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Abstract Impairments in language and communication
are an early-appearing feature of autism spectrum disorders
(ASD), with delays in language and gesture evident as
early as the first year of life. Research with typically
developing populations highlights the importance of both
infant and maternal gesture use in infants’ early language
development. The current study explores the gesture pro-
duction of infants at risk for autism and their mothers at
12 months of age, and the association between these early
maternal and infant gestures and between these early ges-
tures and infants’ language at 18 months. Gestures were
scored from both a caregiver-infant interaction (both
infants and mothers) and from a semi-structured task
(infants only). Mothers of non-diagnosed high risk infant
siblings gestured more frequently than mothers of low risk
infants. Infant and maternal gesture use at 12 months was
associated with infants’ language scores at 18 months in
both low risk and non-diagnosed high risk infants. These
results demonstrate the impact of risk status on maternal
behavior and the importance of considering the role of
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social and contextual factors on the language development
of infants at risk for autism. Results from the subset of
infants who meet preliminary criteria for ASD are also
discussed.
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Introduction

Impairments in language and communication are core
features of autism spectrum disorders (ASD), ranging from
the pragmatic deficits observed in higher-functioning
individuals to the often profound delays exhibited by those
more severely affected (Tager-Flusberg et al. 2005). These
impairments are also among the earliest emerging behav-
ioral markers of ASD, with deficits in language and gesture
production identified retrospectively as early as 12 months
of age (Colgan et al. 2006; Osterling and Dawson 1994;
Werner et al. 2000). Prospective investigations of infant
siblings of children with autism, who are at an increased
genetic risk for the disorder (see Zwaigenbaum, et al. 2007
for a discussion of this methodology) have also reported
delays in language and gesture production during the first
year of life for infants who are later diagnosed (Mitchell
et al. 2006; Ozonoff et al. 2010; Paul et al. 2011; Rozga
et al. 2011; Zwaigenbaum et al. 2005). Importantly, pro-
spective investigations of these infants at high risk for
autism (HRA), defined by having an older sibling with an
ASD diagnosis, have also identified impairments in lan-
guage and gesture use in non-diagnosed infant siblings,
although these impairments are typically reported begin-
ning in the second year of life (Ben-Yizhak et al. 2011;
Gamliel et al. 2009; Iverson and Wozniak 2007; Mitchell
et al. 2006; Stone et al. 2007; Yirmiya et al. 2006; Yirmiya
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et al. 2007; Zwaigenbaum et al. 2005). Given the perva-
siveness of language difficulties within the entire group of
high risk siblings and the impact of language on functional
outcomes, understanding the factors that underlie early
language development within this population has signifi-
cant implications not only for the subset who are diagnosed
with ASD, but for a significant portion of siblings whose
diagnostic status may be less clear.

A variety of early developmental domains have been
identified as correlates of language ability in young chil-
dren with ASD, including early motor development (Iver-
son and Wozniak 2007), cognition (Thurm et al. 2007),
play, (Sigman and McGovern 2005), imitation (Charman
et al. 2003; Toth et al. 2006), joint attention (Adamson
et al. 2009; Mundy et al. 1990; Shumway and Wetherby
2009), and gesture use (Luyster et al. 2008; Smith et al.
2007).

In a study examining the contribution of each of these
domains to the language level of toddlers with ASD, cog-
nitive level and gesture use were identified as the most
robust predictors of both receptive and expressive con-
current language levels (Luyster et al. 2008). Given the
considerable overlap between early gesture production and
the pre-linguistic communicative functions they serve,
including many of the specific domains mentioned above
(e.g., initiation of joint attention) it is not surprising that
gesture use accounted for a significant proportion of vari-
ance in the models for both language domains.

The impact of gesture use on early language develop-
ment is underscored by work with typically developing
infants, in which specific features of gesture production,
such as the diversity of meanings they express, and their
combination with infants’ early vocabulary (e.g., pointing
to juice while saying ‘more’), predict specific measures of
language development, namely vocabulary size and sen-
tence complexity (Iverson and Goldin-Meadow 2005;
Rowe and Goldin-Meadow 2009a).

Several investigations have also reported relationships
between early maternal gesture use and infants’ own gesture
use and language ability. Tomasello and Farrar (1986) found
that maternal directives (orienting the child’s attention to a
new object through speech) which included gestures and
which the infant followed to the target, were positively cor-
related with infants’ concurrent vocabulary at 15 months.
Iverson et al. (1999) also reported significant correlations
between maternal gesture and infant gesture and language
measures, although they dropped below significance when
controlling for overall maternal communicativeness.
Finally, maternal gesture use predicts concurrent infant
gesture use, which in turn predicts infants’ language devel-
opment, in some cases more than 2 years later (Liszkowski
et al. 2012; Liszkowski and Tomasello 2011; Rowe and
Goldin-Meadow 2009a; Rowe et al. 2008).
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The relationship between maternal gestures and infant
language development is of particular interest for infants at
risk for ASD given the difficulties infants and children with
ASD demonstrate in social communication, including gaze,
social orienting, and attention shifting (Dawson et al. 1998;
Landry and Bryson 2004; Nadig et al. 2007; Ozonoff et al.
2010, Zwaigenbaum et al. 2005). There is evidence that
these domains may also be vulnerable in non-diagnosed
infant siblings. Six-month-old HRA infants display atypi-
cal patterns of social attention, spending more time looking
away from their parents during a Face-to-Face/Still-Face
Paradigm than a group of age-matched controls (Ibanez
et al. 2008). 12-to-23-month old HRA siblings demonstrate
impairments in directing attention, and are also less accu-
rate at following an experimenter’s cues to a target,
although improve when the experimenter’s cues are highly
redundant and include gaze shifts, vocalizations, and
pointing (Presmanes et al. 2007; Stone et al. 2007). These
impairments may limit HRA infants’ use of maternal ges-
tures when acquiring language.

There is also reason to suspect that maternal gesture
production itself may be altered in mothers of high risk
infants. Recent work with typically developing mother-
infant dyads demonstrates the importance of reciprocity in
early gestural ‘proto-conversations’, with both mothers and
infants more likely to point within close temporal prox-
imity of each other’s point production (Liszkowski et al.
2012). Although it is not yet clear whether impairments in
gesture production are present in non-diagnosed high risk
siblings at 12 months of age, the presence of such delays
may result in fewer reciprocal gestural interactions, and
thus lead to corresponding reductions in maternal gesture
production rates. Mothers of high risk infants may also
differ in the distribution of the types of gestures they
produce. Such alterations in gesture distribution have been
identified in other clinical populations such as Down
Syndrome, where mothers produce a greater proportion of
deictic gestures than mothers of typically developing
infants matched on language level; this increase in deictic
gestures is part of a pattern of ‘gestural motherese’ which
functions to simplify maternal communication (Iverson
et al. 2006).

Although only a subset of high risk infants will go on to
develop ASD, mothers of high risk infants may use some of
the adaptations they have learned with their older diag-
nosed child, including increased gesture production, during
interactions with their high risk infants. There is emerging
evidence to support this claim. Beginning as early as
6 months, mothers of high risk infants are rated as more
directive during parent—child interactions and also report
significantly more concerns than parents of low risk infants
(McMahon et al. 2007; Ozonoff et al. 2009, Wan et al.
2012). Importantly, while parental concerns in the second



J Autism Dev Disord

year of life are well correlated with infants’ diagnostic
status, these very early concerns are poorly related to
standardized measures of concurrent infant functioning,
suggesting that alterations in parent behavior at the earliest
ages are more likely a function of risk status in general,
rather than a specific reflection of symptom emergence
(Ozonoff et al. 2009). These early concerns, combined with
parents’ experiences with their older diagnosed child, may
manifest in parents’ adoption of a gestural motherese,
including increased use of deictic gestures, during early
mother—child interactions.

In sum, although the literature has identified delays in
gesture use by both diagnosed and non-diagnosed high risk
infant siblings, it is unclear whether to expect mothers of
high risk infants to demonstrate differences in gesture
production at 12 months of age and whether any potential
differences in maternal gesture use would lead to dimin-
ished, enhanced, or preserved effects of maternal gesture
on the gesture and language development of high risk
infants.

Here, we pursue three particular goals. The first is to
examine the potential impact of risk status on parental
gesture use by comparing both the quantity and diversity of
gestures used by mothers when interacting with their
12-month-old infants. The second is to determine whether
delays in gesture are observed in HRA infants at 12 months
of age. Finally, we hope to determine whether the rela-
tionships between maternal gesture, infant gesture, and
infant language development observed in the typically
developing literature are altered in this high risk
population.

Methods
Participants

Data for the 75 infants (48 HRA, 27 Low Risk Controls,
hereafter, ‘LRC’) included in this study were obtained as
part of a larger ongoing study of infants at risk for ASD
conducted jointly by Boston University and Boston Chil-
dren’s Hospital. Interested families were contacted by the
study coordinator, who conducted a detailed telephone
eligibility interview. All infants were screened for exclu-
sionary criteria (prematurity, extended stays in the neonatal
intensive care unit, maternal drug or alcohol use during
pregnancy, family history of genetic disorders associated
with ASD, and primary languages other than English).
Infants were enrolled into the high-risk group (HRA) if
they had an older sibling with a diagnosis of Autism, As-
perger Syndrome, or Pervasive Developmental Disorder-
Not Otherwise Specified (PDD-NOS); diagnostic infor-
mation for the proband was obtained though parent report

during the telephone screening process and confirmed for
probands at least 48 months of age by a score of at least 15
on the Social Communication Questionnaire (SCQ; Rutter
et al. 2003; n = 29), meeting diagnostic criteria on the
Autism  Diagnostic  Observation  Schedule—Revised
(ADOS; LORD et al. 2000; n = 6), or through diagnosis
by expert clinician in the community (n = 12). Infants
were enrolled into the low risk control (LRC) group if they
had at least one older sibling who was typically develop-
ing, confirmed by a score less than 12 on the SCQ for those
over 48 months of age, and no first-degree relatives diag-
nosed with an ASD or other neurodevelopmental disorder.
There were no group differences on any of the demo-
graphic variables, which are presented in Table 1.
Informed consent was obtained from parents prior to
participation.

Procedure

Infants were seen at 12 and 18 months as part of their
participation in the larger ongoing project. At the 12-month
visit, trained research staff administered the Communica-
tion and Symbolic Behavior Scale (CSBS; Wetherby and
Prizant 1993), the Mullen Scales of Early Learning
(MSEL; Mullen 1995), and infants and parents engaged in
a 10-minute free play session (mother—child interaction;
MC) during which they were provided with a variety of
infant-appropriate toys (rattles, book, cars, etc.) and were
instructed only to “play as you normally would”. For a
small number of infants (3 HRA, 1 LRC) fathers served as
the primary caregiver and were included in these analyses.
For ease of interpretation, all interactions are referred to as
mother—child dyads. At the 18-month visit, trained research
staff administered the MSEL and the Autism Diagnostic
Observation Schedule.' All sessions were video recorded
for later coding and transcription.

Measures
Communication and Symbolic Behavior Scale (CSBS)

The CSBS is a semi-structured interaction between an
examiner and an infant, designed to assess infants’ com-
municative and symbolic behavior repertoires. Infants are
presented with a series of tempting toys, snacks, and
symbolic play opportunities in order to elicit requests and
social initiations, including gesture. The CSBS as a stan-
dardized measure demonstrates excellent reliability and

! Many of the infants included in this study have been seen at 24 or
36 months of age (LRC: 2 at 24 months, 25 at 27 months; HRA: 4 at
18 months, 10 at 24 months, and 33 at 36 months). Whenever
available, ADOS scores and clinical judgment from these later visits
will be used in making diagnostic classifications.
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Table 1 Participant demographics, by Enrollment Group

Group

Low risk (n = 27) High risk (n = 47)

Gender (% male)

Ethnicity/race (% non-White, non-Hispanic)

Family income level (% with income less than $65,000)
12 Month Nonverbal developmental quotient (mean, SD)*
Chronological age (days) at 12 month visit (mean, SD)
Chronological age (days) at 18 month visit (mean, SD)

52.0 55.3

24.1 8.5

14.9 18.5
1283 (15.2) 122.4 (13.1)
368.7 (10) 372.1 (9)
556.3 (9) 557.2 (13)

Note that the data presented here includes the subset of children with ASD outcomes

% Nonverbal developmental quotients reflect infants” performance on the Visual Reception and Fine Motor subscales of the Mullen Scales of

Early Learning (MSEL), adjusted for chronological age

validity. For the purposes of the present study, the CSBS
was used as a context for scoring infant gesture
competency.

Autism Diagnostic Observation Schedule: Generic
(ADOS-G)

The ADOS is a semi-structured play-based interaction
designed to assess participants’ social and communicative
abilities across a range of contexts which vary according to
language ability. The presence of repetitive behaviors and
restricted interests are also noted. Individual items are
scored from O to 3, with higher scores indicating more
profound impairment. The items in the scoring algorithm
map onto DSM- IV criteria for ASD, and empirically-
derived cut-offs can be used to categorize scores into those
meeting criteria for Autism, Autism Spectrum, or non-
spectrum.

Mullen Scales of Early Learning (MSEL)

The MSEL is a standardized developmental assessment
designed to be used with infants from birth through
68 months of age. It measures skills in Gross Motor and
four cognitive domains: Fine Motor, Visual Reception,
Expressive Language and Receptive Language. An
18-month Language score was calculated for each infant by
summing their 18-month raw scores on the two language
subscales.”

2 Although many studies of the impact of gesture on language
development use a measure of vocabulary such as the MacArthur-
Bates Communicative Development Inventory (MCDI; Fenson et al.
2007), this measure was not added until later in the study and
therefore was only available for 30 of the 75 infants in this analysis
(21 HRA, 9 LRC). Descriptive information on the vocabulary
measure of the MCDI (number of words produced) for this subset
of infants is presented in Table 3 for comparison.
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Coding Schemes
Infant Gesture

Infant gesture use was scored from video of the CSBS with
an examiner and during the mother—child (MC) interaction.
Seven subjects (4 HRA, 3 LRC) did not complete the
CSBS due to fussiness. For these participants, gesture use
was scored from the mother—child interaction only. All
gestures were coded using a scheme developed by Goldin-
Meadow et al. (Iverson and Goldin-Meadow 2005; Goldin-
Meadow and Mylander 1984; Rowe and Goldin-Meadow
2009b) and included communicative use of Deictic
(pointing, showing, reaching, etc.), Representational (e.g.,
using the hands to make a cup or whiskers), and Conven-
tional (e.g., nodding yes, shaking no) gestures. Following
Rowe et al. (2008), two final scores were calculated:
Tokens and Types. The Tokens score reflects the total
number of gestures produced during the session. The Types
score reflects the number of different meanings conveyed
through gesture. Deictic gestures with different referents
were considered to have different meanings. For example,
a child pointing twice towards a picture on the wall and
once towards a bottle would receive a Token score of 3 and
a Type score of 2. To account for differences in session
length, scores were calculated as the rate of use per 10 min.

Token and Type scores were calculated for each indi-
vidual context (CSBS and MC) in addition to a total
composite score that included all gestures used in either
context, yielding 6 total infant gesture variables (Infant
CSBS Gesture Tokens and Gesture Types, Infant MC
Gesture Tokens and Gesture Types, and Infant Total Ges-
ture Tokens and Gesture Types). These variables were
chosen for several important reasons. The first was to more
readily enable comparisons between the data collected here
and previous reports of the associations between early
gesture and language in both typically developing samples
which have focused primarily on naturalistic, mother—child
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interactions, and those reported for young children with
autism which have focused more heavily on gestural
competency during standardized assessments or on ques-
tionnaires. This distinction is also important when con-
sidering the relationships between infant and maternal
gesture rates which again, have been reported for typically
developing dyads in naturalistic mother—child interactions
but have not been examined at all in this high risk popu-
lation. Finally, as gesture production is just beginning to
emerge at 12 months of age, the composite variable was
created to maximize the observational period and the
number of gestures observed; intercorrelations between the
two contexts range from r = .51 to r = .70, suggesting
there is some association of gesture production rates across
the two contexts.

Maternal Gesture

Maternal gestures were scored from video recording of the
12-month MC interaction using the same procedure out-
lined for coding of infant gestures, but coded gestures were
restricted to those accompanied by specific infant atten-
tional patterns in an effort to ensure they had observed the
gestures produced. Deictic gestures were scored only if the
infant looked at the referent. Representational and Con-
ventional gestures were scored only if the infant looked
towards the mother. Infant attention was coded liberally,
and gestures were scored if the infant was either already
looking at the target while the gesture was produced, or
looked at the target immediately following its production
(e.g., were coded whether the gestures were following the
infant’s focus of attention or trying to direct it, as long as
the child looked at the appropriate target). This approach is
consistent with prior research demonstrating that maternal
directives which include gestures and which the infant
follows to the target are correlated with infant language
(Tomasello and Farrar 1986). Maternal Gesture Token and
Maternal Gesture Type scores (rate per 10 min) were
calculated.

Maternal Language

Standardized measures of maternal vocabulary size (num-
ber of different words, NDW), and overall communica-
tiveness (number of total words, NTW) were derived from
transcripts of the MC interaction. The 12-month MC
interactions were transcribed by coders trained to 80 %
reliability for each utterance, using Systematic Analysis of
Language Transcripts (SALT) software, in order to obtain a
maternal language sample. Due to audio recording errors,
transcript information for three mothers was unavailable (2
HRA, 1 LRC). Final scores for each variable reflect the

total number of words and number of different words per
10 min.

Gesture Coding and Language Transcription

Gestures were coded from videotape using Noldus: The
Observer XT software program (version 10.0) by two
coders blind to group membership and trained to 80 %
agreement on each gesture category. Ongoing reliability
was maintained by double coding approximately 20 % (15)
of files and assessed using Intraclass Correlation Coeffi-
cients (ICC’s). Because both coders scored each of these 15
files, a two-way mixed design was used (Shrout and Fleiss
1979). ICC’s were calculated for each gesture category:
Maternal Deictic (r = .87), Maternal Conventional
(r = .94), Maternal Representational (r = .74), AC Deictic
(r =.79), AC Conventional (r = .83), AC Representa-
tional (r = .87), Infant Deictic (r = .94), and Infant Con-
ventional (r = .95). An ICC for Infant Representational
gestures was not computed because no children in either
group produced any representational gestures.

Results
Overview

Participants were all seen within a window of 2 weeks
prior through 1 month after their 12 and 18-month birth-
days, ranging from 11 to 12 months for the 12 month visit,
and from 17 to 18 months for the 18-month visit. One
infant (HRA, female) was excluded from all analyses after
it was revealed that the family was not monolingual Eng-
lish-speaking. The mean length of total video footage
coded was 25 min for infants and 8 min for mothers, which
did not differ by group (Infant: #74) = —.620, p = .537;
Mother: #(74) = —.113, p = .910). Analyses were con-
ducted to address our primary goals. First, to determine
whether mothers of infants at risk for ASD differ from
mothers of low risk infants in either the overall number of
gestures produced, the number of meanings expressed via
gesture, or the distribution of gesture types, whether delays
in gesture production are present in non-diagnosed infant
siblings at 12 months of age and finally, to explore the
relationships between these measures. Non-parametric
analyses were conducted due to the non-normal distribu-
tion (e.g., significant positive skew) exhibited by some of
the gesture variables.

Autism Symptoms

Nine infants scored above the cutoff on the ADOS criteria
for an ASD at their most recent study visit. Six of these
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infants both scored above the ADOS threshold for ASD at
36 months and were classified as ASD according to a
clinical best estimate rating made by an expert clinician.
An additional three infants met criteria for ASD on the
ADOS at their most recent study visit (1 at 18, 2 at 24).
One of the infants who met ADOS criteria at 24 months
has not yet been seen at 36 months. The other two infants
who met ADOS criteria at 18 and 24 months months later
discontinued their participation in the larger project and a
clinical best estimate was made using all available data;
both received a clinical best estimate of ASD. For the
purposes of the present study, these 9 infants are classified
as ‘probable’ ASD. An additional 4 infants met ADOS
criteria at 24 months, but failed to meet ADOS cut-off at
36 months and received clinical judgments of non-ASD.
These four infants are included in the larger group of non-
ASD high risk infant siblings, designated as HRA.

Group Differences in Maternal Gesture and Language

Descriptive statistics for maternal language and gesture
measures are presented in Table 2.

To determine whether mothers differed in their rates of
gesture and language use at the 12 month laboratory visit,
non-parametric analyses (Kruskal-Wallis) were used to
evaluate differences between the groups (ASD, HRA, and
LRC) for the two gesture variables (Maternal Gesture
Tokens, Maternal Gesture Types) and the two language
variables (NTW and NDW). The tests for both gesture
measures were significant (Maternal Gesture Tokens, xz (2,
N = 74) = 6.70, p = .035; Maternal Gesture Types x2 (2,
N = 74) = 6.20, p = .045). Post hoc pair-wise compari-
sons using Mann—Whitney U tests revealed significant
differences between HRA and LRC mothers for both
Maternal Gesture Tokens (U = 709.0, p = .009) and
Maternal Gesture Types (U = 704.0, p = .001), with HRA
mothers producing more of each type. No other contrasts
were significant.

Figure 1 displays the distribution of each gesture cate-
gory for each of the three diagnostic groups.

Mothers in each of the three groups produced a majority of
deictic gestures (mean;rc = 0.78, SD = 0.19; meanyga
= 0.77, SD = 0.15; meanasp = 0.78, SD = 0.18), fol-
lowed by conventional (mean;gc = 0.18, SD = 0.17;
meangra = 0.17, SD = 0.14; meanagp = 0.13, SD =
0.15), and representational (mean;grc = 0.04, SD = 0.09;
meangra = 0.06, SD = 0.08; meanssp = 0.09, SD =
0.09), respectively. Non-parametric analyses (Kruskal—
Wallis) revealed no significant group differences in the
proportion of gesture types used by mothers in each of the
three groups.

Group Differences in Infant Gesture and Language

Descriptive statistics for infant language and gesture
measures are presented in Table 3.

Non-parametric analyses (Kruskal-Wallis) were con-
ducted to identify any group differences in infants’ gesture
use at 12 months of age or language ability at 18 months.
The test was significant only for Infant Total Gesture
Tokens, x2 (2, N =74) = 7.287, p = .026). Post hoc pair-
wise comparisons (Mann—Whitney U) revealed significant
differences between the ASD infants and both the HRA
infants (U = 94.0, p = .017) and LRC infants (U = 50.5,
p = .008). The comparison for HRA and LRC infants was
non-significant (U = 472.0, p = .585).

Relationships Between 12-month Gestures and 18-
month Language

Correlational analyses were conducted to examine the
association between 12-month measures of infant gesture,
maternal gesture and maternal language and 18-month Infant
Language scores. Non-parametric (Spearman’s p) correla-
tions were calculated between each of the 12-month gesture
and language predictors (Infant Total Gesture Tokens, Infant

Table 2 Means and SDs for maternal gesture and language measures, by group

Group

LRC (n =27) HRA (n = 38) ASD (n =9)
Maternal Gesture Tokens 14.78 (7.2) 20.85 (8.8)** 17.58 (13.9)
Mean (SD)
Maternal Gesture Types 10.93 (5.4) 14.27 (5.4)* 12.77 (8.4)
Mean (SD)
Maternal 12-month NTW 486.64 (148.9) 479.88 (213.2) 531.53 (237.0)
Mean (SD)
Maternal 12-month NDW 151.22 (35.0) 148.60 (55.2) 139.18 (57.36)
Mean (SD)

** p < .01; * p < .05 for HRA versus LRC contrast
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i “LRC |

Deictic Conventional Representational

Fig. 1 Proportion of total maternal gestures belonging to each
category type (Deictic, Conventional, and Representational) for
LRC, HRA, and ASD groups. Error bars represent the standard
error of the mean

Total Gesture Types, Infant MC Gesture Tokens, Infant MC
Gesture Types, Infant CSBS Gesture Tokens, Infant CSBS
Gesture Types, Maternal Gesture Tokens, Maternal Gesture
Types, MLU, and NDW) and infants’ 18-month Language
scores. Intercorrelations among each of these variables are
presented in Table 4.

For all three groups, 18-month Language was signifi-
cantly correlated with infants’ composite gesture scores
and CSBS gesture scores. Infant gestures scored from the
mother—child interaction were significantly correlated with
18-month language only for the ASD group, and at trend
level for the HRA group between Infant MC Gesture
Tokens and 18-month Language. 18-month Language was
also significantly correlated with maternal gesture use for
both the LRC and HRA infants, but not for the ASD group.
18-month Infant Language was not correlated with
Maternal NTW or Maternal NDW for any group.

For both HRA and ASD, but not LRC dyads, significant
correlations between maternal and infant gestures measures
were observed. For HRA dyads, these correlations were
present across both the MC and CSBS contexts and in the
composite variables. For ASD dyads, these correlations
were observed for gestures scored from the CSBS context
and for the composite gesture variables.

Partial correlations between Infant 18-month Language
and Maternal Gesture Tokens (controlling for Infant Total
Gesture Tokens) and Maternal Gesture Types (controlling
for Infant Total Gesture Types) were also calculated.
Correlations between 18-Month Language and Maternal
Gesture Tokens remained significant for both groups, while
the correlation between 18-month Language and Maternal
Gesture Tokens remained significant only for the LRC

Table 3 Means, SDs, and range for infant gesture and language
measures, by group

Group
LRC(n=27) HRAn=38) ASD®n=9)
Composite Infant Gesture Measures
Infant Total Gesture Tokens
Mean (SD)  6.26 (5.0) 5.65 (5.9) 2.49 (3.9)*
Range 18.30 34.50 11.70
Infant Total Gesture Types
Mean (SD)  3.93 (2.9) 3.71 (3.0) 1.97 (2.9)
Range 11.44 16.60 8.88
Context-Specific Infant Gesture Measures
Infant MC Gesture Tokens
Mean (SD)  2.78 (2.7) 2.90 (4.9) 2.19 (3.7)
Range 10.74 23.10 11.13
Infant MC Gesture Types
Mean (SD)  1.90 (1.9) 2.12 (2.9) 1.66 (2.6)
Range 6.14 14.70 7.41
Infant CSBS Gesture Tokens®
Mean (SD)  6.32 (5.8) 5.22 (6.9) 1.95 (2.9)
Range 21.89 38.68 8.57
Infant CSBS Gesture Types
Mean (SD)  3.95 (3.4) 3.19 (3.3) 1.66 (2.4)
Range 12.89 17.00 7.14
Infant language measures
Infant 18-month Language Score
Mean (SD)  37.74 (4.36) 36.53 (6.4) 34.33 (8.9)
Range 16 31 27
Infant 18-month MCDI words produced”
Mean (SD)  74.56 (49.7) 89.62 (103.5) 153.60 (204.5)
Range 138 359 466

* p < .05 for ASD versus LRC and ASD versus HRA contrasts

* Note that infant gesture scores from the CSBS do not include the
small number of infants who did not complete this assessment
(3 LRC, 4 HRA)

® MCDI scores are reported from a subset of infants (9 LRC, 16
HRA, 5 ASD)

group. (LRC: Maternal Gesture Tokens, p = 43, p =
.030, Maternal Gesture Types, p = .51, p = .009; HRA:
Maternal Gesture Tokens, p = .34, p = .043).

Discussion

In this study, we examined the frequency and types of
gestures used at 12-months of age by infants at risk for
autism and their mothers, and the relationship between
these early gestures and infants’ language scores at
18 months. We found group differences in infant gesture
production, with infants later diagnosed with autism pro-
ducing about half the number of gestures produced by the
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Table 4 Zero-order Spearmans’ correlations of Infant and maternal 12-month gesture scores, by group

1 2 3 4 5 6 7 8 9 10 11
LRC
1 Infant 18-month Language Score — - - - - - - - - - _
2 Infant Total Gesture Tokens 60F*F  — - - - - - — — — _
3 Infant Total Gesture Types 59k 97— - - - - - - _ -
4 Infant MC Gesture Tokens 17 .60%* SiEE o — - - - - — _ _
5 Infant MC Gesture Types 23 71 66%* 96%*F  — - - - — _ _
6 Infant CSBS Gesture Tokens .64°%% 91 84%% 5%k O1%% - - - - —
7  Infant CSBS Gesture Types .62%%* 92k 91#* ST L627%% 96%*%  — - - - -
8 Maternal Gesture Tokens S0%* A5 .14 .08 13 .19 17 - - - -
9  Maternal Gesture Types 58 18 .19 .05 .10 22 25 92%% - — - -
10  Maternal 12-month NDW 31 53k .55 31 .38 46* 49%  —.02 14 - -
11 Maternal 12-month NTW .01 32 25 A1 .38 25 .19 .03 .04 13 -
HRA
1 Infant 18-month Language Score — - - - - - - - - - _
2 Infant Total Gesture Tokens 37 - - - - - - — — _ _
3 Infant Total Gesture Types 34* O7F* - - - - - - - -
4 Infant MC Gesture Tokens 28f TR JJ0*E - — - - - - — — _
5 Infant MC Gesture Types 23 10%* J12%*® 98*F*  — - - - - - -
6 Infant CSBS Gesture Tokens A43% .88** 86%* .69%* 0k — - - - - -
7  Infant CSBS Gesture Types 337 87F* 88** T1E*E 12%% 97F%  — - - - -
8  Maternal Gesture Tokens 38% 34% 287 317 36% 25 25 - - - -
9  Maternal Gesture Types 307 34+ 35% 37% Al 327 337 ggwr - -
10 Maternal 12-month NDW 13 —.05 —.01 .09 12 .04 .05 .19 307 - -
11 Maternal 12-month NTW .08 —-.02 .03 .07 A1 —.00 .02 17 .26 .89#*
ASD
1 Infant 18-month Language Score — - - - - - - - - _ -
2 Infant Total Gesture Tokens B4x* - — - - - _ _ _ _
3 Infant Total Gesture Types L83k 99%Ek - — - - - - - - - _
4 Infant MC Gesture Tokens B1F* 9T7H* O7*% - — - - - - — _ _
5  Infant MC Gesture Types 16%* 94 O5%k - 99Fx - — - - - - - -
6 Infant CSBS Gesture Tokens .80%** 90%* 89k 76* 70* - - - - - -
7  Infant CSBS Gesture Types 83%* 95k 95k 85%* .80#* 98**k - - - -
8  Maternal Gesture Tokens 29 607 617 53 54 607 58 - - - -
9 Maternal Gesture Types .26 .57 .58 49 51 .57 55 99#*k - -
10 Maternal 12-month NDW 25 42 42 38 40 42 37 .64 67 - -
11 Maternal 12-month NTW 44 54 .54 .50 48 .60 53 82% .82% 90*% -

i p <.10; * p < .05; ** p < .01, all two-tailed

other two groups. We also found significant group differ-
ences for the maternal gesture measures, with mothers of
non-diagnosed high risk infants producing more gestures
overall and expressing more meanings via gesture than
mothers of low risk infants. For low risk and non-diag-
nosed HRA infants, these maternal gestures were associ-
ated with infant language even after controlling for child
gesture use.

There were also several surprising findings. Most nota-
bly, we did not find a relationship between maternal and
infant language in any of the three groups. It is important to

@ Springer

note that the majority of parents in both groups have rel-
atively high educational backgrounds and fall within the
highest two income brackets, probably related to the time
commitment required for participation in the larger longi-
tudinal project. This narrower SES range may be masking
some of the effects of maternal language on infant lan-
guage by focusing only on infants who are receiving rel-
atively high levels of parental verbal input.

Second, maternal gesture production was correlated with
infant gesture production for the HRA and ASD, but not
LRC dyads, and these associations were observed in both
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the naturalistic (MC) and semi-structured (CSBS) contexts.
There are several possible explanations for these findings.
The first is that gesture production is just starting to emerge
during this age, and we may not have accurately captured
LRC infants’ developing gestural abilities as well as those
who have focused on slightly older ages for longer obser-
vational periods (Iverson et al. 1999; Rowe et al. 2008).
While Liszkowski et al. (2012) have recently reported a
relationship between rates of maternal and infant pointing
between 10 and 14 months, pointing production was scored
while parents and infants looked at a complex display but
were not permitted to manipulate the objects; thus these
findings are not easily compared to the interactive context
utilized here. The significance of the broad association
between maternal and infant gesture rates is not entirely
clear, although it may reflect an increased sensitivity of
HRA mothers to the developmental level of their infants, a
point we will return to later.

The similar rates of gesture production by the low risk
and non-diagnosed groups of infants at 12-months of age
are not inconsistent with previous findings, which have not
generally documented such delays until 18 months of age
or later (Mitchell et al. 2006, Gamliel et al. 2009). The
different findings may also reflect differences in the types
of gestures we focus on here. In particular, the gesture
delays reported by Mitchell et al. (2006) were in the “Late
Gestures” domain of the MacArthur-Bates Communicative
Development Inventory (CDI) which includes the catego-
ries “Actions With Objects”, “Pretending to be a Parent”,
and “Imitating Other Adult Actions” as well as functional
play behaviors such as sweeping with a broom or feeding a
doll or stuffed animal. These later ‘gestures’ are qualita-
tively different from the types of communicative gestures
coded here, which include many of the gestures types
scored in the “Early Gestures” domain of the CDI, such as
pointing and waving hi or bye. These “Early Gestures”
were selected specifically for the current study because
they have been identified as particularly strong predictors
of concurrent and subsequent language ability in both
typically developing toddlers and those with ASD (Luyster
et al. 2008; Smith et al. 2007; Rowe et al. 2008).

However, we do replicate the existing literature in
documenting delays in gesture production at 12 months of
age in infants who later meet criteria for ASD (Mitchell
et al. 2006; Osterling and Dawson 1994). Our results also
expand on previous work documenting that even in the
presence of early delays in the gestures of infants with
ASD, gesture production at 12 months is correlated with
language scores 6 months later.

The results of the maternal gesture analyses are less
clear, particularly for the ASD group. While is it poten-
tially interesting that the correlations between maternal
gesture and 18-month Language are not significant, the

magnitude of the correlations themselves is quite similar,
and we simply do not have the necessary power to deter-
mine whether these are meaningful group differences
(Cohen 1992). Additionally, there are a small number of
infants in the ASD group (3) for whom 36-month outcome
data is not available, and it is possible that these infants
would not be categorized as ASD at 36 months of age,
further reducing the number of infants in this group.
Nonetheless, the ASD group considered here represent
infants who are demonstrating early difficulties in social
communication, and are the very subgroup who would be
the target of early screening and intervention practices. The
association between maternal gestures and infants’ own
gesture production in both high risk groups points to a
potential avenue for intervention. However, it is important
to note that the analyses presented here do not allow us to
adequately determine whether maternal gestures promote
infant gesture and language production, or more simply
reflects mothers’ sensitivity to infants” own abilities. While
further work is needed to fully understand the implications
of increased rates of gesture production by mothers of non-
diagnosed high risk infants, the results obtained here do
provide initial evidence that maternal gesture production
may be influenced by both global factors such as risk sta-
tus, and by the social-communicative abilities of individual
infants.

The fact that mothers of high risk non-diagnosed infants
produce significantly more gestures than mothers of low
risk infants—despite the two groups of infants producing
gestures with equal frequency—suggests that early parental
vigilance and risk status do exert some influence on
parental behavior during early dyadic interactions. While
an alternative explanation might be that HRA mothers are
providing additional communicative support to infants who
are demonstrating subtle communication difficulties such
as the response to joint attention difficulties described by
Presmanes et al. (2007), this interpretation is not supported
by the similar rates of gesture production and language
ability of the HRA and LRC infants. The analyses pre-
sented here demonstrate that although they gesture more
frequently, mothers of HRA infants do not display a rela-
tive increase in deictic gestures, as has been reported in
other clinical populations (Iverson et al. 2006). Thus, this
global increase in gesture production by mothers of non-
diagnosed high risk infants may be a manifestation of more
global effects of risk status, rather than a specific response
to infants’ impaired communicative abilities. Although
group differences in infant gesture were not significant in
either of the individual contexts, they were more pro-
nounced in the semi-structured interaction. While this is
perhaps unsurprising, given that the task is designed to
prompt infants for these types of communicative behaviors,
the observed increases in maternal gesture rates by the
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HRA group may in fact reflect mothers’ use of these
prompting strategies during naturalistic interactions.

The significance of the gesture production rates
observed in mothers of infants with ASD, which do not
differ significantly from either the LRC or HRA mothers, is
not entirely clear and may simply reflect the limited sta-
tistical power afforded by the small number of ASD dyads.
If the group differences in maternal gesture production
rates do truly differ, this may reflect a specific impact of
ASD on early mother—child interactions, with decreased
rates of infant gesture production resulting in decreased
rates of reciprocal social interactions, including maternal
gestures.

While more work is needed to fully understand these
factors, the data presented here take an important first step
in understanding how early parent—child interactions may
be altered by risk status and symptom emergence, and how
these factors influence the early language development of
infants at risk for autism.
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