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Abstract

Social-communication differences are a robust and defining feature of autism spectrum disorder 

(ASD) but identifying early points of divergence in infancy has been a challenge. The current 

study examines social communication in 9–12-month-old infants who develop ASD (N=30; 

23% female; 70% white) compared to typically developing (TD) infants (N=94, 38% female; 

88% white). Results demonstrate that infants later diagnosed with ASD were already exhibiting 

fewer social-communication skills using eye gaze, facial expression, gestures, and sounds at 

9 months (ES: 0.42–0.89). Moreover, three unique patterns of change across distinct social-

communication skills were observed within the ASD group. This study documents that observable 

social-communication differences for infants with ASD are unfolding by 9 months, pointing to a 

critical window for targeted intervention.

Introduction

Social communication and interaction impairments comprise a core feature of autism 

spectrum disorder (ASD) in the second year of life and beyond, but these deficits are 

difficult to identify in the prelinguistic period – prior to the emergence of a rich and robust 

social-communicative repertoire. Stable diagnoses of ASD are achievable as early as 14 

months of age (Pierce et al., 2019), yet readily observable behavioral features associated 

with ASD in the first year of life remain elusive (Szatmari et al., 2016). In response, this 
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study examines the emergence of early social, communication, and play skills in infants at 

9 and 12 months of age who are later diagnosed with ASD compared to infants who are 

typically developing (TD).

The foundation for social communication development begins to form at birth, when 

newborns prefer to orient to the faces over non-faces and caregivers over strangers (Field, 

Cohen, Garcia, & Greenberg, 1984; Johnson, Dziurawiec, Ellis, & Morton, 1991; Shultz, 

Klin, & Jones, 2018). Social smiling emerges between 6–8 weeks and reciprocal social 

babbling is observed by 6 months of age. At 9 months, increasingly refined motoric 

control affords new opportunities for interaction and communication, for instance giving 

and showing objects. Between 9–12 months of age, prelinguistic skills emerge and 

communication broadens in both means and function. Infants begin to use facial expression, 

eye gaze, gestures, and vocalizations to request, share attention, and interact (Wetherby, 

Allen, Cleary, Kublin, & Goldstein, 2002; Wetherby & Prizant, 1993). Such prelinguistic 

skills set the stage for the burst of language development to come in the months ahead 

(Brady, Marquis, Fleming, & McLean, 2004; Watt, Wetherby, & Shumway, 2006). This 

period marks a critical time in typical development as children make the transition to 

symbolic communication. The emergence of representational gestures that stand alone as 

symbols without the presence of a referent signals the onset of this transition (Bates, 

Benigni, Bretherton, Camaioni, & Volterra, 1979; Bates, Bretherton, & Snyder, 1988). 

Not surprisingly, many 2–3-year-olds with social-communication challenges, such as ASD, 

carry a limited repertoire of prelinguistic skills (Delehanty, Stronach, Guthrie, Slate, & 

Wetherby, 2018; Dow, Guthrie, Stronach, & Wetherby, 2017; Luyster, Kadlec, Carter, & 

Tager-Flusberg, 2008). Toddlers with ASD exhibit lower rates of communication and fewer 

gestures (Delehanty et al., 2018; Shumway & Wetherby, 2009) as well as fewer instances of 

joint attention, social referencing, and shared positive affect (Bedford et al., 2012; Cornew, 

Dobkins, Akshoomoff, McCleery, & Carver, 2012; Landa, Holman, & Garrett-Mayer, 2007; 

Naber et al., 2008).

Prospective studies of infants who develop ASD have highlighted the importance of 

developmental trajectories in uncovering unique neurodevelopmental and behavioral profiles 

that cannot be identified from examining a single point in time (Klin & Jones, 2015). 

Stable and persistent social and communication challenges for many children with ASD 

manifest by 12–14 months of age (Landa, Gross, Stuart, & Faherty, 2013; Pierce et al., 

2019), but the foundational importance of prelinguistic skills prior to this point suggests 

that communication trajectories for infants with ASD may diverge earlier – possibly as 

early as 9 months. If the developmental pathway to socially directed communication begins 

in the first year of life with robust social attention, vocalizations, and gestures, then one 

would expect the entire developmental course of early social and communication skills to 

be disrupted in ASD, with a divergence occurring well before the toddler period. Disruption 

in early social-communication behaviors for infants with ASD is becoming evident in early 

trajectories of infant behavior using parent-report (Sacrey et al., 2018; Veness, Prior, Eadie, 

Bavin, & Reilly, 2014) and experimental measures (Elsabbagh et al., 2013; Hazlett et 

al., 2017; Jones & Klin, 2013), suggesting that divergent neurodevelopmental processes 

are already underway as early as 2–6 months of age. Structural and functional brain 

differences are present in the first year of life for infants who later develop ASD and 
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are associated with specific developmental outcomes. Predictive brain-behavior relationships 

exist between the white matter connectome and cognitive performance (Girault et al., 2019), 

cortical hyperexpansion and social deficits (Hazlett et al., 2012), and subcortical volume 

and language outcome (Swanson et al., 2017). This evidence suggests a complex interaction 

between brain structure and connectivity, genetic liability, and environment that may set the 

stage for altered experience-dependent trajectories for infants with ASD during a critical 

developmental window when symbolic communication is just emerging.

Very few studies have identified observable differences in emerging social-communication 

skills during naturalistic social interactions for infants younger than 12 months who are 

later diagnosed with ASD. In infants with ASD, attention to caregivers and clinicians is 

significantly diminished at 12 months (Filliter et al., 2015; Wan et al., 2013), but is evidently 

undisrupted prior to this time (Rozga et al., 2011; Schwichtenberg, Kellerman, Young, 

Miller, & Ozonoff, 2019; Young, Merin, Rogers, & Ozonoff, 2009). One exception is a 

recent study by Macari and colleagues (2020) that identified differences in gaze behavior in 

6-month-old infants who were later diagnosed with ASD during a semi-structured play task 

with an examiner. Together, this research suggests that consistent and frequent attention to 

faces in the first year may be necessary for acquisition of social and communication skills, 

but thus far vulnerabilities in infants with ASD have been difficult to detect prior to 12 

months.

The growth in social-communication skills between 6–12 months is tremendous and 

research has yet to determine whether early social-communication vulnerabilities are evident 

via standardized clinical observation prior to the first birthday and how change within this 

time period may differ for infants with ASD. For example, it remains unknown whether 

prelinguistic skills emerge more slowly in ASD compared to typically developing infants, 

whether some skills remain preserved, and whether some early skills simply fail to emerge. 

Examining the performance of infants later diagnosed with ASD on existing, widely used 

clinician-administered measures that are sensitive to changes in early-developing social 

communication skills is a potential pathway for improving early identification. Careful 

analysis of the emergence of social-communication skills, from their developmental onset, 

using clinical behavioral assessment will establish the earliest observable vulnerabilities in 

ASD and define precise intervention targets, motivating further development of very early 

interventions in the first year of life.

Honing in on social communication differences during or even prior to the key 

developmental transition to symbolic communication could pave the way for interventions 

that capitalize on existing infant abilities and parent scaffolding. As children expand their 

repertoires of symbols and use them with increased frequency, caregiver responses that map 

onto the child’s focus of attention become correspondingly more complex. Parental use of 

expansions, recasts, and “translations” of child gesture are language-developing mechanisms 

that also maintain children’s engagement in interaction (Goldin-Meadow, Goodrich, Sauer, 

& Iverson, 2007; Justice, Jiang, & Strasser, 2018). Thus, developmental change can be 

influenced by enriched opportunities provided by communication partners within the child’s 

immediate environment (Tomasello & Farrar, 1986). For children with ASD, a reduced 

rate of communicative acts for the purpose of establishing joint attention provides fewer 
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opportunities for caregivers to respond (Delehanty & Wetherby, 2021). Just as pivotal, a 

limited repertoire or delayed development of pre-symbolic and symbolic communication and 

joint attention may diminish the quality of caregivers’ input (Iverson & Wozniak, 2016). 

These circumstances are not optimal and may even create cascading effects on development 

(Iverson & Wozniak, 2016; Wetherby, Woods, & Lord, 2007). To ascertain whether social-

communication differences are observable at this pivotal juncture in language development 

for infants who are later diagnosed with ASD, this study maps change in foundational 

prelinguistic social, communication, and play skills between 9–12 months of age for infants 

with ASD compared to typically developing peers.

Method

Participants

Participants included 124 infants (35% female, 84% white) who were enrolled in a 

prospective, longitudinal study of social development prior to six months of age and either 

diagnosed with ASD (N=30) or confirmed to be typically developing (N=94) at 24 months. 

Study enrollment occurred between years 2012–2016. Participants were classified as being 

at high or low familial likelihood of developing ASD. High-likelihood participants had 

an older full-biological sibling with ASD that was confirmed through clinical review of a 

diagnostic evaluation report and scores within the ASD range on the Social Responsiveness 

Scale-2 (Constantino, 2012) and the Social Communication Questionnaire (Rutter, Bailey, & 

Lord, 2003). The diagnostic evaluation report was required to be completed within the past 

five years and contain a documented ADOS with scores in the ASD range. If the diagnostic 

evaluation report did not meet these requirements, then the older sibling was brought into 

the clinic for a diagnostic evaluation, including an ADOS. Low-likelihood participants were 

infant siblings with no familial history of ASD in first- or second-degree relatives. Exclusion 

criteria for all participants included fist-born infants, gestational age below 35 weeks, major 

hearing and/or visual impairment, a non-febrile seizure disorder, a known genetic syndrome, 

and significant pre- or perinatal complications.

All participants received a full gold-standard diagnostic evaluation at 24 months. Using a 

clinical best estimate diagnostic procedure (see below), participants were included in the 

current study if they were diagnosed with ASD or confirmed to be typically developing. Due 

to the low number of participants who presented with non-ASD challenges, including global 

developmental delay and language delay (n=8) and subclinical features of ASD (e.g., the 

broader autism phenotype, n=12), these groups were excluded from analyses.

Procedures

Participants were enrolled into the longitudinal study prior to age 6 months and 

were administered a communication assessment using the Communication and Symbolic 
Behavior Scales-Developmental Profile, Behavior Sample (CSBS; Wetherby & Prizant, 

2002) at 9 and 12 months of age, administered by licensed speech-language pathologists 

(SLPs) with expertise in infant development and ASD. In order to provide clinical care and 

continuity for high-likelihood families enrolled in the study, the SLPs who administered 

and scored the CSBS were not masked to participant group (HL vs. LL). A trained and 
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reliable CSBS administrator who was masked to group assignment co-scored a random 

selection of 20% of the CSBS behavior samples, exceeding an overall intraclass correlation 

of 0.89 (Social Composite: 0.836, Speech Composite: 0.897, Symbolic Composite: 0.933), 

indicating high agreement among masked and unmasked raters (Mitchell, 1979; Wetherby 

et al., 2002). All participants were then seen at 24 months for a comprehensive diagnostic 

evaluation to determine a clinical best estimate diagnosis. Psychologists who conducted the 

ADOS were masked to participant group.

Measures

Communication Assessment.—The CSBS is a standardized communication 

assessment for infants and toddlers containing 20 items that make up seven clusters, three 

composites (Social, Speech, and Symbolic), and a Total score. For this study, weighted raw 

scores were used in lieu of standard scores to model meaningful gains and because standard 

scores are not available for infants younger than 12 months.

The Social composite includes the Emotion and Eye Gaze, Communication, and Gestures 

clusters (score ranges 0–18, 0–24, and 0–22, respectively). The Emotion and Eye Gaze 

cluster includes gaze shifts, shared positive affect, and response to joint attention. The 

Communication cluster measures the frequency and purpose of communicative acts across 

activities. The Gestures cluster measures use of conventional and distal gestures. The 

Speech composite includes the Sounds and Words cluster. The Sounds cluster (range: 0–

26) includes inventory and frequency of syllables with consonants. The Words cluster was 

omitted from these analyses due young participant age. The Symbolic composite includes 

the Understanding and Object Use clusters (score ranges 0–33, 0–29 respectively).

Clinical Best Estimate Diagnosis.—At 24 months, a clinical best estimate (CBE) 

diagnosis was determined for all participants (N=124) based on a gold standard ASD 

evaluation consisting of the Mullen, ADOS-2, and Vineland-II. The Mullen (Mullen, 1995) 

is a comprehensive measure of cognitive functioning. The ADOS-2 is a semi-structured 

diagnostic assessment for ASD. The ADOS Calibrated Severity Score (CSS) was calculated 

as a measure of ASD severity (Esler et al., 2015). The CBE was determined by a 

multidisciplinary team (licensed clinical psychologist and speech-language pathologist), 

based on the child’s performance, and using DSM-5 criteria (American Psychiatric 

Association, 2013). A diagnosis of ASD was given if the child met DSM-5 criteria for 

ASD. A judgment of typical development was made if the child did not show symptoms of 

ASD during the evaluation and if developmental scores from the Mullen did not indicate 

language delay (i.e., scores within 1.5 standard deviations of the mean in both Expressive 

and Receptive language domains) or developmental delay (within 1.5 standard deviations of 

the mean in at least four of five domains and no more than 2 standard deviations below the 

mean in any domain). Children who did not exhibit symptoms of ASD, but demonstrated 

non-ASD challenges, including developmental or language delays, were excluded from 

the present study. Participants who exhibited atypical, subthreshold features associated 

with ASD that were lower in frequency and/or intensity than the diagnostic threshold for 

ASD, consistent with the broader autism phenotype (BAP; Ozonoff et al., 2014), were also 

excluded from the present study. A nonverbal developmental quotient (NVDQ) outcome was 
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estimated for each participant as a proxy for cognitive abilities using the Visual Reception 

and Fine Motor scales of the 24-month Mullen, as has been done in previous studies 

(Bradshaw, Gillespie, Klaiman, Klin, & Saulnier, 2019).

Statistical Analyses

Confirmatory analyses were used to test the hypothesis that infants with ASD demonstrate 

attenuated social communication skills starting at 9 months of age compared to TD 

infants. Between-group differences across demographic variables were first examined using 

independent two-sample t-tests and Chi square tests of independence. Linear mixed models 

were then used to evaluate differences between ASD and TD infants on CSBS raw scores 

at 9 and 12 months. A negative binomial regression was used for the Speech composite and 

Sounds cluster due to low variability in scores and a non-normal distribution. Next, general 

linear models were used in exploratory analyses to examine which specific composites and 

clusters showed between-group differences in social-communication change from 9 to 12 

months. A Kruskal-Wallis test was used for the Speech composite due to limited variability 

and a non-normal distribution. Analytic models were run with and without nonverbal 

developmental quotient at outcome (24 months) as a covariate. Results are presented as 

model-based means with accompanying test statistics and p-values. Effect sizes (Cohen’s d) 

are included to aide clinical interpretation. Significance was assessed at the 0.05 level, unless 

otherwise noted, and all tests were two-sided. Analyses were conducted using SAS v. 9.4 

(Cary, NC).

Results

Demographic information is displayed in Table 1. There were significant differences 

between ASD and TD participants in regard to race, maternal education, household income, 

and outcome ADOS and Mullen scores. As expected, participants with ASD had higher 

ADOS and lower Mullen scores. In regard to demographic differences, the ASD group was 

comprised of more racial/ethnic minority participants with lower maternal education and 

household incomes. This difference was driven by whether participants were of high or low 

familial likelihood for ASD. When this variable (high- vs. low-likelihood) was included in 

models of demographic differences (Table 1), the effect of race, maternal education, and 

family income became non-significant, suggesting that the low-likelihood group carried a 

higher socioeconomic status than the high-likelihood group. Demographic covariates (race, 

maternal education, household income) were initially included in primary statistical models. 

Maternal education has been shown to covary significantly with income and race (Harding, 

Morris, & Hughes, 2015) and when income, race, and maternal education were are all 

included as covariates, race and income were not significant. Therefore, maternal education 

was retained in final statistical models as a proxy for SES-related health inequalities 

(Généreux, Auger, Goneau, & Daniel, 2008) and to account for the documented association 

between maternal education and child language (e.g., Justice, Jiang, Bates, & Koury, 2020; 

Letts, Edwards, Sinka, Schaefer, & Gibbons, 2013).

Results from the linear mixed models are presented in Table 2 (see also Supplemental Table 

3). At 9 months, infants later diagnosed with ASD performed significantly lower on: 1) 
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Total score, 2) Social composite and associated Emotion and Eye Gaze, Communication, 

and Gestures clusters, 3) Speech composite and associated Sounds cluster, and 4) Symbolic 

composite. Effect sizes were medium to large with the largest effects observed for the Social 

composite and Total score, followed by the three Social clusters. At 12 months, infants 

with ASD were observed to perform significantly lower than their TD peers on all CSBS 

composites and all but one cluster (Understanding). Effect sizes were larger than those 

observed at 9 months, with the Social composite having the largest effect, followed by 

the Total score. Of the clusters, Communication and Gestures had the largest effect sizes, 

followed by Object Use and Emotion and Eye Gaze. Significant interactions were observed 

for the following models: 1) Total score, 2) Social composite and associated Communication 

and Gestures clusters, and 3) Objects cluster. Controlling for overall cognitive abilities using 

NVDQ (see Supplemental Table 1) resulted in a largely similar pattern of results, with four 

exceptions. The Gestures cluster and Symbolic composite at 9 months and Diagnosis x Age 

interactions for the Social composite and Objects cluster were no longer significant. Overall, 

these results suggest that the diagnostic groups differed in their growth from 9 to 12 months 

and were further probed using generalized linear models.

Generalized linear models show that all infants made significant gains from 9–12 months 

across all CSBS domains, with the exception of the Emotion and Eye Gaze cluster for 

infants with ASD (see Table 3). Comparing change from 9–12 months between ASD and 

TD infants, infants with ASD made significantly fewer gains in: 1) Total score, 2) Social 

composite and associated Communication and Gestures clusters, and 3) Object Use cluster. 

Effect sizes for between-group differences in change from 9–12 months were generally 

small to medium when considering change from 9–12 months (all < 0.60), which is in 

contrast to the large effects observed at each time point. Controlling for NVDQ in these 

models resulted in a similar pattern of results except for the Objects cluster in which the 

ASD and TD groups demonstrated similar change over time (see Supplemental Table 2).

Discussion

Delineation of the earliest observable social-communication vulnerabilities in infants later 

diagnosed with ASD contribute to our understanding of the emergence of a core feature 

of ASD in the first year of life amidst a pivotal transition in communication. This study 

leverages a commonly used, clinician-administered communication assessment, to identify 

unique patterns of communication development between 9 and 12 months of age that are 

characteristic of infants with ASD. At 9 months, infants with ASD were already exhibiting 

significantly fewer social and early speech skills than their TD peers. Despite lower 

performance compared to TD infants, 9-month-olds with ASD did not show a complete 

absence of communication using eye gaze and facial expression at this early age. Infants 

with ASD also had a lower rate of communication and used fewer gestures. Interestingly, 

when controlling for nonverbal cognitive abilities at outcome, the difference in 9-month 

gestures was no longer observed, suggesting that the variability in very early gesture use 

may be more associated with broader developmental abilities. Additional research should 

investigate concurrent associations between early fine motor and cognitive skills on gesture 

development (Estes et al., 2015; LeBarton & Landa, 2019). The variability for the Sounds 

cluster score was quite small across both groups, but the vast majority of infants with 
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ASD were not observed to use any sounds to communicate during the 9-month assessment. 

Effect sizes were large for all significant differences, with the Emotion and Eye Gaze and 

Communication clusters resulting in the largest effects of the six clusters. Infant symbolic 

use of objects did not significantly differ between infants with and without ASD at 9 

months, likely due to the limited number of symbolic play skills expected at this age, 

coupled with the constraints afforded by newly emerging fine motor skills.

By 12 months, infants with ASD differed significantly from TD infants on most social-

communication skills. The largest effect was observed for the Social composite, followed by 

the Communication and Gestures clusters, suggesting that these developmental domains are 

the most salient areas of vulnerability for 12-month-olds with ASD. The Object Use cluster 

significantly differentiated the groups at 12 months, suggesting that delays in symbolic play 

skills may not emerge until after 9 months for infants with ASD. The only cluster that 

was not significantly different at 12 months was Understanding. Infants scored quite low 

on this domain at 9 and 12 months, suggesting that receptive communication, measured 

via identification of objects, body parts, and people, is slower to emerge compared to other 

nonverbal communicative skills and may not be useful in understanding the development of 

ASD during this time period.

Unique Patterns of Social-Communication Development in ASD

Recent research has shown utility in examining unique trajectories of behavior for infants 

with ASD across the first and second years of life as a way of understanding evolving, 

dynamic brain-behavior relationships and revealing developmental cascades (Bradshaw et 

al., 2019, 2020; Jones & Klin, 2013; Wolff, Jacob, & Elison, 2018). Given the varied 

developmental onset of distinct communication skills, we examined specific patterns of 

change across each cluster of social-communication behavior. Infants with ASD made 

significant gains in most areas of social communication, but these gains fell short when 

compared to those made by their TD peers. These findings can be characterized by three 

distinct patterns of change from 9–12 months. On measures of eye gaze, facial expression, 

and sounds, infants with ASD demonstrated skills that were consistently low compared to 

their TD peers. Infants with ASD performed significantly lower at both 9 and 12 months, 

but they made parallel gains during this developmental window. Critically, infants with 

ASD did not exhibit a complete absence of using eye gaze, facial expression, and sounds 

to communicate, but instead these skills were less robust when compared to TD infants. 

In contrast, a pattern of later divergence was observed for symbolic use of objects. Here, 

infants with ASD were comparable to TD infants at 9 months but made significantly fewer 

gains in the following 3 months; by 12 months they were scoring significantly lower. The 

final group of vulnerable behaviors were reduced frequency and function of communication 

and use of gestures and can be characterized as a growing gap for infants with ASD. This 

pattern describes behaviors for which infants with ASD performed lower at 9 and 12 months 

and evidenced significantly less change between the two time points. Thus, infants with 

ASD are not only already lagging in these skills at 9 months, but they are also failing to 

keep subsequent pace with their TD peers, let alone close the gap. This is consistent with 

retrospective studies of infants with ASD showing lower rates of communication and a 

smaller inventory of unique gestures between 9–15 months (Colgan et al., 2006; Watson, 

Bradshaw et al. Page 8

Child Dev. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Crais, Baranek, Dykstra, & Wilson, 2013) and prospective studies showing slower growth in 

gestures, words, and gesture-vocalization coordination within this time window (Parladé & 

Iverson, 2015).

Strengths and Limitations

This prospective, longitudinal study identified observable communication differences in 

9–12-month-old infants later diagnosed with ASD compared to TD infants utilizing a 

direct clinical assessment. In contrast to other studies that use granular, customized 

coding schemes of infant behavior, this study identified differences using a standard 

clinical assessment that can be scored immediately following the evaluation. However, 

several sampling issues limit the generalizability of these findings. We did not include a 

non-ASD developmentally delayed comparison group due to sample size. Analyses that 

controlled for the effect of nonverbal development resulted in minor changes in results and 

mild-to-moderate reductions in effect size. In addition, the TD group combined typically 

developing siblings of children with and without ASD. Infant siblings with any clinical or 

subclinical atypical behaviors were excluded from this group, however it is possible that 

subtle developmental differences may exist even in typically developing siblings of children 

with ASD (Dabrowska & Pisula, 2010). This study used an infant sibling research design 

rather than a community-attained epidemiological sample, raising the possibility of sampling 

biases (Micheletti et al., 2020). There were also socio-demographic differences between 

the diagnostic groups, driven by differences between infants at high familial likelihood and 

low familial likelihood for ASD. While this is, in some ways, an expected trend given 

increased resources for high SES, low-likelihood families to participate in research, this 

finding demonstrates a gap in opportunity and access for some families. This disparity will 

need to be addressed in our future studies to ensure diversity and inclusion in research. 

While all analytic models included maternal education as a covariate, it will be important 

to replicate these findings with a low-likelihood, typically developing group of similar 

demographic makeup to the ASD group.

By design, the clinicians who administered the CSBS were not masked to participant group 

in order to provide families with appropriate clinical care and accurate clinical feedback at 

each study visit. This strategy is not dissimilar from community clinicians who generally 

have access to all family history of their patients. While this issue was addressed by 

reporting inter-rater reliability for a portion of behavior samples that were scored by a 

masked rater, it is important to note this as a potential study limitation. Finally, diagnostic 

ascertainment was performed at 24 rather than 36 months. Research suggests high diagnostic 

stability at 24 months (Chawarska, Klin, Paul, Macari, & Volkmar, 2009; Ozonoff et al., 

2015; Zwaigenbaum et al., 2016), but suggest a 12–13% false negative rate (Ozonoff et 

al., 2015). These results should be replicated with a larger sample of participants that 

includes 36-month outcome data and control groups with non-ASD developmental and 

communication delays.

Conclusions

Findings from this study have broad implications for understanding the developmental 

course of social communication. In the first year of life the presence and magnitude 
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of change in eye gaze, facial expression, gestures, and sounds appears to be critical in 

the typical emergence of social and language skills. Awareness of normative changes 

in the frequency and variety of communicative behavior between 9–12 months can be 

invaluable for the development of early screeners and studies of brain-behavior relationships 

during this developmental window. In particular, this report suggests unique patterns of 

change for social, speech, and symbolic skills that characterize early social communication 

development for infants with ASD. Speech remains the primary first concern for parents 

of children with ASD, but the dramatic gains, or lack thereof, in the frequency and variety 

of gestures and sounds used to request, share, and interact between 9–12 months may go 

unnoticed. Critically, this study points to a small but foundational set of skills for 9-month-

old infants with ASD that may be leveraged in early intervention. Intervention studies for 

infants between 9–12 months are beginning to emerge and this study provides a rationale for 

beginning intervention prior to the first birthday, as infants with ASD exhibit fewer social-

communicative behaviors and make fewer gains during this time. Very early intervention 

that occurs in the midst of the transition to symbolic communication, that capitalizes on 

existing communicative abilities, and that leverages parent scaffolding to increase moments 

of joint engagement and enrich the language environment may help shift developmental 

trajectories for infants with ASD. In particular, targeting skills that remain consistently low 
or show a growing gap could result in a protective effect, boosting resiliency and improving 

developmental outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Participant Demographics

ASD N=30 TD N=94 Test statistic

Familial Likelihood χ2 = 53.8, p < .0001

 High Likelihood 27 (90%) 16 (17%)

 Low Likelihood 3 (10%) 78 (83%)

Age at Visit

 9-Month Visit 9.76 (0.51) 9.80 (0.48) t (118) = 0.42, p = .674

 12-Month Visit 12.33 (0.55) 12.41 (0.61) t (122) = 0.65, p = .516

Gestational Age 39.12 (2.02) 39.27 (2.02) t (118) = 0.47, p =.642

Sex χ2 = 2.2, p = .13

 Male 23 (77%) 58 (62%)

 Female 7 (23%) 36 (38%)

Child’s Race
a p <.05

 White 21 (70%) 83 (88%)

 Black 7 (23%) 4 (4%)

 Asian 0 1 (1%)

 Mixed Race 2 (7%) 6 (6%)

Maternal Education
a p < .0001

 High School 2 (7%) 0

 Some College 9 (30%) 3 (3%)

 College Degree 11 (37%) 35 (37%)

 Graduate Degree 8 (26%) 56 (60%)

Household Income
a,b p < .001

 < $40,000 9 (33%) 3 (3%)

  $40,000 – $80,000 3 (11%) 15 (17%)

  $80,000 – $125,000 8 (30%) 33 (37%)

 > $125,000 7 (26%) 39 (43%)

ADOS Total CSS 
c 6.79 (2.37) 1.67 (1.16) t(120) = −15.74, p < .0001

Mullen Scales of Early Learning T-Scores 
c

 Expressive Language 39.83 (13.06) 57.32 (12.14) t(109) = 6.15, <.0001

 Receptive Language 38.58 (15.17) 57.95 (7.23) t(109) = 8.87, p < .0001

 Visual Reception 50.54 (13.09) 61.10 (10.48) t(109) = 4.13, p < .0001

 Fine Motor 47.33 (10.45) 55.89 (9.65) t(109) = 3.78, p < .001

a
Fisher’s exact

b
N=7 participants declined to state

c
The ADOS and Mullen were administered at 24 months
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