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Abstract

- Priyanka Shah? - Meredith L. Rowe® - Charles A. Nelson®* - Helen Tager-Flusberg®

We investigated gesture production in infants at high and low risk for autism spectrum disorder (ASD) and caregiver respon-
siveness between 12 and 24 months of age and assessed the extent to which early gesture predicts later language and ASD
outcomes. Participants included 55 high-risk infants, 21 of whom later met criteria for ASD, 34 low-risk infants, and their
caregivers. Results indicated that (a) infants with ASD outcomes used fewer gestures and a lower proportion of developmen-
tally advanced gesture—speech combinations; (b) caregivers of all the infants provided similar rates of contingent responses to
their infants’ gestures; and (c) gesture production at 12 months predicted subsequent receptive language and ASD outcomes

within the high-risk group.
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Introduction

Deficits in nonverbal communicative behaviors are among
the hallmark features of autism spectrum disorder (ASD;
American Psychiatric Association 2013). In particular, defi-
cits in gestures, which are hand or body movements that
speakers produce as forms of intentional communication,
have been well documented in the autism literature. Previ-
ous studies suggest that infants with ASD produce signifi-
cantly fewer gestures than infants without ASD as early as
12—-14 months (Landa et al. 2007; Zwaigenbaum et al. 2005;
see Manwaring et al. 2018 for review), and that atypicality
of gesture usage persists into childhood and adulthood (de
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Marchena and Eigsti 2010; Morett et al. 2016). Furthermore,
a number of prospective studies have examined gesture as
a potential early sign in infants with an older sibling with
ASD, who are at high familial risk for the disorder (hereaf-
ter, “high-risk”; Ozonoff et al. 2011). Significant group dif-
ferences between high-risk infants and infants with no family
history of ASD (hereafter, “low-risk™) have been found in
previous studies, with high-risk infants producing fewer ges-
tures, compared to their low-risk peers (Cassel et al. 2007;
Goldberg et al. 2005; Leezenbaum et al. 2014; Manwaring
et al. 2018; Mitchell et al. 2006; Toth et al. 2007; Yirmiya
et al. 2006; Zwaigenbaum et al. 2005).

While the studies that examined risk group differences
have been informative in suggesting that gesture may be a
risk factor for ASD, these studies do not include information
on diagnostic outcomes of the high-risk infants, making it
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impossible to determine whether the differences between
high- and low-risk infants were driven by the subset of high-
risk infants who were later diagnosed with ASD. However,
research comparing high-risk infants who later developed
ASD (HRA+) and unaffected high-risk infants (HRA—)
suggests large variability in gesture production within the
high-risk group (LeBarton and Iverson 2016; Rozga et al.
2011; Talbott et al. 2015a; Winder et al. 2013; Zwaigen-
baum et al. 2005). For example, Rozga et al. (2011) found
that HRA+ infants produced fewer pointing and showing
gestures than HRA — and low-risk comparison (LRC) infants
on a semi-structured assessment at 12 months, whereas there
were no significant group differences between HRA— and
LRC infants. Similarly, Talbott et al. (2015a) reported that
HRA+ infants produced significantly fewer total gestures
than HRA— and LRC infants during interactions with
mothers or examiners at 12 months, and again, there was
no significant group difference between HRA— and LRC
infants. More recently, LeBarton and Iverson (2016) found
that HRA+ toddlers produced fewer overall gestures than
their high-risk peers with language delay or with no diag-
nosis during interactions with mothers at 24 months. Taken
together, these findings highlight the need to go beyond the
comparisons between high- and low-risk groups and inves-
tigate gesture production in infants based on both risk for
ASD and diagnostic outcomes (e.g., HRA+, HRA—, LRC).

Another limitation of prior research is that there has been
a predominant emphasis on the amount and types of gestures
that high-risk infants produce. Relatively little is known about
gestures produced in conjunction with or without speech
(Manwaring et al. 2018; Ozcaliskan et al. 2017). A com-
prehensive review by Manwaring et al. (2018) reported that
only one of the 19 studies on deictic gestures, which indicate
objects, people, or locations in the immediate environment, in
toddlers with or at risk for ASD examined gesture paired with
speech (hereafter, “gesture—speech combinations”). In particu-
lar, Winder et al. (2013) found that high-risk infants integrated
deictic gestures with communicative non-word vocalizations
at a significantly lower rate, compared to low-risk infants,
at 13 and 18 months. A related study that included not only
deictic but also other types of gestures found that the trajec-
tory of gesture—speech combinations was significantly slower
in HRA+ infants than LRC infants between 8 and 18 months
(Parladé and Iverson 2015). Recently, Ozcaliskan et al. (2017)
found that children with ASD or with Down syndrome pro-
duced significantly fewer overall gestures and types of ges-
ture—speech combinations than typically developing children.
Together, these studies suggest that gesture—speech combina-
tions have been less explored and merit closer examination in
high-risk infants. Investigating gesture—speech combinations
may be useful in parsing the variability in early communica-
tive profiles of the high-risk ASD population (Ozonoff et al.
2014; Talbott et al. 2016).
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An important question related to group differences
in infant gesture production is whether the differences in
infants’ gestures affect how their caregivers respond to ges-
tures. For example, high-risk infants who produce fewer
gestures than low-risk peers may give fewer opportunities
for their caregivers to provide contingent input (Leezen-
baum et al. 2014). Alternatively, caregivers of high-risk
infants may be even more attuned to their infant’s commu-
nicative behaviors and provide more contingent responses,
compared to caregivers of low-risk infants (Tager-Flusberg
2016). Leezenbaum et al. (2014) studied maternal responses
to gestural and vocal communication in high- and low-risk
infants at 13 and 18 months of age and found that maternal
response rates did not vary across the two groups. More
recently, Dimitrova et al. (2016) reported that parents of
children with ASD, children with Down syndrome, and
typically developing children provided similar rates of con-
tingent responses to their children’s gestures. Considering
the significance of reciprocal influences between child and
caregiver communicative behaviors, it is surprising that only
a few studies have explored whether the differences in infant
gesture influence caregivers’ responsiveness. In the current
study, we examined both raw numbers (which measure the
absolute quantity of parental responses that infants receive)
and proportions (which control for differences in infant ges-
tures) of contingent caregiver responses, which, in turn, may
shape children’s language development (Goldin-Meadow
et al. 2007; Tamis-LeMonda et al. 2014).

Finally, while the relation between early gesture use
and later language is well established in typical develop-
ment (Acredolo and Goodwyn 1988; Iverson and Goldin-
Meadow 2005; Rowe and Goldin-Meadow 2009a; Rowe
et al. 2008), this relation has not been extensively studied
in high-risk infants. In fact, previous findings have been
mixed, with some studies showing positive, significant rela-
tions between early gesture and later vocabulary in children
with ASD (Braddock et al. 2015; Medeiros and Winsler
2014; Ozcaliskan et al. 2016), whereas others reported no
significant relations between gesture and language in ASD
(So et al. 2015). Examining the relation between gesture
and language may be useful in revealing whether such rela-
tion holds within the high-risk population and in predicting
which infants will have subsequent language difficulties.
Thus, exploring whether and to what extent early gesture
may be related to later language skills within the high-risk
population is warranted.

Similarly, it is of both practical and theoretical relevance
to identify factors that may be associated with increased
probability of receiving an ASD diagnosis. To date, sev-
eral studies have identified gesture as an early marker for
an eventual ASD diagnosis. For example, through using a
developmental surveillance assessment, Barbaro and Dissa-
nayake (2013) reported that pointing gestures were recurring
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early markers for ASD during the second year of life. Veness,
Prior, Eadie, Bavin, and Reilly (2014), using parent reports of
infant communicative behaviors, also found that gesture use
at 8 months was significantly associated with an ASD diag-
nosis by 7 years. However, to our knowledge, no study has
yet evaluated the predictive power of gesture observed during
naturalistic interactions in relation to a later ASD diagnosis.

The Present Study

In light of the background and limitations discussed above,
we examined infant production of gestures (with or with-
out speech), caregiver responsiveness to gestures, and rela-
tions among gesture, caregiver responsiveness, later lan-
guage, and/or ASD outcomes in HRA+, HRA—, and LRC
families, using detailed coding of videotaped sessions of
caregiver-infant interactions. Infant gesture and caregiver
responsiveness were examined during naturalistic interac-
tions in the lab at 12, 18, and 24 months. Infants’ language
skills were measured using Mullen Scales of Early Learning
(MSEL; Mullen 1995) at 24 months, and ASD outcomes
were determined using a combination of the Autism Diag-
nostic Observation Scale (ADOS; Lord et al. 2000) and best
clinical judgment between 18 and 36 months. Our specific
research questions were as follows:

(1) Do HRA+, HRA—, and LRC infants differ in overall
production and distribution of gestures (with or without
speech) at 12, 18, and 24 months?

(2) Do caregivers of HRA+, HRA—, and LRC infants
differ in immediate, contingent responsiveness to
infant gestures (with or without speech) at 12, 18, and
24 months?

(3) Does early gesture or caregiver responsiveness relate to
later language skills?

(4) Does early gesture relate to ASD outcomes?

Methods
Participants

A total of 89 infants and their caregivers participated in this
study. Participants were drawn from a larger prospective,
longitudinal study of infants at high and low familial risk
for ASD. For the present study, we included caregiver-infant
dyads who participated in a 10-min free play interaction in
the lab at least once at 12, 18, or 24 months and had ASD
outcomes determined between 18 and 36 months. There
were 70 caregiver-infant dyads at 12 and 18 months and
69 dyads at 24 months (Table 1). Of note, sample attrition
was due to visits missed by families, malfunction of video

recording equipment, and infants becoming fussy and not
doing caregiver-infant interactions during visits.

Fifty-five infants were enrolled as high risk for autism
(HRA); parents of these infants reported a community
diagnosis of ASD in the older siblings (probands) of these
infants. To confirm ASD diagnosis of probands of HRA
infants, we used the Social Communication Questionnaire
(SCQ; Rutter et al. 2003) and/or the ADOS (Lord et al.
2000). Community diagnosis of ASD were confirmed for
52 probands of HRA infants (95% of the HRA sample). Spe-
cifically, both the SCQ and ADOS were used to confirm
diagnosis in 27 probands of HRA infants (49%); the SCQ
was used for 21 probands (38%); and the ADOS was used
for four probands (7%). Three probands of HRA infants (5%)
did not have the ADOS or SCQ and therefore were unable to
have their diagnosis confirmed. However, all three received
their diagnosis by expert clinicians in the community, and
data from their younger siblings were included in the study.

Thirty-four infants were enrolled as low risk compari-
son (LRC), as they had typically developing older siblings
and no first- or second-degree family members with ASD.
To ensure probands of LRC infants did not have ASD, we
used the SCQ and/or ADOS. Specifically, both the ADOS
and SCQ were used to verify no ASD diagnosis for 29
older siblings of the LRC infants (85% of the LRC sam-
ple); the SCQ was used for four probands (12%); and the
ADOS was used for one proband (3%).

For the data analyses, infants were classified based on
their risk for ASD (high or low) and also eventual ASD
outcomes (ASD or no ASD; see the section “ASD outcome
classification”). Of the 55 high-risk infants, 21 were later
diagnosed with ASD (HRA+), and 34 were not diagnosed
with ASD (HRA-). Notably, we oversampled high-risk
infants who later met criteria for ASD to ensure their suf-
ficient representation in the present study. All 34 low-risk
infants were not later diagnosed with ASD.

Infant and caregiver characteristics are provided in
Table 1 for the three groups. While the groups were com-
parable in infant race and household income, infant sex
and caregiver education differed significantly across the
groups. Specifically, the percentage of female infants
was significantly lower in the HRA+ group than the
HRA- group, p=0.013. Also, the level of parental edu-
cation was significantly lower in the HRA+ group than
the LRC group, z=—3.354, p<0.001. These variables
were controlled for in data analyses. All infants were
recruited before 12 months of age, were full-term, and
had no genetic or neurological disorders. All caregivers
spoke English in the home as the primary language (> 80%
of the time).
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Table 1 Infant and caregiver demographic data for group comparison (N=_89)

HRA+ HRA- LRC p (3-group)
Sample size
12 months 17 25 28
18 months 16 25 29
24 months 15 25 29
Child characteristics
Sex (% female) 28.6% 64.7% 50.0% 0.038%*
N=21 N=34 N=34
Race/ethnicity (% white) 81.0% 94.1% 88.2% 0.269
N=21 N=34 N=34
MSEL visual reception T scores at 12 months 51.24 (6.71) 53.88 (10.09) 58.12 (7.55) 0.012*
N=21 N=34 N=34
MSEL visual reception T scores at 18 months 46.32 (9.26) 50.88 (7.67) 50.97 (8.86) 0.122
N=19 N=32 N=34
MSEL visual reception T scores at 24 months 52.06 (12.24) 54.41 (10.07) 56.09 (9.71) 0.417
N=18 N=29 N=34
ADOS calibrated severity scores® 4.90 (2.30) 1.47 (0.75) 1.47 (1.05) <0.001#**
N=21 N=34 N=34
Parent characteristics
Household income® 6.78 (2.26) 7.65 (1.05) 7.22 (1.83) 0.306
N=18 N=31 N=27
Caregiver education® 4.92 (1.73) 5.77 (1.71) 6.47 (1.01) 0.008%*%*
N=19 N=31 N=30

Note Data are reported as group means with standard deviations in parentheses

#p <0.05, #¥p <0.01, #+¥p <0.001

2ADOS calibrated severity scores (range 1-10) reflect the severity of ASD symptoms on the basis of raw total ADOS scores, with higher values

indicating greater symptom severity (Gotham et al. 2009)

®Income was reported on an eight-point scale: (1) less than $15,000, (2) $15,000-$25,000, (3) $25,000-$35,000, (4) $35,000-$45,000, (5)
$45,000-$55,000, (6) $55,000-$65,000, (7) $65,000-$75,000, (8) more than $75,000

Caregiver education was reported as the highest level attained on a nine-point scale: (1) some high school, (2) high school graduate, (3) some
college, (4) community college/2-year degree, (5) 4-year college degree, (6) some graduate school, (7) master’s degree, (8) doctoral degree, (9)
professional degree. For three of our infants, either their mothers or fathers participated in caregiver-child interactions at 12, 18, and 24 months;
for them, parental education levels were calculated by averaging paternal and maternal education levels. For two of our infants, only fathers
participated in caregiver-child interactions, and paternal education levels were used. Maternal education levels were used for the rest of the par-

ticipants

Procedure and Measures

We obtained Institutional Review Board approvals from
Boston Children’s Hospital and Boston University and writ-
ten, informed consent from caregivers of all infants.

Caregiver-Infant Interaction’

At 12, 18, and 24 months of age, caregiver-infant dyads were
videotaped while engaging in free play in the lab for 10 min.

' Of note, caregiver-infant interactions were also collected at
36 months as part of the larger study; however, recordings from
36-month interactions were not transcribed, as we were primarily
interested in studying early gesture production in the first two years of
life in relation to later language and ASD outcomes.
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Dyads were instructed to play as they would normally do at
home. Age-appropriate toys were provided.

ASD Outcome Classification

At the infant’s final visit to the lab, which occurred either
at 18, 24, or 36 months, a final ASD diagnosis (+/—) was
determined on the basis of the ADOS (Lord et al. 2000)
and with clinical judgment by a licensed clinical psy-
chologist. The ADOS was administered by research staff
with extensive experience in testing children with devel-
opmental disorders and co-scored by an ADOS-reliable
researcher via recording. If infants met criteria for ASD or
received a score within three points of the cutoff scores on
the ADOS, a licensed clinical psychologist reviewed vid-
eos of the behavioral assessments along with the ADOS
scores and determined final clinical judgment: ASD, no
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ASD, or other (e.g., ADHD, anxiety, language concerns).
For the purposes of the current study, we excluded infants
who were classified as ‘other.” If there were multiple diag-
nostic evaluations at 18, 24, and 36 months (e.g., children
completed all visits at three time points), we used informa-
tion from their most recent visit for ultimate categorization.
ASD evaluation was made at 18 months for four children
(Mpra+ =35 Npra- = 1; n rc=0), at 24 months for ten chil-
dren (ngray=2; ngra_=8; 1y rc=0), and 36 months for 75
children (nyga, = 16; ngpa_=25; ny gc=34). Given the high
diagnostic stability of ASD at 18 and 24 months (Ozonoff
et al. 2015; Zwaigenbaum et al. 2016), infants with ASD
diagnosis made between 18 and 36 months were included
in the present study to maximize sample size.

Language Outcomes

At age 24 months, children were administered the MSEL
(Mullen 1995). We used children’s standardized t-scores
from the MSEL Receptive and Expressive Language sub-
scales as our measures of children’s language outcomes. We
chose the MSEL as our language measure, as it is standard-
ized and independent of our gesture and speech production
measures from naturalistic interactions.

Control Variables

Because one of our research goals was to examine relations
between early gesture and subsequent language skills, we
controlled for several variables such as nonverbal cognition
(measured from 12-month MSEL Nonverbal Developmen-
tal Quotient), infant sex, and parent education, which have
all been reported to be associated with children’s gestural
or language skills (Hoff 2003; Ozgaliskan and Goldin-
Meadow 2010; Wray et al. 2016). In addition, we controlled
for infants’ 12-month number of different words (from
caregiver-infant interactions) and language skills (from
the MSEL Verbal Developmental Quotients, which reflect
infants’ performance on the MSEL Receptive and Expres-
sive Language subscales) in our analyses to study relations
between 12-month gestures and ASD outcomes.

Transcription and Coding
Speech

Speech from the videotaped sessions were transcribed
using the CHAT (Codes for the Human Analysis of Tran-
scripts) conventions of the CHILDES (Child Language Data
Exchange System; MacWhinney 2000) and verified by two
trained research assistants. Following prior work (Pan et al.
2005), speech was transcribed at the level of utterance,

which was defined as a sequence of speech that is preceded
and followed by a pause, a change in conversational turn, or
a change in intonational pattern. Consistent with previous
work (Parladé and Iverson 2015), we classified infant vocal
utterances into words and communicative non-word vocali-
zations (e.g., babbling). Dictionary words, onomatopoetic
sounds (e.g., “meow”), and evaluative sounds (e.g., “uh-
oh”) were counted as words. The number of different words
(word types) infants produced during the 10-min interaction
served as a measure of productive vocabulary. Vegetative
noises, laughter, crying, and other non-speech sounds were
not coded.

Infant Gesture

Occurrences of the infants’ gestures were identified and
coded to indicate gesture categories and their relation to
speech, following earlier work (Ozcaliskan and Goldin-
Meadow 2009). Specifically, we classified gestures into one
of three main categories: deictic, conventional, or represen-
tational. Deictic gestures indicate objects, people, or loca-
tions in the environment (e.g., pointing, reaching, showing,
giving). Conventional gestures are culturally-agreed-upon
hand or body movements with a specific meaning (e.g.,
nodding the head to convey yes). Representational gestures
indicate objects, actions, or relations by recreating an aspect
of the referent’s shape or movement (e.g., flapping arms in
the air to mean flying).

In addition, we coded whether gesture occurred on its
own or combined with speech. When gesture occurred with
speech, it was first determined whether it occurred with a
word or a communicative non-word vocalization. When ges-
ture occurred with a word, it was categorized as reinforcing,
supplementary, or disambiguating (e.g., Ozcaliskan et al.
2017). Reinforcing gesture—speech combinations provide the
same information in both gesture and speech (e.g., point-
ing to cookie + “cookie”). In supplementary gesture—speech
combinations, gesture adds semantic information to the mes-
sage conveyed in speech (e.g., showing a book + “open”).
In disambiguating gesture—speech combinations, gesture
clarifies the message conveyed in speech (e.g., pointing to
book + “this™).

Gesture coding reliability was assessed regularly
between two coders. Approximately 20% of the tran-
scripts (n =45) were randomly selected and double coded
to calculate interrater agreement. Percent agreement and
Cohen’s kappa were calculated for each gesture category:
deictic (99.7%, k=0.996, n=336), conventional (95.4%,
k=0.941, n=86), and representational (80.0%, k=0.762,
n=15). Percent agreement and Cohen’s kappa were also
calculated for classifying gesture based upon its relation
to accompanying speech: gestures alone (93.5%, k=0.934,
n=155), gestures with nonword vocalizations (93.8%,

@ Springer
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Table 2 Means, standard deviations, range, and Ns for total number of gestures, gestures produced with speech, and gestures produced without

speech for HRA+, HRA—, and LRC infants at 12, 18, and 24 months

12 Months 18 Months 24 Months
HRA+  HRA- LRC HRA+ HRA- LRC HRA+ HRA- LRC
Total gestures (a + b) 74(63) 13.6(7.3) 10.0094) 72(6.2) 7.5(7.1) 123(8.3) 12.0(11.7) 14.9(7.6) 14.3(9.8)
0.9-224 2.4-32 1.6-49.5 0-17.6 0-319 0.9-40.7 1.0-40.8 3.0-322 045.1
N=17 N=25 N=28 N=16 N=25 N=29 N=15 N=25 N=29
Gestures produced with speech (a) 203.6) 4138 38(5.6) 4147 4643) 89(79) 8.7(8.6) 11.2(7.3) 11.0(8.2)
0-13.7 0-124 0-28.5 0-16.0 0-142 0.8-37.8 1.0-29.1 0.8-304 0-39.2
N=17 N=25 N=28 N=16 N=25 N=29 N=15 N=25 N=29
Gestures produced without speech (b) 5.4 (5.5) 94(55) 62(.1) 32@4.1) 2942 3427 3343 37(2.8) 3445
0.9-224 1.6-20.6 0-21 0-13.2 0-19.1 0-10.0 0-15.2 0-9.7 0-25
N=17 N=25 N=28 N=16 N=25 N=29 N=15 N=25 N=29

k=0.935, n=281), reinforcing combinations (91.5%,
k=0.905, n=94), supplementary combinations (88.7%,
k=0.875, n=62), and disambiguating combinations
(81.0%, k=0.769, n=21).

Caregiver Responsiveness

Immediate responses by the caregiver to the gestures were
coded as contingent or noncontingent. Specifically, if a
parent’s verbal or nonverbal behavior was related to the
infant’s gesture and was produced within the first utter-
ance following the gesture, the response was coded as
contingent (e.g., an infant points to a ball, and a parent
says “Do you want the ball?”). If a parent produced no
response or a response that was unrelated to the infant’s
gesture within the first utterance following the gesture,
the response was coded as noncontingent (e.g., an infant
points to a ball, and a parent redirects the infant’s atten-
tion and says “Let’s do this puzzle”). Both raw numbers
and proportions of contingent parental responses were
calculated. Approximately 15% of the transcripts (n=33)
were double coded to assess interrater agreement (97.5%,
k=0.960, n=326).

Data Analysis

To address our first research question about group dif-
ferences in infant production of gesture with or without
speech, we converted all gesture variables from frequency
to rates per 10 min, as the lengths of the interactions var-
ied across caregiver-infant pairs (M =9.4 min, SD =2.2)%

2 There was no group difference in mean lengths of caregiver-infant
interaction videos (HRA+: M=9.21, SD=1.90; HRA-: M=9.31,
SD=2.25; LRC: M=9.77, SD=2.04).
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Visual examination of the gesture variables showed non-
normal distributions of data. Therefore, we employed non-
parametric analyses (Kruskal-Wallis H tests) to examine
early gesture production in three groups of infants. Mann-
Whitney U tests were used as post-hoc pairwise compari-
son tests. Regarding our second research question about
group differences in caregiver responsiveness to the ges-
tures, we calculated frequencies and proportions of con-
tingent caregiver responses to infant gestures. Proportions
were calculated for each infant by dividing the total num-
ber of contingent responses to gestures by total responses
to gestures and then averaged across infants in each group.
As these data were proportional, we applied an arcsine
transformation to data and compared group differences in
caregiver responsiveness using non-parametric analyses
(Kruskal-Wallis H tests). Finally, regarding our third and
fourth research questions, we performed correlation and/
or regression analyses to determine whether early gesture
use and caregiver responsiveness were related to later lan-
guage skills, and whether early gesture was predictive of
ASD diagnosis. We conducted all statistical analyses using
Stata 14 (StataCorp 2015).

Results
Gesture Production from 12 to 24 Months
Total Number of Gestures

We first investigated a total number of gestures that
HRA+, HRA—, and LRC infants produced at 12, 18,
and 24 months (Table 2). We found that there were sig-
nificant group differences in the overall amount of ges-
turing at 12 months, ;(2(2, N=70)=9.46, p=0.009, and
18 months, ;(2(2, N=70)=7.86, p=0.020, but not at
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Table 3 Mean proportions and standard deviations for gestures belonging to each category (deictic, conventional, representational) for HRA+,

HRA-—, and LRC infants at 12, 18, and 24 months

12 Months 18 Months 24 Months

HRA+ HRA- LRC HRA+ HRA- LRC HRA+ HRA- LRC
Deictic 0.88 (0.20) 0.89(0.22) 0.93(0.12) 0.84(0.21) 0.79(0.24) 0.84(0.22) 0.85(0.19) 0.81(0.17) 0.82(0.19)
Conventional 0.12(0.20) 0.11(0.22) 0.07(0.12) 0.16 (0.21) 0.21(0.24) 0.16(0.22) 0.15(0.19) 0.18 (0.17) 0.16 (0.19)
Representational 0 0 0 0 0 0 0 0.01 (0.02) 0.01 (0.04)

Table 4 Mean proportions and standard deviations for gesture—speech combinations belonging to each type (non-word vocalization, reinforcing,
supplementary, disambiguating) for HRA+, HRA—, and LRC infants at 12, 18, and 24 months

12 Months 18 Months 24 Months

HRA+ HRA- LRC HRA+ HRA- LRC HRA+ HRA- LRC
Nonword Vocalizations 0.98 (0.06) 0.93 (0.22) 0.96 (0.11) 0.78 (0.35) 0.62(0.35) 0.57 (0.32) 0.13(0.27) 0.08 (0.17) 0.05 (0.12)
Reinforcing 0.02 (0.06) 0.01(0.04) 0.03 (0.09) 0.08 (0.20) 0.21 (0.27) 0.22(0.23) 0.45(0.38) 0.49(0.32) 0.44 (0.28)
Supplementary 0 0.04 (0.15) 0.01(0.05) 0.14(0.31) 0.16 (0.24) 0.20(0.31) 0.30(0.30) 0.19(0.21) 0.25(0.21)
Disambiguating 0 0.02(0.07) 0 0 0.01 (0.02) 0.01(0.02) 0.12(0.27) 0.24 (0.29) 0.25 (0.26)

24 months. Post-hoc pairwise comparisons revealed that
at 12 months, HRA— infants produced significantly more
total gestures than HRA+ infants, U =106, z=—2.73,
p=0.006,d=0.9, and than LRC infants, U=226, z=2.21,
p=0.027, d=0.4. At 18 months, LRC infants produced
significantly more gestures, compared to both HRA+
infants, U=142, z=-2.13, p=0.033, d=0.7, and to
HRA- infants, U=217.5, z=-2.52, p=0.012, d=0.6.
All other group differences were not statistically signifi-
cant at 12 and 18 months.

Number of Gestures Produced With or Without Speech

We next broke down the total number of gestures and
examined gestures produced with or without speech
(Table 2). When examining the number of gestures pro-
duced with speech, we found that the three groups differed
significantly at 12 months,;(Z(Z, N=70)=6.50, p=0.038,
and 18 months, ;(2(2, N=70)=9.64, p=0.008, but not
at 24 months. Specifically, at 12 months, HRA— infants
produced a significantly larger number of gesture—speech
combinations than HRA+ infants, U=117, z=-2.48,
p=0.013, d=0.6. LRC infants showed a trend toward
more gesture—speech combinations than HRA+ infants,
U=163, z=-1.82, p=0.070, d=0.4. At 18 months,
LRC infants produced a significantly larger number of
combinations than HRA+ infants, U=124, z=-2.56,
p=0.010, d=0.7, and than HRA— infants, U=214,
z=-2.58, p=0.010, d=0.7. When comparing the num-
ber of gestures produced without speech, the three groups

differed significantly only at 12 months, y*(2)=8.73,
p=0.013. Post-hoc pairwise comparisons revealed that
HRA- infants produced significantly more gestures than
HRA+ infants, U=111.5, z=-2.59, p=0.010, d=0.7,
and than LRC infants, U=220, z=2.32, p=0.021, d=0.6.

Distribution of Gesture Categories

We examined the distribution of gesture categories
(Table 3). The majority of gestures that infants produced at
all three ages were deictic gestures, with averages of 86%
in HRA+ infants, 83% in HRA— infants, and 86% in LRC
infants, across the ages. Infants also produced conventional
gestures, with averages of 14% in HRA+ infants, 17% in
HRA- infants, and 13% in LRC infants, across the ages.
There were almost no representational gestures in our infant
data. Specifically, at 24 months only 1% of gestures were
coded in the representational category for HRA— and LRC
infants. In sum, at all three ages, there was no significant
group difference in the proportion of gestures belonging to
each category.

Distribution of Types of Gesture-Speech Combinations

We also investigated the distribution of types of ges-
ture—speech combinations (Table 4). At 12 months, there was
no significant group difference in the distribution of types of
gesture—speech combinations. Most of the gesture—speech
combinations that infants produced at 12 months were ges-
tures with non-word vocalizations, with averages of 98%
in HRA+ infants, 93% in HRA— infants, and 96% in LRC
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Table5 Contingent caregiver responses (frequencies and propor-
tions) to infant gesture, by group and age

Child Age HRA+ HRA- LRC
Frequencies
12 months 5.18 (4.11) 9.32(5.81) 7.82 (6.53)
N=17 N=25 N=28
18 months 5.93 (4.99) 7.59 (6.45) 11.45 (9.54)
N=15 N=22 N=29
24 months 10.13 (10.95) 12.8 (7.07) 12.61 (6.84)
N=15 N=25 N=28
Proportions
12 months 0.82 (0.26) 0.84 (0.23) 0.85(0.18)
N=17 N=25 N=28
18 months 0.91 (0.17) 0.91 (0.11) 0.91 (0.12)
N=15 N=22 N=29
24 months 0.88 (0.17) 0.86 (0.11) 0.89 (0.16)
N=15 N=25 N=28

Note Untransformed proportional data are reported in table. We
excluded infants from all analyses of parents’ responses to infant
gestures if the infant did not produce any gesture during the 10-min
interaction

infants. At 18 months, there was a trend toward significant
group difference in reinforcing types, y*(2, N=62)=5.75,
p=0.057, with HRA— and LRC infants producing 21%
and 22% reinforcing types, respectively, compared to 8% in
HRA+ infants. At 24 months, there was a significant group
difference in disambiguating types, y*(2, N=68)=6.70,
p=0.035. Again, HRA— infants and LRC infants produced
a significantly higher proportion of disambiguating types,

compared to HRA+ infants, U=109.5, z=-2.29, p=0.022,
d=04;U=118.5,z=-2.42,p=0.015, d=0.5, respectively.

Contingent Caregiver Responses to Gestures

Descriptive information on the raw numbers and proportions
of contingent caregiver responses is presented in Table 5.
Similar to our findings with infant gestures, we found group
differences in the number of contingent caregiver responses
at 12 and 18 months, but not at 24 months. Specifically,
there was a significant group difference at 12 months, y*(2,
N=70)=5.98, p=0.050, and a significant group difference
at 18 months, °(2, N=66)=6.44, p=0.040. Post-hoc pair-
wise comparisons revealed that at 12 months, HRA+ car-
egivers provided significantly fewer contingent responses to
infant gestures than HRA— caregivers, U=118.5, z=—-2.42,
p=0.016, d=—-0.8. At 18 months, HRA+ caregivers made
significantly fewer contingent responses than LRC caregiv-
ers, U=129.5, z=-2.19, p=0.029, d=-0.7; HRA— car-
egivers also provided fewer contingent responses relative
to LRC parents, U=217.5, z=—-1.94, p=0.053, d=-0.5.

When examining the proportions of contingent caregiver
responses that control for the differences in infant gestures,
we found that caregivers of the three groups of children
did not differ in the proportions of contingent responses:
12 months: °(2, N=70)=0.07, p=0.965; 18 months: *(2,
N=66)=0.91, p=0.634; 24 months: °(2, N=68)=2.85,
p=0.240. Also, caregivers of the three groups showed high
response rates to child gestures, ranging from 82 to 91%
across all ages.

Table 6 Demographic
characteristics for correlation

and regression sample, by group
(N=70)

HRA+ HRA- LRC p (3-group)
Child characteristics
Sex (% female) 29.4% 64.0% 50.0% 0.098~
N=17 N=25 N=28
Race/ethnicity (% White) 82.4% 92.0% 85.7% 0.668
N=17 N=25 N=28
Parent characteristics
Household income® 6.53 (2.42) 7.52 (1.20) 7.68 (1.09) 0.224
N=15 N=23 N=22
Caregiver education® 4.83 (1.62) 5.61(1.73) 6.46 (0.98) 0.006%*
N=15 N=23 N=24

Note Data are reported as group means with standard deviations in parentheses

~p<0.1, *p<0.01

*Income was reported on an eight-point scale: (1) less than $15,000, (2) $15,000-$25,000, (3) $25,000—
$35,000, (4) $35,000-$45,000, (5) $45,000-$55,000, (6) $55,000-$65,000, (7) $65,000-$75,000, (8) more

than $75,000

bCaregiver education was reported as highest level attained on a nine-point scale: (1) some high school, (2)
high school graduate, (3) some college, (4) community college/2-year degree, (5) 4-year college degree, (6)
some graduate school, (7) master’s degree, (8) doctoral degree, (9) professional degree
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Table 7 Means and standard
deviations for children’s
speech (word types), Verbal
Developmental Quotient
(MSEL), and Nonverbal
Developmental Quotient
(MSEL) at 12 months and
receptive and expressive
language standardized t-scores
(MSEL) at 24 months for
regression sample (N="70)

Table 8 A series of regression
models predicting child
receptive language skills
(MSEL) at 24 months based on
early gesture use (12 months),
controlling for word types,

risk status for ASD, nonverbal

HRA+ HRA- LRC p (3-group)

Word types at 12 months 0.99 (1.39) 1.14 (1.91) 0.83 (1.36) 0.769
N=17 N=25 N=28

MSEL VDQ at 12 months 87.84 (18.31) 98.56 (13.20) 99.11 (12.74) 0.028%*
N=17 N=25 N=28

MSEL NDQ at 12 months 115.90 (12.03) 122.85 (13.97) 124.16 (10.78) 0.085~
N=17 N=25 N=28

MSEL RL at 24 months 51.80 (10.75) 55.86 (8.63) 59.43 (7.70) 0.029*
N=15 N=22 N=28

MSEL EL at 24 months 49.00 (11.60) 55.23 (9.71) 57.93 (7.95) 0.017*
N=15 N=22 N=28

Note The number of different words (word types) infants produced is derived from the 10-min interaction.
Verbal Developmental Quotient (VDQ) reflects infants’ performance on the Receptive Language (RL) and
Expressive Language (EL) subscales of the Mullen Scales of Early Learning (MSEL), adjusted for chrono-
logical age. Nonverbal Developmental Quotient (NDQ) reflects infants’ performance on the Visual Recep-
tion and Fine Motor subscales of the MSEL, adjusted for chronological age

~p<0.1, %p<0.05

Model 1

Model 2

Model 3

Model 4

Intercept

Gestures at 12 months
Word types at 12 months
Risk status

53.47%%% (1.80)

53.73%%% (1.79)

56.61%%% (2.10)

35.88%* (12.04)

cognition, sex, and caregiver

: Nonverbal cognition
education

Sex

Caregiver education
N

R? statistic (%)

0.30% (0.14) 0.39% (0.15) 0.39% (0.15) 0.29% (0.14)

—1.44 (0.91) —1.36 (0.88) —1.17 (0.84)

—5.12%(2.13)  —4.30~(2.31)

0.15 (0.09)

—2.63(2.24)

0.76 (0.74)
65 65 65 58
6.6% 10.2% 18.0% 24.8%

Note Nonverbal cognition was measured using Nonverbal Developmental Quotient from Mullen Scales
of Early Learning (MSEL) at 12 months. Risk status was coded as LRC=0, HRA=1. Sex was coded as
female =1, male=0. Data are reported as regression coefficients with standard errors in parentheses

~p<0.1, ¥p<0.05, **¥p <0.01, ***p <0.001

Relations Between Early Gesture, Caregiver
Responsiveness, and Later Language Skills

Demographic data for the sample included in the correlation
and regression analyses are presented in Table 6. We first
examined descriptive information on MSEL standardized
t-scores and found significant group differences in 24-month
receptive and expressive language scores (Table 7). The
total number of gestures at 12 months was significantly
and positively correlated with receptive language scores
at 24 months, r=0.256, p=0.039, but not with expressive
language scores at 24 months, r=0.226, p=0.070. The
number of word types infants produced at 12 months was
not significantly correlated with receptive or expressive lan-
guage scores at 24 months, r=—-.072, p=0.572; r=0.075,
p=0.553, respectively, presumably because there was little

variation in the number of word types infants produced at
12 months.

Given the results of these correlational analyses on early
gesture, word types, and MSEL language outcomes, we
used linear regression models to investigate whether early
gesture predicted later receptive language skills (Table 8).
Model 1 in Table 8 indicates that the total number of ges-
tures at 12 months on its own significantly positively pre-
dicted receptive language scores at 24 months, b=0.30,
1(63)=2.11, p=0.039, 95% CI [0.02, 0.58]. We then
included the number of word types produced at 12 months
in the regression model to control for early speech and found
that gesture at 12 months continued to significantly predict
24-month receptive language skills, even after control-
ling for the number of different words (Table 8, Model 2),
b=0.39, 1(62)=2.58, p=0.012, 95% CI [0.09, 0.70]. This
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Table 9 Logistic regression

o Model 1 Model 2 Model 3 Model 4

models predicting an ASD

diagnosis from early gesture use Intercept 1.06~ (0.64) 1.04 (0.63) 3.18 (2.13) 4.41% (1.71)

(12 months) in high-risk infants 5 oc ¢ 12 months Z0.14% (0.06)  —0.17%% (0.06)  —0.12~(0.06)  —0.17% (0.07)
Word types at 12 months 0.29 (0.26) 0.57~(0.34)
VDQ at 12 months —0.03 (0.02)
Sex —1.78~ (1.00)
Caregiver education —0.57* (0.27)
7 8.00 9.23 9.15 15.97
df 1 2 2 4
Deviance (-2*log likelihood) 48.68 47.46 47.54 35.01
N 42 42 42 38
Pseudo-R? 14.1% 16.3% 16.0% 31.3%

Note Verbal Developmental Quotient (VDQ) reflects infants’ performance on the Expressive Language and
Receptive Language subscales of the Mullen Scales of Early Learning (MSEL), adjusted for chronological
age. ASD diagnosis was coded as ASD=1, no-ASD=0. Sex was coded as female=1, male=0. Data are
reported as regression coefficients with standard errors in parentheses

~p<0.1, ¥p<0.05, *p<0.01

significant relation between gesture and language continued
to hold when we added an infant’s risk status for autism
(Table 8, Model 3), b=0.39, #(61)=2.66, p=0.010, 95% CI
[0.10, 0.69]. Notably, risk status was also a significant pre-
dictor in Model 3 such that high-risk status was associated
with lower receptive language scores, while controlling for
the other variables, b=—-5.12, #(61)=—-2.41, p=0.019, 95%
CI[—9.38, —0.87]. When we included 12-month nonverbal
cognition and demographic covariates (i.e., infant sex and
caregiver education), gesture remained a significant posi-
tive predictor of later language (Table 8, Model 4), b=0.29,
1(51)=2.06, p=0.044, 95% CI [0.08, 0.58], and risk sta-
tus was a marginal negative predictor of later language,
b=-4.30,1(51)=-1.86, p=0.069, 95% CI [—8.95, 0.34].
In short, 12-month gesture was related to 24-month receptive
language, even with risk status controlled (and vice versa,
although to a lesser extent). Finally, we added an interaction
term between gesture and group (not shown) and found no
significant interaction effect, suggesting that the gesture—lan-
guage relation was similar across risk status groups. Taken
together, controlling for 12-month language, risk status, non-
verbal cognition, and demographic covariates, gesture use
at 12 months was a significant positive predictor of Mullen
receptive language scores at 24 months in infants.

In the next step, we examined whether the relation we
found between early gesture and language skills was driven
by caregiver responsiveness. We found that the relation
between the number of contingent parent responses and
children’s receptive language scores was positive and sig-
nificant, r=0.305, p=0.014. However, this relation was no
longer significant when controlling for the number of infant
gestures, r=0.179, p=0.158. Similarly, the relation between
the proportion of contingent parent responses and children’s
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receptive language scores was weak and not statistically sig-
nificant, r=0.077, p=0.542.

Relation Between Early Gesture and ASD Diagnosis

Finally, we conducted binomial logistic regression analyses
to determine whether early gesture use predicted eventual
ASD diagnosis among high-risk infants (Table 9). We found
that the number of gestures at 12 months was significantly
negatively related to autism diagnosis (Table 9, Model 1),
7=—2.46,p=0.014,95% CI [—0.256, —0.029], suggesting
that higher gesture use was associated with a lower probabil-
ity of receiving an ASD diagnosis in high-risk infants. Early
gesture remained a significant predictor of an ASD diagno-
sis when we controlled for infants’ 12-month word types
(Table 9, Model 2), z=-2.63 p=0.008, 95% CI [—0.294,
—0.043]; the same pattern of results emerged when we con-
trolled for infants’ 12-month MSEL Verbal Developmental
Quotients (Table 9, Model 3), z=-1.92, p=0.055, 95% CI
[—0.238, 0.002], although the effect of gesture was trending
towards significant when standardized language scores were
included in the model. Finally, the results held when we
added infant sex and caregiver education (Table 9, Model 4),
7=-2.26,p=0.024,95% CI[-0.311, —0.022]. To interpret
this significant finding, we used the regression equation from
the final model (Table 9, Model 4) and calculated estimated
probabilities of receiving an ASD diagnosis for a high-risk
male infant whose 12-month gesture use was at the 10th
percentile of the sample and a child whose gesture use was at
the 90th percentile, holding their word types and caregivers’
education constant at the sample mean (see Supplementary
Material for calculations). We found that for a high-risk boy
whose gesture use was at the 10th percentile, the probability
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of receiving an ASD diagnosis was 83.6%, whereas for a
boy at the 90th percentile, the probability was 17.4%, hold-
ing word types and parental education constant. Therefore,
higher gesture use at 12 months was associated with a lower
probability of an ASD diagnosis in high-risk infants.?

Discussion

In this study on early gesture in high-risk infants, we had
three main findings. First, we found group differences in
gesture production in high-risk infants later diagnosed
with ASD, high-risk infants without ASD diagnosis, and
low-risk infants at 12 and 18 months of age. Second, the
differences in infant gesture did not alter responsiveness
of caregivers of three infant groups, with caregivers of
all three groups providing similar, high rates of contin-
gent responses to infant gestures. Third, gesture use at
12 months was a significant predictor of infants’ later
receptive language skills and ASD diagnosis. Below we
discuss each of these main findings.

Infant Gesture Production

We found that infants in the three groups showed dif-
ferences in total amount of gesture production at 12 and
18 months. Specifically, at 12 months, high-risk infants
later diagnosed with ASD and low-risk infants produced
significantly fewer gestures, on average, than high-risk
infants who did not develop ASD. Higher gesture produc-
tion of high-risk infants without ASD, compared to that of
low-risk infants, was somewhat unexpected, considering
prior work that suggests lower gesture use in high-risk
infants than in low-risk infants (e.g., Cassel et al. 2007).
This difference could reflect the heterogeneity in early
communicative profiles among high-risk infants (Ozonoff
et al. 2014; Talbott et al. 2016). It is also possible that
higher infant gesture production in high-risk infants with-
out ASD may be due, in part, to higher gesture use in their
mothers, as a positive relation between child and parent
gesture has been reported in the literature (Iverson et al.
1999; Rowe et al. 2008). In fact, drawing on a subsample
of the 12-month-old infants in this study, Talbott et al.
(2015a) found that mothers of unaffected high-risk infants
produced significantly more total gestures than mothers of
low-risk infants.

3 We conducted a sensitivity analysis in which we removed data from
four high-risk infants whose ASD outcomes were determined at 18
months. We found the same results even after we removed data from
these infants.

At 18 months, high-risk infants with and without ASD
produced significantly fewer gestures than low-risk infants.
This finding is consistent with prior work that reported
deficits in gesture production in high-risk infants (Cassel
et al. 2007; Goldberg et al. 2005; Mitchell et al. 2006;
Yirmiya et al. 2006). Notably, unaffected high-risk infants
showed reduction in gesture production between 12 and
18 months, producing six fewer gestures, on average, at
18 months (Table 2). This substantial within-group vari-
ability may, again, highlight the heterogeneous profiles
in early communicative skills of high-risk infants. Alter-
natively, this finding could suggest an atypical pattern
of gesture development in unaffected high-risk infants,
even though they did not eventually develop ASD. Tak-
ing the findings at 12 and 18 months together, there were
significant differences in total gesture production among
the three groups. Thus, these results suggest the need to
go beyond the risk group comparisons, when possible, to
study the specificity and generalizability of risk factors
for ASD (Jones et al. 2014). Future studies may examine
early communicative development of populations at risk
for other neurodevelopmental disorders and infants at risk
for ASD based on other definitions of risk (e.g., prematu-
rity) and compare their development to that of high-risk
infant siblings to address the issue of specificity.

While we found group differences in early gesture at 12
and 18 months, there was no group difference in overall
gesture production at 24 months. This might be because
typically developing children begin to reduce their gesture
use and communicate using words around 2 years of age
(Ozgaliskan and Goldin-Meadow 2009), whereas children
with ASD may not yet replace gestures with words. While
our findings are in line with several studies that used semi-
structured assessments or parent report measures to study
gesture in high-risk infants (Goldberg et al. 2005; Mitch-
ell et al. 2006), they conflict with other previous findings
that found group differences at 24 months (LeBarton and
Iverson 2016; Rozga et al. 2011). For example, LeBarton
and Iverson (2016) reported that high-risk infants with ASD
produced significantly fewer gestures than high-risk infants
without ASD at 24 months (but not at 36 months) using a
similar naturalistic observation method as the current study.
The difference in findings may be attributed to methodologi-
cal differences. For instance, the ASD diagnostic process
was not the same between LeBarton and Iverson (2016) and
the present study. Specifically, children’s diagnostic out-
comes were made at 36 months in LeBarton and Iverson
(2016), whereas diagnostic outcomes were made at 18, 24,
or 36 months, possibly leading to a less conservative sample
in the current study. The difference could also be attributed
to the fact that most of our high-risk infants came from rela-
tively high socioeconomic families (Table 1) and ultimately
had language scores within one standard deviation of the
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population mean (Table 7). Given the mixed findings in
the infant sibling literature, future studies need to further
explore the heterogeneity in early gesture production among
high-risk infants using more diverse and larger longitudinal
samples to depict a comprehensive picture of the develop-
mental trajectory of gesture in high-risk infants.

When we broke down the total number of gestures into
the number of gestures produced with or without speech,
we found that at 12 months, the ASD outcome group inte-
grated gestures with speech significantly less than high-
risk infants without ASD diagnosis. At 18 months, the two
high-risk groups produced a significantly fewer number of
gesture—speech combinations, compared to low-risk infants.
Similar to these findings, previous studies have reported that
the ability to combine different communicative behaviors,
such as gestures and vocalizations, might be impaired in
high-risk infants, especially those who eventually receive
an ASD diagnosis, in the first 2 years of life (Parladé and
Iverson 2015; Winder et al. 2013). When examining the
number of gestures produced without speech, we found
group differences only at 12 months, with high-risk infants
with ASD and low-risk infants producing significantly fewer
gestures alone than high-risk infants without ASD. As dis-
cussed above, this finding might be due in part to higher
gesture production in caregivers of high-risk infants without
ASD (Talbott et al. 2015a), which might have led to higher
gesture production in their infants. Taken together, fewer
gesture—speech combinations and gestures alone indicate
that infants who later developed ASD communicated sig-
nificantly less using gestures with their caregivers at 12 and
18 months than their typically developing peers.

After examining the quantity of gesture produced by
infants, we examined the distribution of gesture catego-
ries each group produced. Consistent with prior literature
(Ozgaligkan et al. 2017), infants diagnosed with ASD did
not differ in their proportional use of gesture categories from
infants with no diagnosis. That is, infants of all three groups
produced mostly deictic gestures between 12 and 24 months
of age. The proportions of conventional and representational
gestures were also comparable across the groups at three
ages. Ozcaliskan et al. (2017) suggested that the complex-
ity of gestural representation may account for similar rates
of different gesture categories across groups. For example,
because a deictic gesture has a clearer mapping to its ref-
erent (e.g., pointing to a ball to indicate ball) and is less
cognitively demanding to produce than a representational
gesture (e.g., flapping arms to convey flying), young children
may be more likely to produce deictic gestures than other
gesture categories (see Ozcaliskan et al. 2017 for detailed
discussion). In summary, while we found group differ-
ences in the quantity of gestures, there was no qualitative
difference in the distribution of gesture categories across
the three groups. Notably, our coding of gesture categories
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(deictic, conventional, representational) is consistent with
that of other studies (e.g., Rowe et al. 2008), but there are
differences in how gestures are categorized in the extant lit-
erature. For example, Ozcaliskan et al. (2017) distinguish
giving gestures from deictic gestures, while the current study
coded giving gestures as part of deictic gestures. Consistent
and detailed coding of gestures in future studies can further
refine our understanding of how groups resemble or differ
from each other in their use of gestures.

Turning to the distribution of types of gesture—speech
combinations, we found group differences at 18 and
24 months. At 12 months, all three groups produced a
greater proportion of gestures with non-word vocalizations
than other types, presumably because most children around
this age do not have words yet and therefore depend on ges-
tures and vocalizations to communicate (e.g., Winder et al.
2013). Compared to high- and low-risk infants without ASD,
high-risk infants later diagnosed with ASD showed a trend
toward a smaller proportion of reinforcing types and a signif-
icantly smaller proportion of disambiguating types at 18 and
24 months, respectively. This finding—high-risk infants with
ASD producing a relatively lower proportion of develop-
mentally advanced gesture—speech combinations than their
peers with no ASD—suggests that infants with ASD might
not have been advancing as quickly as nondiagnosed infants
in the way that they combined gestures with words. In con-
trast, there was no significant group difference in the propor-
tion of supplementary types at three ages. One possibility
for the non-significant difference in supplementary types,
in particular, is that the ability to convey a sentence-like
meaning or create a two-unit construction through a supple-
mentary type (e.g., point to cookie + “eat”) may be equally
variable or challenging for all groups, whereas reinforcing
types (e.g., point to cookie + “cookie”) and disambiguating
types (e.g., point to cookie + “that”) do not require a two-
unit construction and may be easier to produce. Of note, it is
important to highlight that our sample size is relatively small
(although the number of HRA+ infants is larger than most
infant sibling studies) and thus limits our ability to draw
definitive conclusions. Also, a 10-min interaction might be
too short a time period in which to capture children’s use
of different types of gesture—speech combinations. Hence,
future research investigating specific types of gesture—speech
combinations, using longer sampling of child communica-
tive behaviors, could be informative in deepening our under-
standing of the development of gesture—speech integration
in high-risk infants.

Caregiver Responsiveness to Infant Gesture
Given significant differences in early gesture profiles of

infant groups, we sought to examine whether differences in
infant gesture use affected immediate, contingent caregiver
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responsiveness to the gestures. As expected, there was a sig-
nificant group difference in the total number of contingent
responses that parents provided to their infants’ gestures.
That is, because high-risk infants with ASD gestured sig-
nificantly less than their peers at 12 and 18 months, caregiv-
ers of high-risk infants with ASD consequently had fewer
opportunities to provide contingent input to the infants’
gestures. In other words, the differences in the sheer num-
ber of parental contingent responses were driven by the dif-
ferences in the number of infant gestures. By implication,
fewer infant gestures inherently limit the number of chances
for parents to respond, which, in turn, may have cascading
effects on children’s language development (Leezenbaum
et al. 2014). However, when we controlled for the differ-
ences in infant gestures and compared the response rates,
we found that caregivers of all three groups provided high
and comparable proportions of contingent responses to
gestures—a pattern consistent with prior work (Dimitrova
et al. 2016; Leezenbaum et al. 2014). Also, the proportions
of contingent responses did not change with age, suggest-
ing that parental responsiveness was high and stable over
time in all three groups. These findings add to the broader
literature that suggests minimal differences between moth-
ers of high- and low-risk infants in response rates to their
infant’s communicative behaviors and play during dyadic
interactions (Campbell et al. 2015; Leezenbaum et al. 2014;
Talbott et al. 2016).

Early Gesture is Associated with Language and ASD
Outcomes

Consistent with prior research (Rowe et al. 2008; Sauer et al.
2010), we found that early gesture predicted later receptive
language skills, even after controlling for covariates, in both
typical and atypical development (Table 8). Our finding that
12-month gesture predicted later receptive language over and
above 12-month word types suggests that early gesture may
be a more sensitive indicator of potential language difficul-
ties than early productive vocabulary (see also Rowe and
Goldin-Meadow 2009b). One possibility for the significant
relation between gesture and receptive language is that infant
gesture is related to parent gesture, which, in turn, may direct
an infant’s attention to objects and have an impact on child
language (Rowe and Goldin-Meadow 2009b).

While we found a significant relation between gesture
and later receptive language, we found no such relation
between gesture and later expressive language, as indicated
by the lack of the significant correlation. Similar to our find-
ings, Manwaring et al. (2017) and O’Neill and Chiat (2015)
have reported significant associations between gesture and
receptive language, but not expressive language, in children
with ASD and children with language delay, respectively.
In fact, expressive language skills have been reported to be

less impaired than receptive language skills in children with
ASD who acquire language before the age of five (Tager-
Flusberg 2016; Weismer et al. 2010), which was the case
for every child in the current study. Another explanation
is that both early gesture use and receptive language skills
may reflect an infant’s ability to socially engage and interact
with a caregiver or an experimenter and have less to do with
language production abilities. A meta-analysis reported a
stronger relation between pointing gestures and receptive
language than expressive language in typical development
(Colonnesi et al. 2010), lending support to this explanation.
Given that the implications of a significant relation between
early gesture and language outcomes are important in creat-
ing targeted interventions, future studies should use experi-
mental manipulation of gesture (e.g., LeBarton et al. 2015)
to identify the precise mechanism(s) underlying the effect
of gesture on children’s receptive and expressive language
skills in both typical and atypical development.

Unlike infant gesture, caregiver responsiveness to infant
gesture was not associated with later language skills, when
infant gesture was controlled. The fact that we did not find
a relation between caregiver responsiveness and children’s
subsequent language skills was contrary to our hypothesis
based on previous work (Dimitrova et al. 2016; Goldin-
Meadow et al. 2007; Leezenbaum et al. 2014; McDuffie
and Yoder 2010). However, this finding likely reflects the
differences in how responsiveness was defined and coded
across the studies. The current study investigated overall
responsiveness (i.e., did a caregiver provide an immediate,
contingent response to child gesture?), while prior studies
have examined specific types of parent verbal responses
(e.g., translations, follow-in comments) in relation to child
language outcomes. Thus, our follow-up work is currently
examining type and modality of caregiver responses to
address this limitation, with the goal of studying potential
mechanism(s) underlying children’s language-learning pro-
cess in high-risk infants.

Finally, we found that the total number of gestures at
12 months predicted which high-risk infants would likely
receive an ASD diagnosis, even when controlling for early
speech or language and demographic covariates®. This

4 Of note, caregiver education was also significantly and negatively
associated with ASD diagnosis, such that infants whose parents had
higher levels of education had a lower probability of receiving ASD
diagnosis later. This finding, however, contrasts with previous find-
ings that reported a positive association between maternal education
and rates of ASD in the United States (e.g., Fountain et al. 2011), and
is difficult to interpret considering that we have limited information
on potential confounders of parental education and that parents of
both HRA +and HRA- infants had relatively high levels of education
in the current study (Table 6). Further research may help elucidate
potential mechanisms of association between parental education and
ASD within a high-socioeconomic sample.
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replicates previous work that found early gesture use was
predictive of ASD outcomes (Chawarska et al. 2014; Colgan
et al. 2006; Veness et al. 2014). By implication, careful mon-
itoring of early communicative behaviors such as gestures
may be important in differentiating infants who will eventu-
ally develop ASD from those who will not. However, it is
important to keep in mind that although the effect was sig-
nificant, it was small, and that gesture alone is not likely to
be indicative of eventual ASD outcomes in clinical practice
due to low specificity and sensitivity (Luyster et al. 2011).
For example, gesture has been found to predict outcomes
in other clinical populations (e.g., late talkers; Thal et al.
1991), suggesting that atypicality in early gesture is not spe-
cific to ASD. Nevertheless, the current data indicates that
early gestural abilities of high-risk infants should be closely
monitored by primary care professionals, educators, and car-
egivers to ensure timely referral for intervention and access
to services. Shire et al. (2018) reported that educational
professionals could be reliably trained to assess nonverbal
communicative skills and set appropriate intervention targets
for children with ASD, showing the potential of training
for stakeholders to facilitate earlier detection of risks and
intervention.

One important limitation of the current study that war-
rants discussion is that the overall recurrence rate in our
larger study was approximately 30%, which is higher than
the expected rate reported in the prior literature (e.g., 18.7%;
Ozonoff et al. 2011). This might be due to sampling bias; for
example, mothers of high-risk infants who were concerned
about the infant’s development (e.g., reduced gesture use)
might have been more likely to enroll their infant in our
study than those of high-risk infants who did not display
atypicality in early development. In fact, a previous study
using an overlapping sample as the current study found that
mothers of high-risk infants reported significantly more con-
cerns about infants’ social communication within the first
year of life, compared to mothers of low-risk infants (Talbott
et al. 2015b). Considering this issue, our findings on infant
gesture production may be biased and may not generalize to
the larger population of high-risk infants, especially those
who may not show atypicality in gesture use within the first
year of life.

Conclusions

In summary, the current study provides a detailed descrip-
tion of gesture production in infants at high and low risk for
ASD and caregiver responsiveness in relation to language
or ASD outcomes between 12 and 24 months of age. Our
findings indicate that low gesture use may be predictive
of later developmental outcomes in high-risk infants. By

@ Springer

implication, early gesture use should be closely monitored
and assessed in high-risk infants to identify those who will
have difficulties with language or ASD at a later age. Early
identification of those at-risk children can lead to timely
access to resources and intervention services that have been
shown to promote positive outcomes for our children (Daw-
son 2008; Kasari et al. 2012).
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