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Abstract

Purpose—The purpose of this study was to examine the relationship between gross motor skills
and social function in young boys with autism spectrum disorder (ASD).

Methods—Twenty-one children with ASD participated in the study. The Peabody Developmental
Motor Scales Second Edition (PDMS-2) and the Miller Function and Participation Scales (M-
FUN) were used to assess gross motor skills. The Social Skills Improvement System Rating Scales
(SSIS) was used to assess social function.

Results—Moderately high correlations were found between overall gross motor and social skills
(r=.644) and between the core stability motor subtest and overall social skills (r= —.672). Specific
motor impairments in Stability, Motor Accuracy, and Object Manipulation scores were predictive
of social function.

Conclusions—This study suggests that motor skills and social function are related in young
boys with autism. Implications for physical therapy intervention are also discussed.

INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impairments in social communication and interaction and atypical patterns of repetitive
behaviors.1 While the most prominent features of ASD relate to impairments in social
communication and interaction, evidence suggests that children with ASD also have a
variety of motor impairments that cannot be explained by neurocognitive deficits alone.?
Motor skill deficits commonly observed in children with ASD include, fine and gross motor
delays; 2 gait abnormalities such as differences in joint angles and ground reaction forces;?
postural instability due to possible difficulties using sensory information;® and coordination
difficulties with motor planning and execution.” Because the etiology and mechanism of
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ASD are not fully understood, the role that motor skill deficits play in this disorder is
unknown.

For children developing typically, contemporary developmental theories emphasize that
development of all areas depends on the interactions between developmental domains. For
example, the embodiment hypothesis of the dynamic systems theory states that
developmental domains do not develop in isolation.8 Rather, developmental change occurs
as a result of interactions with the environment and perceptual motor experiences.8 Thus, a
child’s movement experiences impact the development of skills in other domains such as
cognitive, social, and communication. Evidence to support this idea exists for children who
are typically developing® as well as children with other developmental disabilities such as
cerebral palsy (CP).10 For example, kindergarteners who are typically developing and have
higher motor skills engage in social play more often and show lower frequencies of social
reticence.? In children with CP, the level of gross motor function is predictive of social
function.10

Research exploring the role of motor skills with regard to social skills in children with ASD
has been less clear. Gross motor deficits have been shown to be related to ASD symptom
severity in toddlers!! and adolescents,12 however, others have found no clear relationship
between these areas across 4-12.5 year olds.23 Conflicting findings may be related to study
methods. No clear differences were found in one study that included a larger sample size,
however, many children in the study demonstrated high motor skills due to a ceiling effect of
the tool used to measure gross motor ability.13 Mixed findings regarding the relationship
between gross motor skills and social skills have been reported.14-16 The majority of the
studies reporting minimal or no association between social and motor skills have used
populations with age ranges that spanned from early childhood into adolescence. However,
the relationship between gross motor and social skills in ASD may be more pronounced at
younger ages when motor and social skills are first developing. Pusponegoro et al., 14
reported significantly lower motor scores at 1-2 years and 3 years of age for children with
ASD compared to those who were typically developing, however, they only reported
relationships between motor and social skills for the group as a whole.

The purpose of the current study was to quantify the relationship between gross motor skills
and social abilities in children 4-5 years old with ASD using assessments commonly used
by pediatric therapists. We chose to focus on the preschool age range because children at this
age are beginning to be involved in organized group sports and activities which incorporate
motor skills as well as social skills. We also aimed to examine the utility of using motor
abilities to predict social function and interpersonal participation in this population. We
hypothesized that children with ASD who have greater motor skill ability will demonstrate
higher levels of social function and participation and that motor skill ability can be used to
predict social function and participation. Lastly, because methods of previous studies have
varied, we sought to examine differences in motor abilities by severity of ASD in preschool
children. We hypothesized that preschool children with severe symptoms of ASD will have
significantly lower gross motor skills than children with a mild to moderate degree of
severity.
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Children ages 4-5 years old (48-71 months) with an ASD diagnosis were recruited from
local clinics, schools, and organizations that serve children with ASD. Inclusion criteria for
the study were as follows: 1) previously diagnosed with ASD by an appropriate licensed
healthcare professional, 2) 48-71 months of age, 3) able to participate in motor testing, and
4) no uncorrected vision or hearing impairments. Children were excluded from the study if
they had a co-morbid diagnosis that was known to impact motor abilities, such as Down
syndrome or cerebral palsy.

CARS-2—The Childhood Autism Rating Scales, Second Editior" was used to confirm the
diagnosis of ASD. The CARS-2 is used with children 2 years and older to assist in
identifying individuals with ASD. It consists of a 15-item rating scale of behavior
observations. The CARS-2 also includes a parent questionnaire to help inform scoring on the
scale. The CARS-2 yields a raw score, which is used to determine 1 of 3 symptom severity
categories: minimal to no, mild to moderate, or severe. The CARS-2 has high agreement
with clinical diagnosis made using the DSM-IV-TR and DSM5 criteria.1®

PDMS-2—The gross motor subscales of the Peabody Developmental Motor Scales Second
Edition*® were administered to measure gross motor ability. The gross motor scale is
comprised of 3 subtests: stationary, locomotion, and object manipulation. The stationary test
measures the child’s ability to control his body when not moving such as standing on one
foot or reaching on tiptoes. The locomotion subtest measures the child’s ability to perform
skills that involve moving from one place to another such as walking, running, and jumping.
The object manipulation subtest measures a child’s skills for throwing, catching, and kicking
a ball. Scoring of the PDMS-2 generates a raw score for each subtest, individual subtest
scale scores, and an overall gross motor quotient (GMQ). The PDMS-2 has good reliability
and validity.1? Internal consistency of the PDMS-2 is high, with coefficient alphas ranging
0.71-0.98 on subtests and from 0.93-0.97 for overall gross motor quotients.1® Test-retest
reliability is also high.1® PDMS-2 subtests scores are reported as scaled scores. The overall
gross motor score on the PDMS-2 is reported as a standard score. The PDMS-2 has been
previously used in children with ASD.20.21

M-FUN—The gross motor scale of the Miller Function and Participation Scales?? was also
used to assess gross motor abilities. The M-FUN is a valid and reliable measure of motor
skill function in children from 2 through 7 years of age.?2 Internal consistency coefficient
alphas range from 0.91-0.92 for the gross motor performance scales and test-retest
reliability is 0.77.22 The M-FUN consists of performance scales and participation checklists
for home and school. Scoring of the M-FUN performance scales yields a raw score and a
scaled score. Additionally, scores on each item can be used to determine the neurological
foundations profile of the child. Neurological foundations for M-FUN tasks include motor
accuracy, motor planning, stability, balance and equilibrium, and weight-shifting. The motor
accuracy items measure the child’s ability to perform kicking or jumping activities correctly.
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The motor planning items measure the child’s ability to plan and perform tasks in a smooth,
coordinated manner. The stability items measure the child’s ability to maintain upright
posture while performing tasks such as standing on one foot or kicking a ball. Balance and
equilibrium items measure the child’s ability to maintain a position such as standing on one
foot or hold a ball on a spoon while walking. The weight-shifting items examine the child’s
ability to shift weight to the stance leg while kicking a ball. M-FUN subtests scores are
reported as the number of items in the scale in which the child demonstrated poor
performance and received a “0” or a “1.” Thus, a higher M-FUN subtest score is indicative
of lower performance in that area. The overall gross motor score on the M-FUN is reported
as a scaled score. Concurrent validity of the M-FUN with the PDMS-2 in children with ASD
has been established.?1

SSIS Rating Scales—The Social Skills Improvement System Rating Scales?® was used to
measure each child’s social function. The SSIS is a parent questionnaire that measures social
skills, problem behaviors, and academic competence in children 3-18 years of age. Areas of
social skills measured include communication, cooperation, assertion, responsibility,
empathy, engagement, and self-control. Problem behaviors measured include internalizing
behaviors, externalizing behaviors, hyperactivity, bullying, and autism signs such as
stereotypical movements or difficulty transitioning during daily routines. Scoring of the
SSIS yields raw scores and standard scores for overall social skills and problem behaviors as
well as raw scores for each subtest area. The SSIS is a valid and reliable measure of social
function in children.23 Internal consistency for the SSIS is high, with coefficient alphas
ranging from .78—.97.23 Test-retest reliability is also high.22 The academic competence
portion of the SSIS was not used in this study.

The PDMS-2, M-FUN, SSIS, and CARS-2 assessments were completed on all participants
during a single visit at 1 of 2 testing sites. Motor tests were administered by the same
physical therapist with 12 years of experience in pediatrics. The parent/caregiver
accompanying the child to the appointment filled out a demographics form, the CARS-2
Parent Rating Form, and the SSIS questionnaire. One of 2 occupational therapists with
combined experience of 10 years in pediatrics, and an undergraduate pre-physical therapy
student assisted with administration of the questionnaires and motor assessments as needed.
The order of administration of the PDMS-2 and the M-FUN was randomized for each
participant. The CARS-2 was scored by the first author in collaboration with the OT test
administrators at the end of the visit after ample time for observations of the child’s behavior
and in coordination with the CARS-2 parent form. This study was approved by the
Institutional Review Board at the University. Parental consent was obtained prior to
beginning the study. Written assent was waived due to age of the participants, however, all
children provided verbal assent for all testing tasks.

Data Analysis

Data were analyzed using IBM SPSS version 24. Motor performance was summarized using
means and standard deviations for the entire group. Pearson’s correlation coefficients were
used to describe the relationships between motor skills and social skills for normally
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distributed data. Spearman rank correlations were used for nonparametric data. Criteria for a
“strong” relationship was r > 0.70.24 Simple linear regression was used to create a model to
explain the relationship between highly correlated motor and social variables. All
assumptions of linear regression were met for the models reported. An independent t-test
was used to investigate differences in motor skills on the PDMS-2 by CARS-2 ASD severity
category. For this analysis, data were normally distributed and all assumptions were met.
Motor scores on the M-FUN were not normally distributed in the Severe group, thus a
Mann-Whitney U test was run to determine differences in motor skills on the M-FUN by
CARS-2 ASD severity category.

A convenience sample of 22 children enrolled in the study. Despite recruitment efforts to
include males and females, all but 1 child enrolled in the study were male. Given the higher
prevalence of autism diagnosis in boys,2° we anticipated a greater number of male
participants, however, enrollment of only 1 female was unexpected and unexplained. Data
from the only female in the sample were found to be an outlier. Despite confirmation of
ASD diagnosis, her social score on the SSIS was in the average range. Because she was the
only female in the study, we were unable to determine if this was due to a true gender
difference in presentation of ASD or if it was due to some other reason such as parent bias
on the SSIS. Thus, her data was excluded from all analyses. Participant demographics for
the 21 children in the study in Table 1. Children were between 48-68 months of age (M= 56
months; SD=6.5). The diagnosis of ASD was confirmed by the CARS-2 for all children in
the study with 13 children scoring in the mild to moderate category and 8 children in the
severe category.

Table 2 provides a summary of mean scores obtained from the motor and social assessments
for the group. PDMS-2 GMQ scores ranged from 57-94 (M=74.1, SD=10.0). MFUN gross
motor scaled scores ranged from 1-10 (M=5.0, SD=3.0). The overall social score is reported
as a standard score. SSIS subtests are reported as raw scores. SSIS social scores ranged from
42-113 (M=78.2, SD=15.3).

Motor and Social Relationships

There was a moderate positive correlation between overall PDMS-2 motor quotient and
overall social score (r=.644, p<.01) (Table 3). There was a moderate, positive correlation
between MFUN SS and overall SSIS social score (r=.637, p<.01). There were moderate,
positive correlations between overall motor score and the communication, assertion,
empathy, and engagement subtests. No significant relationships were found between overall
motor and SSIS Problem Behaviors.

Correlation coefficients were also used to describe the relationships between the Motor
subtest scores for both measures and the overall SSIS Social Scores. Table 4 summarizes the
correlations between motor subtests and overall social score. All subtests of the PDMS-2
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had positive, moderate correlations with the overall social score. Motor accuracy and
Stability had moderate, negative correlations with overall social score.

Linear Regression Analyses

Table 5 includes the 4 most predictive linear regression models for SSIS Social Scores and
motor subtest variables. The best model was the M-FUN Stability Score model. M-FUN
Stability Score predicted SSIS Social Score, F(1, 19) = 15.612, p < .001, accounting for
45.1% of the variance in social skills with adjusted R? = 42.2%. The prediction equation
was: SSIS Social Score = 100.99 — 4.47*M-FUN Stability Score. Thus, for every item a
child missed on the Stability subtest of the M-FUN, the child’s social score decreased by
4.47 points. The second best model included the PDMS-2 Object Manipulation score.
PDMS-2 Object Manipulation Score also predicted SSIS Social Score, F(1, 19) = 13.25, p =.
002, accounting for 41.1% of the variation in social skills with adjusted RZ = 38%. The
prediction equation was: SSIS Social Score = 44.71 + 5.13*PDMS-2 Object Manipulation
Score. For every 1-point increase in the object manipulation score, the child’s social score
increased by 5.13 points.

Differences between severity groups

There was a significant difference in overall motor scores between groups, (t(19)=3.57, p=.
002, d=1.69). Children in the mild to moderate had higher motor skills (M=78.9, SD=9.07)
than children in the severe group (M=66.3, SD=5.36). M-FUN overall motor scores for the
Mild to Moderate group (M=6.38, SD=2.60) were significantly higher than motor scores for
the Severe group (M=2.63, SD=2.07), U=13.00, p=.003.

DISCUSSION

Our results are consistent with previous studies showing a relationship between gross motor
skills and social function.141> Pusponegoro et al.,14 found that children with ASD who had
low motor skills also had low socialization skills. Mody et al.,X> found that gross motor
skills were associated with general social interaction, although they were not associated with
quality of social overtures. The measure of social function that we chose to use did not
measure social overtures directly, thus, we cannot make conclusions about this area of social
function. Hirata et al.,16 found moderate, but non-significant correlations between motor
skills and social function in school age children 7-16 years of age with ASD. Our study
focused on a younger, more specific age group of 4- and 5-year-olds when children are still
developing gross motor abilities. This may explain the discrepancies in these results. In
addition, all of the studies we found included males and females. The data from our only
female was an outlier and was not included in our analysis. To our knowledge, the impact of
gender on motor skill development in children with ASD has not been investigated. Recent
studies suggest there may be gender differences in the presentation of ASD in that girls are
able to mask their social challenges better than boys.26 Thus, it is possible that the
relationship between gross motor and social skills is dependent on gender and age.

Findings that specific motor impairments are related to social skills are also consistent with
other literature. In our study, variation in social function was best explained by object

Pedlatr Phys Ther. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Holloway et al.

Page 7

manipulation skills and stability. Poor performance on tasks that require the use of visual
feedback, such as catching a ball, or static balance, such as standing on one foot, have been
shown to differentiate children with ASD from those with attention deficit hyperactivity
disorder.3 In addition, individuals with ASD use visual information differently from those
without ASD,® which may explain poor performance on these skills. Tasks on the object
manipulation subtest of the PDMS-2 and the Stability section of the M-FUN included both
catching a ball and standing on one foot, however, they also incorporated additional items
such as kicking and throwing a ball and standing on one foot with eyes closed. Thus, in
addition to difficulties using visual information, it is possible that poor performance in these
areas can be explained by problems with other motor components such as balance or motor
coordination.

The relationship between gross motor skills and severity of ASD has been explored with
inconsistent findings. Our data are in agreement with studies that have shown that children
with severe autism have lower gross motor abilities.1! Interestingly, some studies have found
that while overall gross motor ability was not related to autism severity, specific motor
impairments such as object control skills2” and postural stability? were related to autism
severity. However, when examining the relationship between combined motor and social
function and autism severity no relationship was found.13 In our study, young male children
with autism symptoms in the mild to moderate range demonstrated significantly higher
average gross motor skills than children with symptoms on the severe range.

This is the first study to examine the relationship of motor impairments to social function in
4- and 5-year-old boys with ASD. We found that object manipulation and stability can be
used to explain or predict social skills. One explanation for these findings may be that when
children have difficulty maintaining stability, they must use many physical and mental
resources to maintain an upright position, leaving fewer mental resources available for social
engagement. Ajzenman et al.,28 demonstrated improvements in postural control and
subsequent improvement in social interaction following a hippotherapy intervention. The
authors reasoned that the improved perceptual motor abilities may have made the children
more able or willing to engage socially.28 Similarly, the ability to throw or kick a ball toward
a target or to catch a ball requires the use of visual feedback as well as understanding and
predicting social responses from others. It is possible that overall ball skills are related to
social function due to their social nature.

The idea that gross motor ability is related to other areas of development has implications
for intervention. It suggests that the benefits of motor interventions may go beyond just
improvements in motor skills. Improving motor skills of children with ASD may improve
social skills and overall participation. The International Classification of Function model of
disability encourages providers to take a holistic view of disability and examine multiple
factors and how they influence the individual’s overall participation.2® Creating holistic
physical therapy plans of care that recognize the interdependence of developmental domains
is key in shifting toward a holistic approach to services and supports. While we cannot say
that poor stability or ball skills cause the social impairments observed in children with
autism, it is possible that interventions that focus on improving these areas may be beneficial
for improving social skills in this population. Previous studies using motor interventions
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such as hippotherapy, aquatic therapy, or basic motor skills approaches have also shown
benefits in socialization.2%:28.30 Although more research is needed, findings from this study
suggest that motor skills for stability and ball skills are related to social skills, which may
indicate potential areas for intervention. Additionally, this research suggests that
professionals from other disciplines should consider including opportunities to develop
motor abilities alongside other developmental skills for children with ASD. Like many
children with developmental disabilities, the complex nature of ASD requires a team
approach in which all team members collaborate to design an appropriate plan. Also, while
this study focused on preschool-aged children, it is also important to consider the impact of
motor skill deficits in younger children with ASD. Motor deficits have been observed in
children with ASD who are younger than 4 years old,* however, research has not examined
the impact of these deficits on other areas.

This study has limitations. The relatively small, homogenous sample limits the
generalizability of our findings. Data from the only female enrolled in our study was an
outlier and was not included in our analyses. Thus, our results are only generalizable to
males and it is unknown how this relationship may differ in females. In addition, the study
was only designed to describe relationships between gross motor and social skills and no
causal inferences can be made. Also, the SSIS is a parent questionnaire and may be subject
to bias. The parents in our study knew the primary purpose of the study was to examine the
relationship between motor skills and social function. It is possible that knowledge of the
purpose of the study could have influenced their responses on the SSIS based on their
perceptions of their child’s motor abilities. Also, the test administrators were not blinded to
the purpose of the study, which could have impacted scoring decisions on the motor
assessments. To minimize the impact of potential bias, measures were not reviewed or
scored until all assessments and questionnaires were complete at the end of the testing
session. Parents and test administrators were not aware of responses on either motor or
social assessments during the administration of the tools. Lastly, we did not measure
intelligence quotient in this study and the role that cognitive ability may have played in our
results is unknown. We excluded children who were unable to understand and follow
directions well enough to participate in the motor testing. Thus, we feel we were able to
accurately measure motor skills in all children included in our sample.

CONCLUSIONS

This study found that gross motor skills and social function are related in young boys with
autism spectrum disorder. Stability and object manipulation skills predicted the most
variance in overall social function. Motor ability also differed by severity of autism
symptoms. Future studies to examine potential social benefits from interventions to improve
stability and object manipulation skills should be explored.
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Figurel.
a. Mean Overall PDM S-2 Gross Motor Quotient by Severity Group. Children in the

mild to moderate ASD category demonstrated higher gross motor skills than children with in
the severe ASD category (p—.002). b. Mean overall MFUN Gross Motor Scale Score by
Severity Group. Children in the mild to moderate ASD category demonstrated higher gross
motor skills than children in the severe ASD category (p=.003).
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Table 1

Participant Demographics

Number (%)
N=21

Race
White
African American
Asian
More than 1 Race
Ethnicity
Non-Hispanic
Gender
Male
ASD Severity
Mild to Moderate

Severe

15(71%)
4 (19%)
1 (5%)

1 (5%)

21 (100%)

21 (100%)
13 (62%)
13 (62)
8 (38%)

ASD; autism spectrum disorder
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Table 2

Mean Performance on Motor and Social Measures

Mean (SD) Range
n=21

Peabody Developmental Motor Scales Second Edition

Stationary 5(1.4) 3-9
Locomotion 6.4 (1.9) 4-11
Object Manipulation 6.5(1.9) 2-10
Gross Motor Quotient 74.1(10.0) 57-94
Miller Function and Participation Scales
Motor Accuracy 4.6 (1.5) 1-6
Motor Planning 75(3.4) 2-13
Stability 5.1(2.3) 0-9
Balance & Equilibrium 5.3(1.7) 1-7
Weight Shifting 1.7 (1.5) 0-5
Gross Motor Scaled Score 5.0 (3.0) 1-10
Social Skills Improvement System Rating Scales
Communication 10.9 (4.5) 1-20
Cooperation 10.0 (2.7) 4-15
Assertion 8.3(4.2) 2-16
Responsibility 6.9 (4.0) 0-13
Empathy 6.4 (4.3) 0-14
Engagement 8.1(4.5) 2-18
Self-Control 8.3(4.3) 1-19

Social Skills Standard Score ~ 78.2 (15.3)  42-113

Note. PDMS-2 subtest means are presented as scale scores. MFUN and SSIS subtests represent raw scores. Maximum possible scores for each
MFUN subtest were as follows: Motor Accuracy=6, Motor Planning=13, Stability=9, Balance and Equilibrium=7, and Weight Shifting=5.
Maximum possible scores for each SSIS subtest varied by age (4/5 years) as follows: Communication=18/21, Cooperation=18/21,
Assertion=21/21, Responsibility=18/21, Empathy=18/18, Engagement=21/21, Self-Control=21/18.
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