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Abstract

Achievement of early motor milestones in infancy affords new opportunities for social interaction
and communication. Research has shown that both motor and social deficits are observed in
infants who later develop autism spectrum disorder (ASD). The current study examined
associations between motor and social-communication skills in 12-month-old infant siblings of
children with ASD who are at heightened risk for developmental delays (N=86) and low-risk,
typically developing infants (N=113). Infants were classified into one of three groups based on
their walking ability: walkers (walks independently), standers (stands independently), or pre-
walkers (does not yet stand or walk independently). Social-communication and cognitive skills
were assessed with two standardized assessments (Communication and Symbolic Behaviors
Scales [CSBS] and Mullen Scales of Early Learning) and compared across the three walking
groups. Results demonstrated that high-risk walkers showed superior social-communication skills,
but commensurate cognitive skills, compared to high-risk pre-walkers. In contrast, social-
communication and cognitive skills were largely comparable for low-risk infants, regardless of
walking status. Findings suggest that for high-risk infants, who are already vulnerable to
developmental delays and ASD, independent walking may facilitate the emergence of social-
communication abilities. Pivotal motor milestones may serve as useful indicators of social-
communication delays and targets for intervention.
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Introduction

Motor Skills

In the first two years of life, infants experience dramatic motoric transitions that support
goal-oriented behavior and significantly alter their interactions with objects and people in
the environment. Before the emergence of motoric control and independent locomotion,
social interactions in the first months of life consist of dyadic, face-to-face play with a
caregiver (Bakeman & Adamson, 1984). The achievement of reaching and grasping between
3-6 months of age facilitates object manipulation and coincides with increased joint
engagement with objects and caregivers, and increased sensitivity to triadic interactions
(Bakeman & Adamson, 1984; Striano & Stahl, 2005). The onset of independent locomation,
i.e. crawling, between 6- to 9-months increases opportunities for interactions with social
features of the environment. Compared to pre-crawlers, infants of the same age who are
given a walker to independently locomote exhibit an increase in pivotal behaviors that are
essential for the emergence of language, including attention to caregivers, triadic interaction,
and social referencing (Campos et al., 2000; Campos, Kermoian, & Zumbahlen, 1992;
Gustafson, 1984).

Independent walking typically emerges near the end of the first year of life and is associated
with a host of changes in perceptual, cognitive, and social development (Adolph & Berger,
2007). Perceptually, locomoting with an upright posture renders a newly effortless field of
view during locomotion, including distal objects and caregiver faces. These changes afford
significant improvement in the quality of parent-infant interactions (Kretch, Franchak, &
Adolph, 2014). The onset of walking also allows infants to seek out and actively engage
caregivers by directing their attention to interesting objects and events (Karasik, Tamis-
LeMonda, & Adolph, 2011), leading to more frequent active bids for social interaction
(Clearfield, 2011; Clearfield, Osborne, & Mullen, 2008). Independent walkers are observed
to communicate more frequently with a caregiver using vocalizations and gestures, such as
showing, giving, and distal pointing, leading to opportunities for rich social exchanges
(Clearfield et al., 2008; Karasik et al., 2011). Mothers of infant walkers are, in-turn, more
likely to respond to these social bids with action directives, providing walkers with a more
enriched language environment than crawlers (Green, Gustafson, & West, 1980; Karasik,
Tamis-Lemonda, & Adolph, 2014). Earlier onset of independent sitting and walking is also
associated with superior expressive and receptive language skills (Libertus & Violi, 2016;
Walle & Campos, 2014).

and Social Communication in Autism Spectrum Disorder

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impairments in social interaction and communication, as well as repetitive behaviors and/or
restricted interests (American Psychiatric Association, 2013). While impairments in fine and
gross motor skills are not considered core symptoms of ASD, they are frequently observed
as associated features (Matson, Mahan, Fodstad, Hess, & Neal, 2010; Provost, Lopez, &
Heimerl, 2007; see Esposito & Pasca, 2013). Some studies suggest that, compared to
typically developing infants, infants who later develop ASD experience delays or
abnormalities in motor development in the first year of life (Flanagan, Landa, Bhat, &
Bauman, 2012; Gernsbacher, Sauer, Geye, Schweigert, & Hill Goldsmith, 2008; Ozonoff et
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al., 2008). Similar to typically developing infants, early motor skills in young children with
ASD are associated with language development (Gernsbacher et al., 2008), in addition to
face processing (Leonard, Bedford, et al., 2014), autism severity (MacDonald, Lord, &
Ulrich, 2014; Matson et al., 2010), and adaptive behavior (MacDonald, Lord, & Ulrich,
2013). The onset of walking has been suggested as an especially important milestone for
predicting rate of language development in children with ASD (Bedford, Pickles, & Lord,
2016).

Differences in early motor and social-communication skills have also been identified in
high-risk (HR) infant siblings of children with ASD. Approximately 20% of high-risk infant
siblings develop ASD and an additional 28% of siblings exhibit social-communication
delays, presumably part of the “broader autism phenotype” (Ozonoff et al., 2014). Motor
delays have been studied less in high-risk infants, but have the potential for broadening our
understanding of the facilitative role of motor skills for social and language development.
Studies that investigated motor development in high-risk infants find lower gross and fine
motor skills in the first year of life (Bhat, Galloway, & Landa, 2012; Leonard, Elsabbagh,
Hill, & the BASIS Team, 2014; Libertus, Sheperd, Ross, & Landa, 2014), including delayed
emergence of sitting and standing postures (Nickel, Thatcher, Keller, Wozniak, & Iverson,
2013). Early motor skills in high-risk infants have also been linked to social-communication
development, including babbling and gesture use (Bhat et al., 2012; LeBarton & lIverson,
2016).

The Current Study

The onset of walking significantly enhances the quality of parent-infant interactions and
brings about more sophisticated social-communication skills, making it an intriguing
potential early intervention target for infants at risk for ASD (Lobo, Harbourne, Dusing, &
McCoy, 2013). Research thus far has not identified delays in walking for high-risk infants,
but it is possible that high-risk infant walkers experience the benefits of typically developing
walking infants and demonstrate enhanced social-communication skills. In other words,
walking may facilitate social-communication skills for high-risk infants who are already at
risk for social-communication deficits. Given the paucity of documented, effective
interventions for infants in the first two years of life (Bradshaw, Steiner, Gengoux, &
Koegel, 2015), an understanding of the interplay between walking and social-
communication may help guide early identification and intervention efforts for ASD in
infancy.

The current study investigates walking and social-communication abilities in 12-month-old
infants at high and low risk for ASD. Few studies to date have examined the link between
walking and social-communication skills for high-risk 12-month-old infants. Further, many
investigations of walking and early social interaction and communication skills have relied
on either parent-report or behavioral coding of naturalistic parent-infant interactions, rather
than standardized assessments. In naturalistic parent-infant interactions, infant walkers may
have more opportunities to initiate social-communicative bids due to their independent
mobility (e.g., bringing an object to a caregiver), while infant pre-walkers may rely more on
parent scaffolding, thus initiating fewer social bids. To assess whether the onset of walking
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enhances social-communication skills, and not just increases social-communication
opportunities, the current study utilizes a standardized assessment designed to elicit social-
communication and symbolic play skills from infants while they are in a seated position
(Communication and Symbolic Behavior Scales [CSBS], Wetherby & Prizant, 2002).
Evaluating infants while in the same sitting posture allows all participants equal visual and
motoric access to proximal and distal objects, events, and people, regardless of walking
ability. Additionally, the developmental transition from crawling to walking is typically
mediated by a third motoric milestone: independent standing. In order to comprehensively
examine the impact of this major developmental transition, we compared infants across three
stages of motor development: pre-walkers (i.e., infants who are not yet standing or walking
independently), standers (i.e., infants who are standing independently), and walkers (i.e.,
infants who are walking independently).

Our first aim in this study was to compare walking ability for 12-month-old infants at high
risk and low risk for ASD. Because the majority of high-risk infant siblings exhibit typical
development (Messinger et al., 2013), and there is currently no empirical data in the
literature documenting delayed walking onset for high-risk infants as a group, we
hypothesized that there would be no difference in walking ability (i.e., the proportion of pre-
walkers, standers, and walkers) between the high-risk and low-risk groups. Second, we
aimed to identify differences in social-communication and symbolic play skills across
walking groups between high-risk and low-risk infants. We evaluated this aim in two ways.
First, we compared scores on the CSBS across walking groups between high-risk and low-
risk infants. Second, we compared the proportion of infants who scored in the concern range
on the CSBS, which is a clinically significant predictor of a potential language disorder
(Wetherby & Prizant, 2002), across walking groups between high-risk and low-risk infants.
We expected that in both risk groups, walkers would exhibit superior social-communication
and symbolic play skills, demonstrated by higher scores on the CSBS. In regard to
differences in the proportion of infants scoring in the concern range on the CSBS, we
hypothesized that a lower proportion of high-risk infant walkers, compared to high-risk
standers and high-risk pre-walkers, would score in the concern range. In contrast, we
expected very few low-risk infants to score in the concern range on the CSBS, and so did not
anticipate associations between walking status and the proportion of low-risk infants scoring
in the concern range on this measure. In order to ascertain the extent to which walking
ability was associated with broad development skills, our third aim was to test the
association between walking ability and cognitive and fine motor skills for high-risk and
low-risk infants. We hypothesized that walking would have a unique role in promoting the
development of social-communication skills, but that walking would not necessarily
facilitate the development of broad cognitive or fine motor skills. We therefore expected no
association between walking ability and cognitive and fine motor skills for either group.

Participants included 199 infants seen within one month of their 12-month birthday (M=
12.39 months, SD = 0.38). Infants were considered to be at either high risk (HR; N=86, 60

Infancy. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bradshaw et al.

Procedures

Measures

Page 5

males) or low risk (LR; N=113, 69 males) for ASD. High-risk participants had an older full-
biological sibling with ASD that was confirmed through a diagnostic evaluation report
signed by a licensed clinical or school psychologist or a medical doctor. Diagnoses were
further confirmed by clinical review of the evaluation reports and scores within the ASD
range on the Social Responsiveness Scale (Constantino, 2012) and the Social
Communication Questionnaire (Rutter, Bailey, & Lord, 2003). Low-risk participants had no
familial history of ASD in first- or second-degree relatives. Exclusion criteria for both high-
risk and low-risk infants included gestational age below 35 weeks, major hearing and/or
visual impairment, non-febrile seizure disorders, known genetic syndrome, and significant
pre- or perinatal complications. Families were recruited through local pediatric practices,
hospitals, OB/GYN offices, radio and media ads, and state and local autism organizations.
Written, informed consent was obtained from a parent or guardian of each child before any
assessment or data collection. All procedures involving human subjects in this study were
approved by the Institutional Review Board (IRB) of Emory University School of Medicine.

The data reported here are a subset of a large longitudinal study in which infants were seen
at 12-months for a one day evaluation consisting of the Communication and Symbolic
Behavior Scales (Wetherby & Prizant, 2002) and the Mullen Scales of Early Learning
(Mullen, 1995). All study visits began with the CSBS, which takes approximately 30-
minutes to complete, followed by an approximate 20-30 minute break. The Mullen was then
administered and typically lasted for 20—30 minutes. Infants were seated in a hook-on high
chair attached to a full-sized table with a parent seated next to them for the duration of both
assessments. The Gross Motor domain of the Mullen was administered on the floor.

The CSBS was administered by licensed speech-language pathologists (SLPs) with expertise
in infant development and ASD. All SLPs were trained by an author of the CSBS (A.
Wetherby) to 90% reliability in administration and scoring. Training and reliability
monitoring occurred through bi-weekly meetings for two years that involved review of
videos and discussion of administration and scoring issues. The Mullen was administered by
licensed psychologists with expertise in infant development and ASD, or a doctoral
psychology trainee supervised by a licensed psychologist. Psychologists and trainees were
blind to the risk status of the participant and to the exact aims of the present study.

The Mullen Scales of Early Learning (Mullen) is a standardized developmental measure
designed for children from birth to 68 months. It provides t-scores and age equivalences for
five domains of development: Visual Reception, Gross Motor, Fine Motor, Receptive
Language, and Expressive Language. T-scores have a mean of 50 and standard deviation of
10. Corrected age was used to calculate t-scores for infants younger than 37 weeks. For the
purpose of the present study, infant walking status was assessed using two items from the
Gross Motor domain: Stands Alone and Walks Alone. If an infant scored zero (does not
demonstrate the skill) on both items, the participant was classified as a ‘pre-walker’. If an
infant was given a score of one (demonstrates the skill) for Stands Alone and a zero for
Walks Alone, the participant was categorized as a ‘stander’. Finally, if an infant was given a
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score of one on both Stands Alone and Walks Alone, the participant was classified as a
‘walker’.

The Communication and Symbolic Behavior Scales — Developmental Profile, Behavior
Sample (CSBS) is a standardized early childhood communication play-based assessment for
infants and toddlers. The assessment includes 20 individual items that make up seven
clusters that go into three composite domains (Social, Speech, and Symbolic) and culminate
in a Total score. For the purpose of this study, we include all 20 individual item raw scores,
all seven cluster scores, and the CSBS total score in our analyses. Raw scores generally
reflect the number of activities in which an infant exhibited a particular behavior, with a
minimum of 0 and a maximum of 6, unless otherwise noted below. Cluster scores are
represented in scaled scores (mean of 10, standard deviation of 3) and the Total score is
represented by a standard score (mean of 100, standard deviation of 15). The criterion level
for concern is based on performance on the CSBS of at least 1.25 standard deviations below
the mean on the composite and total scores (Wetherby & Prizant, 2002). That is, a score <6
for composites and clusters (described below) and a CSBS total score <81 is considered a
score below average and in the concern range. Because all infants, including those born < 37
weeks were at least 11-months corrected age and there are no CSBS norms for infants
younger than 12-months of age, we used chronological age to calculate cluster and
composite scores for all infants.

The Social composite includes the Emotion and Eye Gaze, Communication, and Gestures
clusters. The Emotion and Eye Gaze cluster includes 3 items: gaze shifts (alternating eye
gaze between a person and an object and person), shared positive affect (directed large,
joyful smiles), and gaze/point following (i.e., response to joint attention; the child’s response
to two opportunities to follow another person’s gaze and distal point; this item has a
maximum score of 2). The Communication cluster includes 4 items measuring the frequency
and purpose of communicative acts across activities. A communicative act, by definition,
must be a gesture, vocalization, or verbalization that is directed toward another person and
serves a communicative function. The 4 items that make up the Communication cluster
include: communication rate (frequency of communicative acts in each of the six activities;
maximum score of 18), behavior regulation (requesting or protesting), social interaction
(initiating a social routine, greeting, showing off), and joint attention (directing caregiver/
examiner’s attention to something of interest). The Gestures cluster includes 2 items: the
inventory of conventional gestures (e.g., giving, showing, pointing, etc.) and distal gestures
(frequency of distal gestures).

The Speech composite includes the Sounds and Words clusters. The Sounds cluster includes
2 items: syllables with consonants (frequency of using a syllable with a consonant) and
inventory of consonants (variety of consonants). The Words cluster includes 4 items: word’s
(frequency of the use of words directed to the examiner or caregiver for a communicative
purpose), inventory of words (capturing the variety of words), word combinations
(frequency of combining 2 or more words), and /inventory of word combinations (variety of
word combinations).
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The Symbolic composite includes the Understanding and Object Use clusters. The
Understanding cluster includes 1 item: /anguage comprehension (identification of eight
familiar objects, people in the room, and body parts). The Object Use cluster uses a
symbolic play probe to score 4 items: inventory of action schemes (e.g., stirring or pouring;
maximum score of 12), action schemes toward other (e.g., feeding caregiver with a spoon),
sequences in action schemes (using multiple action schemes together), and stacks tower of
blocks.

Statistical Methods

Data analyses were performed using SAS v.9.4 (Cary, NC). Demographics were calculated
by walking status, within high and low risk categories, using means and standard deviations
for continuous variables and frequencies and percentages for categorical variables.
Demographic characteristics were statistically assessed for differences across walking status
groups, within ASD risk categories, using one-factor analysis of variance (ANOVA) for
continuous variables and Chi-square tests of independence or Fisher’s exact tests for
categorical variables. Fisher’s exact tests were used in place of Chi-square tests when
expected frequency counts were low (<5). When significant, post-hoc tests were evaluated,
either Tukey-Kramer or Holm method adjustments were used.

First, a global test of association between walking status (pre-walkers, standers, walkers) and
ASD risk groups (high, low) was calculated via a Chi-square test of independence. Second,
to test for statistical differences in social-communication and play skills across walking
groups (pre-walkers, standers, and walkers), between risk group (high-risk versus low-risk),
two-factor ANOVA was employed with walking group and risk status as the main effects. A
walking group by risk status interaction was further included in each of these regression
models. To control for the effects of physical maturation on variables of interest, especially
walking ability, age was added as an adjusting covariate in each of the ANOVA models.
Significant two-factor interactions were evaluated at a=0.1 significance level, with all
subsequent results considered at a=0.05.

Significant interactions identified in the two-factor ANOVAs were further probed, within
each risk group, using age-adjusted one-factor ANOVA. In all two-factor and one-factor
ANOVA models, walking group variances were modeled separately, to account for factor-
level heterogeneity, and estimated with the Satterthwaite denominator degrees of freedom
method. One-factor ANOVA results are given as means and standard error.

Similar to the aforementioned ANOVA approach, we also compared participants scoring in
the concern range at <6 versus >6 for CSBS composites and clusters, and <81 versus >81 for
the CSBS total score across walking groups, between high-risk and low-risk infants using
age-adjusted logistic regression models. Significant two-factor interactions were evaluated at
a=0.1 significance level. Significant interactions identified in the logistic regression models
were further probed, within each risk group, using Chi-square tests of independence, run
separately for high-risk and low-risk infants.
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Finally, in order to test for an association in cognitive and fine motor skills, with walking
ability and ASD risk categories, both two-factor and one-factor ANOVA models were
considered, but did not produce significant findings.

Demographic characteristics of all participants separated by risk and walking status are
presented in Table 1. Within the high-risk group (N=86), 24 were pre-walkers (28%), 27
were standers (31%), and 35 walkers (41%). Within the low-risk group (N=113), 36 were
pre-walkers (32%), 29 were standers (26%), and 48 were walkers (42%). There were no
significant differences between pre-walkers, standers, and walkers within each of the high
and low-risk groups on any of the following demographic variables: sex, parental education,
gestational age, and race. There was a significant difference in chronological age for the
high-risk group (F2 56=3.36, p = 0.042) and a marginally significant difference in the low-
risk group (F2,68=2.88, p = 0.063). On average, high-risk walkers were approximately six
days older than standers and pre-walkers. As noted in the statistical methods, all analyses
were age-adjusted to account for maturation.

Our first aim was to evaluate walking abilities in infants at high and low risk for ASD. There
were no differences in the proportion of pre-walkers, standers, and walkers between high-
risk and low-risk groups (XZ(Z) =0.86, p = 0.651). Second, we evaluated differences in
social-communication and play skills across walking groups (pre-walkers, standers, and
walkers) between ASD risk status (high-risk versus low-risk). Results of the age-adjusted,
two-factor analysis of variance are presented in Figure 1. Significant walking status by risk
interactions were demonstrated for the following CSBS variables: Communication Rate (p =
0.042), Words (p = 0.015), Object Use cluster (p = 0.048), Gestures cluster (p = 0.010), and
Inventory of Action Schemes (p = 0.040). Additionally, the following variables were
approaching a significant interaction, based on p < 0.1: Behavior Regulation (p=0.068),
Inventory of Gestures (p = 0.093), and Distal Gestures (p = 0.082).

Age-adjusted one-factor ANOVAs for all variables in which the interaction p-value was less
than 0.1 were then run separately for high-risk and low-risk groups to identify significant
differences, based on walking status (see Table 2). Analyses revealed that for high-risk
infants, there were significant differences in the frequency of requesting and protesting
(Behavior Regulation, p = 0.009), use of gestures (Gestures cluster, p = 0.012; Distal
Gestures, p = 0.008), word use (Words, p = 0.006), and symbolic play (Object Use cluster, p
< 0.001; Action Scheme, p = 0.003). Pairwise comparisons show that compared to high-risk
walkers, high-risk pre-walkers exhibited significantly fewer skills in requesting/protesting
and gesture use. Compared to both high-risk walkers and standers, high-risk pre-walkers
exhibited significantly fewer play skills. Finally, both high-risk pre-walkers and standers had
significantly fewer words than high-risk walkers. In contrast, these social-communication
and play skills did not differ significantly for low-risk infants (see Table 2b).

Logistic regression was used to assess whether walking ability affected the number of
infants in the concern range (see Fig. 2). Significant interactions were detected for the
Communication cluster (p = 0.008) and marginally significant interactions were observed for
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the Object Use cluster (p = 0.051) and the Total Score (p = 0.094). Chi-square tests of
independence (see Table 3) revealed that for high-risk infants, a significantly higher
proportion of pre-walkers scored in the concern range for the Communication Cluster (p =
0.011), Object Use cluster (p = 0.004), and the CSBS Total score (p = 0.030). Walking status
was not associated with scores in the concern range for low-risk infants (see Table 3b).

In a final analysis, we compared infant walking status to other areas of development in order
to test whether the associations between walking and social-communication could be
explained by developmental level. Walking status was not associated with Mullen Visual
Reception skills (F2, 139 = 0.29, p = 0.746), a measure of nonverbal cognitive ability, or Fine
Motor skills (F,, 136 = 0.14, p = 0.865) for all infants and when analyzed separately by risk
status.

Discussion

This investigation demonstrates that the achievement of walking is a pivotal milestone
associated with superior verbal and nonverbal social-communication skills for infants at high
risk for ASD. We found that the proportion of walkers was comparable among 12-month-old
high-risk and low-risk infants suggesting that high-risk infants, as a group, did not
experience delayed onset of walking. High-risk infants who were walking used more
gestures, requests, and protests during a standardized social-communication assessment
compared to high-risk pre-walkers. A significantly higher proportion of high-risk walkers
used at least one word during the exam compared to both standers and pre-walkers. Finally,
both high-risk walkers and standers exhibited more sophisticated symbolic play skills than
pre-walkers. In contrast, low-risk infant walkers did not differ on any measures of social-
communication or play skills compared to low-risk standers or pre-walkers.

In order to evaluate the clinical significance of these results, we also examined differences in
the proportion of walkers, standers, and pre-walkers who scored in the concern range on the
CSBS, across risk status. High-risk infants who were not yet standing or walking exhibited
scores in the concern range for the Communication cluster, Object Use cluster, and the
CSBS Total score. In contrast, low-risk infants did not differ on scores in the concern range
based on their walking status. These results confirm that the lower social-communication
scores observed in high-risk infant pre-walkers are clinically significant and suggests that
these infants may be at a higher risk for social-communication delays.

The finding that walking status has little to no impact on low-risk infants’ performance on a
standardized measure of social-communication is somewhat surprising in light of previous
research on typically developing infants (e.g., Clearfield, 2011). Our study differs from prior
research in our measure of social-communication. The CSBS is designed to evaluate
predictors of language for the purpose of screening and identifying children with
communicative and developmental disabilities. It is possible that most low-risk 12-month-
old infants use high-quality communication with such high frequency during a structured
assessment, that this measure does not capture sufficient variability to detect the facilitative
effects of walking. In other words, low-risk infants in this study may have exhibited a
“ceiling” effect on this measure because they were not at-risk for developmental delays. Our
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study did not allow us to evaluate the effect of independent mobility (i.e., crawling) because
all high-risk and low-risk infants were crawling at 12-months of age. We also did not collect
information on the precise onset of walking for infants, and thus cannot determine whether
experience with walking (e.g., 1 day vs. 1 month of walking experience) affected social-
communication abilities. It is possible that such analyses would shed light onto the lack of
differences observed in the low-risk group.

In contrast, for infants who are already vulnerable to social and communication delays,
walking may actually facilitate the development of social-communication. Some have
suggested that independent locomotion, which most often begins with crawling, is the
setting event for a cascade of social-communicative abilities (Campos et al., 2000). It is
possible that this control parameter may manifest differently for high-risk infants and that
either more locomotor experience, or a more sophisticated form of locomotor experience
(i.e., walking), is required for dramatic changes in social-communication.

Few studies have included standing as a third stage amid the transition from crawling to
walking. These results suggest that although standers were not statistically distinguished
from both pre-walkers and walkers in any of our analyses, there remained a stepwise
increase in skills as infants progressed to independent walking. Standing could be further
explored as an intermediary stage in this motoric transition. Additionally, this is the first
study to our knowledge that demonstrates an association between walking and symbolic play
skills. The onset of walking has been associated with significant increases in language
(Walle & Campos, 2014) and the present study demonstrates that for high-risk infants it is
also associated with increases in symbolic play, a predictor of language development.

Symbolic representation is an important prerequisite for the development of communication,
and symbolic play is a strong predictor of language (McCatreh, Warren, & Yoder, 1996;
Lyytinen, Laakso, Poikkeus, & Rita, 1999). Children with language delay and autism
spectrum disorder also experience impaired symbolic play skills. Many studies have
demonstrated that advancements in symbolic play are closely aligned with advancements in
language (e.g., McCune, 1995), raising the possibility of shared underlying mechanisms.
Some have suggested that symbolic representation and language emerge from the capacity
for mental representation (McCune, 1995) and from social interaction with a caregiver and
shared intentionality (Striano et al., 2001; Rokaczy, Tomasello, & Striano, 2005). Imitation
skills, also critical for symbolic play, are similarly tied to mental representation and intention
understanding. Previous research has shown that the onset of walking is associated with
behaviors indicative of shared intentionality, such as initiation of joint attention (Karasik,
Tamis-LeMonda, & Adolph, 2011), and it is possible that this mechanism is related to the
association between symbolic play and walking ability observed here. That is, as walking
leads to increased frequency of triadic social interactions, infants gain more opportunities to
imitate and engage in shared intentionality with a caregiver, allowing for earlier emergence
of symbolic play skills. Additionally, there is some evidence to suggest that visual object
recognition, including recognition of multiple views of an object, is associated with some
types of symbolic play (Smith and Jones, 2011). The expanded perceptual world of an infant
who has started walking may serve to improve the infant’s visual object recognition and thus
symbolic play skills.
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In this study, it remains unknown how walking ability uniquely contributed to the
development of symbolic play, gestures, and language, all of which were significantly more
robust in high-risk infant walkers compared to high-risk standers and/or pre-walkers.
Research suggests that symbolic play precedes the emergence of first words, and so it is
uncertain whether walking supports the development of mental representation and symbolic
play, which in turn facilitate the emergence of language. Or whether walking supports shared
intentionality, which, as stated above, may contribute to the emergence of all three skills:
symbolic play, gestures, and language.

An age-held constant design was used for these analyses, and fine motor and nonverbal
cognitive abilities did not differ across pre-walkers, standers, and walkers for both high-risk
and low-risk infants. Thus, it is unlikely that observed differences in social-communication
abilities were due to chronological age or developmental level.

Study findings would be strengthened with a longitudinal design in which infant social-
communication skills are evaluated in each stage of motoric development. Our high-risk
infant walkers were significantly older than pre-walkers, and a similar, non-significant trend
was observed for the low-risk group. In spite of this limitation, we accounted for the small
difference in age (walkers were approximately six days older than pre-walkers) by using
age-adjusted analyses. Additionally, this study lacks information on the exact age of onset
for independent walking and so we cannot evaluate whether high-risk infants experienced a
mild delay in the onset of walking, nor can we examine if the amount of walking experience
was also associated with social-communication skills. It would be useful to compare a
standardized measure of social-communication to behavioral coding of naturalistic
interactions in order to confirm and replicate previous findings that walking onset is
associated with social-communication for typically developing infants. Although our high-
risk and low-risk groups had comparable demographic characteristics, the majority of our
sample as a whole was restricted to highly educated, White families, limiting the
generalizability of our findings. Our study design included six late preterm infants born
between 35-37 weeks gestation (1 high-risk and 5 low-risk) whose CSBS scores could not
be corrected due to the lack of CSBS norms for 11-month-old infants. This is a very small
proportion of our sample and most of our significant findings were in the CSBS raw scores,
for which gestational age would not be taken into account. Although it is unlikely that
including these late preterm infants had an effect on our overall findings, it is important to
note this as a potential limitation of this study.

Future Directions

Future research should continue to identify how, and at what point in development, motor
milestones are associated with superior social-communication skills. The current study
focused on walking as a pivotal motoric achievement, yet other milestones, including sitting,
reaching, and grasping, may be similarly important in early development. Investigating the
timing of these motoric advancements in a high-risk sample, and the implication of
achievement for other developmental domains, will further our understanding of the
relationship between motor and social development in the context of ASD. In this regard,
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research aimed at identifying the neurological underpinnings of these associations may help
to shed light on the neural mechanisms associated with the emergence of ASD and language
disorders.

Although we did not document that 12-month-old high-risk infants are delayed in walking,
our findings extend previous research that motor abilities in ASD may be associated with
communication abilities (e.g., Bhat et al., 2012). This has implications for consideration of
motor skills in the early identification of language and social disabilities, and for early
intervention strategies. It is important to consider how walking might result in significant
jumps in social-communication skills, regardless of age and overall developmental level. It
could be that walking affords new embodied experiences, including new visual perspective
or more efficient locomotion between objects of interest and caregivers, that make social-
communication increasingly motivating. In which case, early intervention should consider
the infant’s visual and motoric experience of the world and modify accordingly.
Alternatively, it is possible that increased social motivation contributes to walking onset and
so infant walkers are already likely to have more advanced social-communication skills.
Motor development and its impact on reorganization of the infant social and interactive
experience should be considered in light of early identification and intervention efforts for
ASD.

Acknowledgments

This research was supported by grants from the National Institute of Mental Health (Autism Center of Excellence,
MH100029), the Whitehead Foundation, Children’s Healthcare of Atlanta Foundation. We thank Ami Klin for his
comments on initial drafts of this manuscript and Courtney McCracken for consultation regarding statistical
methods. We thank research staff at the Marcus Autism Center who significantly contributed to the completion of
this study. We also thank the participants and their families for their dedication to this research.

The authors would like to thank the participants and their families for their dedication to this research. We thank our
funding mechanisms, including National Institute of Mental Health Autism Center of Excellence (ACE,
MHZ100029), Whitehead Foundation, and Children’s Healthcare of Atlanta Foundation. We thank Ami Klin for his
comments on initial drafts of this manuscript and Courtney McCracken for consultation regarding statistical
methods. We thank research staff who significantly contributed to the completion of this study. Author CS receives
royalties from Pearson Clinical as an author on the Vineland Adaptive Behavior Scales, Third Edition. All other
authors declare that there are no conflicts with regard to the conduct of this research.

References

Adolph KE, Berger SE. Handbook of Child Psychology. Hoboken, NJ, USA: John Wiley & Sons, Inc;
2007. Motor Development.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-5.
American Psychiatric Association; 2013.

Bakeman R, Adamson LB. Coordinating Attention to People and Objects in Mother-Infant and Peer-
Infant Interaction. Child Development. 1984; 55(4):1278.doi: 10.2307/1129997 [PubMed: 6488956]

Bedford R, Pickles A, Lord C. Early gross motor skills predict the subsequent development of
language in children with autism spectrum disorder. Autism Research. 2016; 9(9):993-1001. DOI:
10.1002/aur.1587 [PubMed: 26692550]

Bhat AN, Galloway JC, Landa RJ. Relation between early motor delay and later communication delay
in infants at risk for autism. Infant Behavior and Development. 2012; 35(4):838-846. DOI: 10.1016/
j.infbeh.2012.07.019 [PubMed: 22982285]

Bradshaw J, Steiner AM, Gengoux G, Koegel L. Feasibility and Effectiveness of Very Early
Intervention for Infants At-Risk for Autism Spectrum Disorder: A Systematic Review. Journal of

Infancy. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bradshaw et al.

Page 13

Autism and Developmental Disorders. 2015; 45(3):778-794. DOI: 10.1007/s10803-014-2235-2
[PubMed: 25218848]

Campos JJ, Anderson DI, Barbu-Roth MA, Hubbard EM, Hertenstein MJ, Witherington D. Travel
Broadens the Mind. Infancy. 2000; 1(2):149-219. DOI: 10.1207/S15327078IN0102_1

Campos JJ, Kermoian R, Zumbahlen MR. Socioemotional transformations in the family system
following infant crawling onset. New Directions for Child and Adolescent Development. 1992;
1992(55):25-40. DOI: 10.1002/cd.23219925504

Clearfield MW. Learning to walk changes infants’ social interactions. Infant Behavior and

Development. 2011; 34(1):15-25. DOI: 10.1016/j.infbeh.2010.04.008 [PubMed: 20478619]

Clearfield MW, Osborne CN, Mullen M. Learning by looking: Infants’ social looking behavior across
the transition from crawling to walking. Journal of Experimental Child Psychology. 2008; 100(4):
297-307. DOI: 10.1016/j.jecp.2008.03.005 [PubMed: 18452944]

Constantino JN. Social Responsiveness Scale, Second Edition (SRS-2). Los Angeles: Western
Psychological Services; 2012.

Gernsbacher MA, Sauer EA, Geye HM, Schweigert EK, Hill Goldsmith H. Infant and toddler oral- and
manual-motor skills predict later speech fluency in autism. Journal of Child Psychology and
Psychiatry. 2008; 49(1):43-50. DOI: 10.1111/j.1469-7610.2007.01820.x [PubMed: 17979963]

Green JA, Gustafson GE, West MJ. Effects of Infant Development on Mother-Infant Interactions. Child
Development. 1980; 51(1):199.doi: 10.2307/1129607 [PubMed: 7363734]

Gustafson GE. Effects of the ability to locomote on infants’ social and exploratory behaviors: An
experimental study. Developmental Psychology. 1984; 20(3):397-405. DOI:
10.1037/0012-1649.20.3.397

Karasik LB, Tamis-Lemonda CS, Adolph KE. Crawling and walking infants elicit different verbal
responses from mothers. Developmental Science. 2014; 17(3):388-95. DOI: 10.1111/desc.12129
[PubMed: 24314018]

Karasik LB, Tamis-LeMonda CS, Adolph KE. Transition From Crawling to Walking and Infants’
Actions With Objects and People. Child Development. 2011; 82(4):1199-1209. DOI: 10.1111/j.
1467-8624.2011.01595.x [PubMed: 21545581]

Kretch KS, Franchak JM, Adolph KE. Crawling and Walking Infants See the World Differently. Child
Development. 2014; 85(4):1503-1518. DOI: 10.1111/cdev.12206 [PubMed: 24341362]

LeBarton ES, Iverson JM. Associations between gross motor and communicative development in at-
risk infants. Infant Behavior and Development. 2016; 44:59-67. DOI: 10.1016/j.infbeh.
2016.05.003 [PubMed: 27314943]

Leonard HC, Bedford R, Charman T, Elsabbagh M, Johnson MH, Hill EL, ... Hudry K. Motor
development in children at risk of autism: A follow-up study of infant siblings. Autism. 2014;
18(3):281-291. DOI: 10.1177/1362361312470037 [PubMed: 24101718]

Leonard HC, Elsabbagh M, Hill EL. the BASIS Team. Early and persistent motor difficulties in infants
at-risk of developing autism spectrum disorder: A prospective study. European Journal of
Developmental Psychology. 2014; 11(1):18-35. DOI: 10.1080/17405629.2013.801626

Libertus K, Sheperd KA, Ross SW, Landa RJ. Limited Fine Motor and Grasping Skills in 6-Month-
Old Infants at High Risk for Autism. Child Development. 2014; 85(6) n/a-n/a. doi: 10.1111/cdev.
12262

Libertus K, Violi DA. Sit to Talk: Relation between Motor Skills and Language Development in
Infancy. Frontiers in Psychology. 2016; 7:475.doi: 10.3389/fpsyg.2016.00475 [PubMed:
27065934]

Lobo MA, Harbourne RT, Dusing SC, McCoy SW. Grounding Early Intervention: Physical Therapy
Cannot Just Be About Motor Skills Anymore. Physical Therapy. 2013; 93(1):94-103. DOI:
10.2522/ptj.20120158 [PubMed: 23001524]

MacDonald M, Lord C, Ulrich D. The relationship of motor skills and adaptive behavior skills in
young children with autism spectrum disorders. Research in Autism Spectrum Disorders. 2013;
7(11):1383-1390. DOI: 10.1016/j.rasd.2013.07.020 [PubMed: 25774214]

MacDonald M, Lord C, Ulrich DA. Motor skills and calibrated autism severity in young children with
autism spectrum disorder. Adapted Physical Activity Quarterly: APAQ. 2014; 31(2):95-105. DOI:
10.1123/apaq.2013-0068 [PubMed: 24762385]

Infancy. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bradshaw et al.

Page 14

Matson JL, Mahan S, Fodstad JC, Hess JA, Neal D. Motor skill abilities in toddlers with autistic
disorder, pervasive developmental disorder-not otherwise specified, and atypical development.
Research in Autism Spectrum Disorders. 2010; 4(3):444-449. DOI: 10.1016/j.rasd.2009.10.018

Messinger D, Young GS, Ozonoff S, Dobkins K, Carter A, Zwaigenbaum L, ... Sigman M. Beyond
Autism: A Baby Siblings Research Consortium Study of High-Risk Children at Three Years of
Age. Journal of the American Academy of Child & Adolescent Psychiatry. 2013; 52(3):300—
308el. DOI: 10.1016/j.jaac.2012.12.011 [PubMed: 23452686]

Mullen EM. Mullen Scales of Early Learning. Circle Pines, MN: American Guidance Service. Inc;
1995. AGS Edition

Nickel LR, Thatcher AR, Keller F, Wozniak RH, Iverson JM. Posture Development in Infants at
Heightened versus Low Risk for Autism Spectrum Disorders. Infancy. 2013; 18(5):639-661. DOI:
10.1111/infa.12025 [PubMed: 24027437]

Ozonoff S, Young GS, Belding A, Hill M, Hill A, Hutman T, ... losif A-M. The Broader Autism
Phenotype in Infancy: When Does It Emerge? Journal of the American Academy of Child &
Adolescent Psychiatry. 2014; 53(4):398-407e2. DOI: 10.1016/j.jaac.2013.12.020 [PubMed:
24655649]

Ozonoff S, Young GS, Goldring S, Greiss-Hess L, Herrera AM, Steele J, ... Rogers SJ. Gross Motor
Development, Movement Abnormalities, and Early Identification of Autism. Journal of Autism
and Developmental Disorders. 2008; 38(4):644—656. DOI: 10.1007/s10803-007-0430-0 [PubMed:
17805956]

Provost B, Lopez BR, Heimerl S. A Comparison of Motor Delays in Young Children: Autism
Spectrum Disorder, Developmental Delay, and Developmental Concerns. Journal of Autism and
Developmental Disorders. 2007; 37(2):321-328. DOI: 10.1007/s10803-006-0170-6 [PubMed:
16868847]

Rutter M, Bailey A, Lord C. Social Communication Questionnaire (SCQ). Torrance, CA, CA: Western
Psychological Services; 2003.

Striano T, Stahl D. Sensitivity to triadic attention in early infancy. Developmental Science. 2005; 8(4):
333-343. DOI: 10.1111/j.1467-7687.2005.00421.x [PubMed: 15985067]

Walle EA, Campos JJ. Infant language development is related to the acquisition of walking.
Developmental Psychology. 2014; 50(2):336-348. DOI: 10.1037/a0033238 [PubMed: 23750505]

Wetherby AM, Prizant BM. Communication and symbolic behavior scales: developmental profile. Paul
H Brookes Publishing; 2002.

Infancy. Author manuscript; available in PMC 2019 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Bradshaw et al.

Gestures Cluster Communication Rate Raw Score

Gestures Inventory Raw Score

Object Use Cluster

15
14
13
12

Behavior Regulation Raw Score

Page 15

--@--Low Risk --@--Low Risk
—@— High Risk 2 4 —@— High Risk
F2135=3.25 Fj10=2.74
p =0.042 p =0.068
T T ] 1
Pre-Walkers Standers Walkers Pre-Walkers Standers Walkers
4 -

Distal Gestures Raw Score
N

--@--Low Risk --@--Low Risk
—e— High Risk 14 —e— High Risk
Fa,126=4.79 F;133=2.55
p=0.010 0 p =0.082
Pre-Walkers Standers Walkers Pre-Walkers Standers Walkers
30% -
OLR  x*(2)=8.36
25% { oue P=0015
=) S —
_______________ A
----------------------- o 20%
o
O
wv
3 15% A
©
[
v
--@--Low Risk .-g 10%
—e— High Risk 3
5% A
Fy,133=2.42
=0.093 |
. . £ i 0%
Pre-Walkers Standers Walkers Pre-Walkers Standers Walkers
5 -
g
S 41
o
v
————————— 3
___________________ € 3
o
£
o
S 2
--@--Low Risk 2 --@--Low Risk
< < o
—@— High Risk 24 —@— High Risk
Fa12573.11 < F;13,=3.29
p=0.048 a p =0.040
Pre-Walkers Standers Walkers Pre-Walkers Standers Walkers

Figurel.

Significant two-way interaction plots (ANOVA and logistic) between walking status (pre-
walkers, standers, walkers) and risk category (high risk versus low risk). All analyses were
age-adjusted significance was evaluated at a<0.1. P-values indicate significant interactions

between risk status and walking status.
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Significant two-way interaction plots (logistic) between walking status (pre-walkers,
standers, walkers) and risk category (high versus low), age-adjusted, significant at a<0.1.
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