/10.2307/2533558

Kuhn, L. J., Willoughby, M. T., Wilbourn, M. P., Vernon-
Feagans, L., & Blair, C. B. (2014). Early communicative gestures
prospectively predict language development and executive function
in early childhood. Child Development, 85(5), 1898–1914. https://
doi.org/10.1111/cdev.12249

Kuznetsova, A., Brockhoff, P. B., Christensen, R. H. B., & Jensen, S. P.
(2020). lmerTest: Tests in linear mixed effects models (3.1-3) [com-
puter software]. https://CRAN.R-project.org/package=lmerTest

Landa, R., & Garrett-Mayer, E. (2006). Development in infants with
autism spectrum disorders: A prospective study. Journal of Child
Psychology and Psychiatry, 47(6), 629–638. https://doi.org/10.
1111/j.1469-7610.2006.01531.x

Landa, R. J., Holman, K. C., & Garrett-Mayer, E. (2007). Social and
communication development in toddlers with early and later diag-
nosis of autism spectrum disorders. Archives of General Psychiatry,
64(7), 853. https://doi.org/10.1001/archpsyc.64.7.853

Lee, Y.-C., Chan, P.-C., Lin, S.-K., Chen, C.-T., Huang, C.-Y., &
Chen, K.-L. (2016). Correlation patterns between pretend play
and playfulness in children with autism spectrum disorder, devel-
opmental delay, and typical development. Research in Autism
Spectrum Disorders, 24, 29–38. https://doi.org/10.1016/j.rasd.2016.
01.006

Lenth, R. V., Buerkner, P., Herve, M., Love, J., Miguez, F.,
Riebl, H., & Singmann, H. (2022). emmeans: Estimated Marginal
Means, aka Least-Squares Means (1.7.2) [Computer software].
https://CRAN.R-project.org/package=emmeans

Liszkowski, U. (2014). Two sources of meaning in infant communica-
tion: Preceding action contexts and act-accompanying characteris-
tics. Philosophical Transactions of the Royal Society, B: Biological
Sciences, 369(1651), 20130294. https://doi.org/10.1098/rstb.2013.
0294

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Leventhal, B. L.,
DiLavore, P. C., Pickles, A., & Rutter, M. (2000). The autism
diagnostic observation schedule—Generic: A standard measure of
social and communication deficits associated with the spectrum
of autism. Journal of Autism and Developmental Disorders, 30(3),
205–223. https://doi.org/10.1023/A:1005592401947

Lucca, K., & Wilbourn, M. P. (2018). Communicating to learn: Infants’
pointing gestures result in optimal learning. Child Development,
89(3), 941–960. https://doi.org/10.1111/cdev.12707

Luyster, R. J., Kadlec, M. B., Carter, A., & Tager-Flusberg, H. (2008).
Language assessment and development in toddlers with autism
spectrum disorders. Journal of Autism and Developmental Disor-
ders, 38(8), 1426–1438. https://doi.org/10.1007/s10803-007-0510-1

Manwaring, S., Stevens, A., Mowdood, A., & Lackey, M. (2018). A
scoping review of deictic gesture use in toddlers with or at-risk
for autism spectrum disorder. Autism & Developmental
Language Impairments, 3, 239694151775189. https://doi.org/10.
1177/2396941517751891

Manwaring, S., Swineford, L., Mead, D. L., Yeh, C.-C., Zhang, Y., &
Thurm, A. (2019). The gesture–language association over time in

12 WU ET AL.

https://www.torrossa.com/en/resources/an/5001141
https://www.torrossa.com/en/resources/an/5001141
https://doi.org/10.1002/9781118963418.childpsy209
https://doi.org/10.1146/annurev-psych-113011-143802
https://doi.org/10.1037/0012-1649.13.3.246
https://doi.org/10.1037/0012-1649.13.3.246
https://doi.org/10.3390/children8090801
https://doi.org/10.1177/13623613231159153
https://doi.org/10.1177/13623613231159153
https://doi.org/10.1016/j.neuropsychologia.2006.11.022
https://doi.org/10.1016/j.neuropsychologia.2006.11.022
https://doi.org/10.1007/s10803-014-2122-x
https://doi.org/10.1007/s10803-014-2122-x
https://doi.org/10.1111/j.2044-835X.2012.02083.x
https://doi.org/10.1007/978-1-4419-1698-3_769
https://doi.org/10.1007/978-1-4419-1698-3_769
https://doi.org/10.1016/j.ridd.2006.02.004
https://doi.org/10.1044/1092-4388(2009/09-0043)
https://doi.org/10.1007/s10803-006-0221-z
https://doi.org/10.1007/s10803-006-0221-z
https://doi.org/10.1007/978-1-4419-1698-3_1898
https://doi.org/10.1016/0885-2014(94)90018-3
https://doi.org/10.1111/j.0956-7976.2005.01542.x
https://doi.org/10.1007/s10803-017-3297-8
https://doi.org/10.1007/s10803-017-3297-8
https://doi.org/10.1177/1362361303007004004
https://doi.org/10.1177/1362361303007004004
https://doi.org/10.1111/j.1469-7610.2005.01567.x
https://doi.org/10.1111/j.1469-7610.2005.01567.x
https://doi.org/10.1177/0956797609357327
https://doi.org/10.1177/0956797609357327
https://doi.org/10.2307/2533558
https://doi.org/10.1111/cdev.12249
https://doi.org/10.1111/cdev.12249
https://cran.r-project.org/package=lmerTest
https://doi.org/10.1111/j.1469-7610.2006.01531.x
https://doi.org/10.1111/j.1469-7610.2006.01531.x
https://doi.org/10.1001/archpsyc.64.7.853
https://doi.org/10.1016/j.rasd.2016.01.006
https://doi.org/10.1016/j.rasd.2016.01.006
https://cran.r-project.org/package=emmeans
https://doi.org/10.1098/rstb.2013.0294
https://doi.org/10.1098/rstb.2013.0294
https://doi.org/10.1023/A:1005592401947
https://doi.org/10.1111/cdev.12707
https://doi.org/10.1007/s10803-007-0510-1
https://doi.org/10.1177/2396941517751891
https://doi.org/10.1177/2396941517751891


toddlers with and without language delays. Autism & Developmen-
tal Language Impairments, 4, 2396941519845545. https://doi.org/
10.1177/2396941519845545

McCune, L. (1995). A normative study of representational play at the
transition to language. Developmental Psychology, 31(2), 198–206.
https://doi.org/10.1037/0012-1649.31.2.198

McCune, L. (2009). Developing symbolic abilities. In B. Wagoner (Ed.),
Symbolic transformation: The mind in movement through culture
and society (pp. 173–192). Routledge.

McCune-Nicolich, L. (1981). Toward symbolic functioning: Structure
of early pretend games and potential parallels with language. Child
Development, 52(3), 785–797. https://doi.org/10.2307/1129078

McGillion, M., Herbert, J. S., Pine, J., Vihman, M., de Paolis, R.,
Keren-Portnoy, T., & Matthews, D. (2017). What paves the way
to conventional language? The predictive value of babble, point-
ing, and socioeconomic status. Child Development, 88(1), 156–166.
https://doi.org/10.1111/cdev.12671

Mitchell, S., Brian, J., Zwaigenbaum, L., Roberts, W., Szatmari, P.,
Smith, I., & Bryson, S. (2006). Early language and communication
development of infants later diagnosed with autism spectrum dis-
order. Journal of Developmental & Behavioral Pediatrics, 27(2),
S69–S78.

Morin-Lessard, E., Hentges, R. F., Tough, S. C., & Graham, S. A.
(2021). Developmental pathways between infant gestures and sym-
bolic actions, and children’s communicative skills at age 5: Find-
ings from the all our families pregnancy cohort. Child
Development, 92(3), 799–810. https://doi.org/10.1111/cdev.13567

Mullen, E. M. (1995). Mullen scales of early learning. Pearsons.
Orr, E. (2020). Object play as a mediator of the role of exploration in

communication skills development. Infant Behavior and Develop-
ment, 60, 101467. https://doi.org/10.1016/j.infbeh.2020.101467

Orr, E., & Geva, R. (2015). Symbolic play and language development.
Infant Behavior and Development, 38, 147–161. https://doi.org/10.
1016/j.infbeh.2015.01.002
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