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Abstract

Objectives While diagnostic criteria for autism focus on social communication and behavioral deficits, many autistic children
also demonstrate difficulties with motor skills. The nature of connection between these motor difficulties and other areas
of development remains largely unknown, especially in young children. This preliminary study explored the relationships
between motor skills and social function in autistic toddlers, with consideration to the role of cognitive function.

Methods Nineteen autistic toddlers between the ages of 18 and 42 months participated. Motor, cognitive, and personal-social
skills were assessed using standardized measures.

Results Seventy-nine percent of children demonstrated below average total motor scores (< 1 SD below test mean). Motor
skills in autistic toddlers were positively associated with social skills; however, this relationship may be impacted by cognitive
skills. Visual-motor integration, grasping, and ball skills specifically were also positively associated with social function.
Conclusions These preliminary findings suggest the relevance of motor skill development in social functioning among young
autistic children and help to inform future research examining interactions across developmental domains in this population.
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Diagnostic features of autism include impairments in social
communication and interaction and atypical patterns of
repetitive or restrictive behaviors; however, many autistic
individuals also demonstrate motor impairments such as
decreased postural control and coordination (Bhat et al.,
2011). As many as 87% of autistic children demonstrate
fine and gross motor delays (Bhat, 2020). Autistic children
have greater difficulty maintaining body position when
perturbed and sway more in different stance positions than
typically developing peers (Lim et al., 2017). Learning new
movements is often slower and more variable than typically
developing peers (Isenhower et al., 2012; Kaur et al., 2018).
When walking, autistic individuals compensate for the dif-
ficulties in the movement system by using a wider base of
support and modified range of motion in order to maintain
upright control (Kindregan et al., 2015). Approximately 31%
of autistic individuals also have intellectual disability, which
may explain, in part, the presence of motor difficulties in
this population given the known connection between these
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areas of functioning (Maenner et al., 2020). While presence
of cognitive delay or impairment may impact motor devel-
opment, studies that have controlled for cognition in older
autistic children have found that these movement differences
persist and cannot be explained by neurocognitive deficits
alone (Kaur et al., 2018; Ramos-Sanchez et al., 2022).
Motor skills are an important component of overall
development. During early childhood, movement expe-
riences provide opportunities for interactions with the
environment and may facilitate many facets of early child-
hood developmental skills (Campos et al., 2000; Hollo-
way & Long, 2019). Due to the interrelatedness of each
area of developmental skills, children naturally engage in
holistic learning whereby one domain influences and is
influenced by development in other domains (Shonkoff
& Phillips, 2000). Given that social skills are one of the
developmental domains most closely aligned with the
core features of autism, the current study included a focus
on motor and social functioning. Previous studies have
demonstrated links between these areas of development,
indicating that autistic children who have lower motor
scores also have lower scores in social function and par-
ticipation in social interaction activities (Holloway et al.,
2018, 2021; Mody et al., 2017; Pusponegoro et al., 2016).
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In autistic children 5-15 years of age, the relative risk
of motor impairment is greater with increasing risk of
deficits in social communication, cognitive, or overall
functional abilities (Bhat, 2021). Specific components of
movement, such as motor coordination, have also been
linked to socio-adaptive function in school-aged autis-
tic children (Kostrubiec et al., 2018). While studies have
indicated there is an association between developmen-
tal domains across all ages, little empirical examination
exists specifically for very young autistic children.

Early identification and intervention are important
for optimal outcomes for autistic children (Sanchack &
Thomas, 2016). Understanding the relationship between
motor development and social function in very young
autistic children is important in order to tailor interven-
tion and optimize learning opportunities at this criti-
cal time in development; however, there is a paucity of
research investigating these relationships in autistic tod-
dlers. Pusponegoro et al. (2016) reported significantly
lower motor scores at 1-2 years and 3 years of age for
children in the autism group compared to those who were
typically developing; however, they only reported rela-
tionships between motor and social skills for the study
group as a whole (18 months—6 years) rather than by age.
MacDonald et al. (2014) found significant relationships
between motor skills and autism severity in toddlers, but
the specific link between motor and social skills was not
explored. Findings from a systematic review of 21 studies
investigating the relationship between gross motor and
social skills indicate these areas are related; however,
only two studies included in the review focused on autis-
tic children under the age of 4 (Wang et al., 2022). The
authors also noted the studies with younger children were
often retrospective in nature and recommended prospec-
tive designs for future research. Given the importance
of early diagnosis and intervention for autistic children,
continued exploration of this relationship in toddlers is
essential to understand how this relationship changes over
time.

The purpose of this study was to prospectively examine
the relationship between motor skills and social interac-
tion in autistic toddlers, independently and with respect to
cognitive function. The study also aimed to determine the
frequency of motor delay in autistic toddlers and identify
specific components of motor skills that were related to
social function in this population. We hypothesized that
gross and fine motor skills in the sample would be delayed
compared to typically developing peers, with a positive
correlation between motor and social function. We also
hypothesized that specific components of motor skills such
as balance and ball handling abilities would be positively
associated with social function in autistic toddlers, based
on previous work with preschoolers.
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Methods
Participants

Autistic children aged 18—42 months were recruited from
local clinics, early intervention service providers, and organ-
izations in the southeastern United States that serve this pop-
ulation. Children were included if they met the following cri-
teria: (1) previously diagnosed with autism by an appropriate
licensed healthcare professional, (2) 18—42 months of age,
(3) able to follow administrative guidelines for each devel-
opmental assessment, and (4) without uncorrected vision or
hearing impairments. Diagnosis of autism was confirmed by
report from the physician or psychologist who gave the diag-
nosis. Ability to follow administrative guidelines for each
developmental assessment included responses to test item
administration using visual demonstration, hand over hand
assistance, and/or verbal directions and was determined by a
question at initial screening regarding participation in previ-
ous developmental testing. Children were excluded from the
study if they had a co-morbid diagnosis known to impact
motor ability, such as spina bifida or cerebral palsy. After
an extended period of 26 months of ongoing recruitment
that was also impacted by the COVID-19 pandemic, a final
sample size of 19 was reached for subsequent data analyses.

Nineteen autistic toddlers and their primary parent or
caregiver participated in this study. Participant charac-
teristics are summarized in Table 1. The age of partici-
pants ranged from 21 to 41 months (M =33 months and
SD=5.4). Diagnosis of autism was confirmed by physician
report. The most common services received were speech

Table 1 Participant demographics

Number (%), N=19

Race
White 11(57.9%)
African American 3 (15.8%)
Asian 1(5.3%
Other/more than 1 race 4 (21.1%)
Ethnicity
Hispanic 6 (31.6%)
Non-Hispanic 13 (68.4%
Gender
Male 14 (73.7%)
Female 5(26.3%)
ASD severity level
Level 1 3(15.8%)
Level 2 5(26.3%)
Level 3 2 (10.5%)
Not reported 9 (47.4%)
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therapy (31.82%), occupational therapy (22.37%), develop-
mental specialist (18.18%), and applied behavior analysis
(18.18%). One participant was receiving physical therapy
services at the time of the study visit and an additional 2
participants reported receiving physical therapy in the past.
Three children (15.79%) attended a private childcare setting,
two (10.53%) attended a special education preschool class
through the public schools, two (10.53%) attended a private
ABA-based classroom, and the other twelve (63.16%) were
home with a parent during the day.

Most participants obtained developmental scores in the
significantly delayed range. Cognitive quotients ranged from
57 to 109 (M=73.6 and SD=13.4). Only 4/19 (21%) chil-
dren scored in the average range between 85 and 115. BDI-2
Personal Social Quotients ranged from 58 to 90 (M =68.4
and SD=8.7). Only 1 (5%) child in the sample scored in the
average range between 85 and 115.

Procedures

All assessments were completed during a single 2-h visit to
the testing site at a university-based research lab by the par-
ticipant and his or her caregiver. The Peabody Developmental
Motor Scales 2™ edition (PDMS-2) and Battelle Develop-
mental Inventory 2% edition (BDI-2) Cognitive subtest were
administered by the same physical therapist with formal train-
ing in both measures and over 15 years of pediatric clinical
experience. The parent/caregiver accompanying the child to
the visit filled out a demographics form and participated in
the interview for the personal—social subtest of the BDI-2. A
school psychologist and doctoral students in school psychol-
ogy with training in the assessments also assisted with admin-
istration as needed. Children were given breaks as needed
through the study visit. Parental consent was obtained prior to
beginning the study. Written assent was waived due to the age
of participants; however, agreement to participate in research
tasks was obtained through verbal response from the child or
observation of behavioral response. Families were compen-
sated $50 as an incentive to participate.

Measures
Motor Skills

The PDMS-2 was used to measure fine and gross motor
ability (Folio & Fewell, 2000). The gross motor sub-
scales include measures of stationary, locomotion, and
object manipulation (ball) skills. The fine motor sub-
scales include measures of visual-motor integration and
grasping skills. Administration of the PDMS-2 takes
45-60 min. The PDMS-2 is a valid measure of motor
skill function in children from birth to 6 years of age and
is widely used by physical and occupational therapists

to measure fine and gross motor ability. While it has not
been specifically validated in autistic children and tod-
dlers, it has been used successfully in prior research with
this population (Bremer et al., 2015; Holloway et al.,
2018, 2019; Provost et al., 2007a, 2007b; Provost et al.,
2007a, 2007b). Scoring of the PDMS-2 generates a raw
score for each subtest (fine, gross, and total motor quo-
tients) and individual subtest scaled scores.

Cognitive and Social Skills

The BDI-2 was used to measure cognitive and social
development (Newborg, 2016). The BDI-2 is a standard-
ized assessment tool that examines a child’s develop-
ment in adaptive, cognitive, language, motor, and per-
sonal—social areas. The BDI-2 is used with children from
birth to 8 years old. For this study, the BDI-2 cognitive
and personal-social domains were administered to assess
cognitive and social function, respectively. Both of these
domains are comprised of 3 subdomains that span numer-
ous aspects of these skill sets and take 20-30 min each
to administer. The BDI-2 is a valid measure for autistic
children and toddlers and scores on the assessment are
impacted by severity of autism symptoms (Goldin et al.,
2014).

Data Analyses

Participant demographics were summarized using mean
and standard deviation for continuous variables and per-
centages for categorical variables. The Shapiro—Wilk test
was used to determine if the PDMS-2 subtests (station-
ary, locomotion, object manipulation, grasping, and vis-
ual-motor integration) and BDI-2 personal-social quotient
(SOC) were normally distributed. They were not normally
distributed; therefore, Spearman’s correlation coefficients
were used to assess the relationship between PDMS-2 sub-
tests and BDI-2 personal-social quotient (SOC). Correla-
tion coefficients range from 0 indicating no association
to—1 and + 1 indicating a perfect monotonic relationship.

Univariable linear regression models were fitted to
examine the unadjusted association between motor skills,
as measured by total motor quotient (TMQ) and social
function, as measured by SOC. If a significant associa-
tion was found, we subsequently fitted multivariable lin-
ear regression models adjusting for gender and cognitive
skills, separately.

All statistical analyses were performed using IBM SPSS
version 26. Power calculations were performed using PASS
(Power Analysis and Sample Size Software, 2020 version).
Statistical significance was set at 5%.
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Results
Frequency of Motor Delay

Table 2 provides a summary of subtest and overall quotient
scores from the PDMS-2. Subtest scores are presented as
scale scores (M =10 and SD =3). Quotients are presented as
standard scores (M =100 and SD =15). PDMS-2 total motor
quotient (TMQ) scores ranged from 66 to 98 (M =77.7 and
SD =9.3). The data showed that 15/19 children (79%) dem-
onstrated below average total motor scores (<1 SD below
test mean), with 12/19 (63%) indicating a gross motor delay
and 14/19 (74%) indicating a fine motor delay.

Motor and Social Relationships

Table 3 shows Spearman’s correlation coefficients for
PDMS-2 subtests and SOC. A statistically significant asso-
ciation was found between SOC and object manipulation
(r,=0.52, p=0.02), grasping (r,=0.68, p=0.001), and
visual-motor integration (r,=0.69, p=0.001). There was
also a statistically significant relationship between motor
skills (TMQ) and social function (f=0.61, 95% CI (0.26,
0.97), p=0.002). The relationship between social function
and motor skills remained significant when adjusting for

Table 2 Mean performance on Peabody Developmental Motor Scales
(n=19)

gender (§=0.67,95% CI (0.22, 1.12), p=0.006). However,
when adjusting for cognitive skills, the relationship between
social function and motor skills was no longer statistically
significant (f=0.19, 95% CI (- 0.29, 0.68), p=0.415). A
sample size of 19 achieves 71% power to detect a slope of

0.61 under the alternative hypothesis, with a significance
level of 0.05.

Discussion

This preliminary study demonstrated that autistic toddlers
may have a high frequency of fine, gross, and total motor
delay, which is consistent with the growing body of literature
to support a high prevalence of fine and gross motor delay
in this population (Bhat, 2020; Provost et al., 2007a, 2007b;
Provost et al., 2007a, 2007b). Our study also suggests that
higher motor skills may be associated with higher social
function. Specific components of motor skills such as object
manipulation (throwing, catching, and kicking a ball) and
visual-motor integration also showed moderate to strong
relationships with social skills in our sample. These prelimi-
nary findings in autistic toddlers are consistent with similar
research in autistic preschoolers and older autistic children
(Hedgecock et al., 2018; Holloway et al., 2018; Mody et al.,
2017; Pusponegoro et al., 2016). The current study provides
a preliminary contribution to this body of literature by exam-
ining these relationships prospectively, very early in devel-
opment, and among a sample with a relatively recent autism
diagnosis; however, findings should be viewed through a

Mean (SD) Range lens of caution due to the small sample size.
Stationary 7.8 (1.3) 6-10 In our study, we also found that the overall motor—social
Locomotion 6.3 (2.2) 3-11 relationship in toddlers may be impacted by cognitive skills,
Object manipulation 6.8 (2.3) 3-11 which may be explained by the natural tendency for holistic
Gross motor quotient 80.4 (9.4) 66—102 learning and the interdependence between developmental
Grasping 7.4 (1.8) 3-11 domains commonly reported in empirical studies of young
Visual-motor integration 5.5(1.7) 4-11 children’s development (Holloway & Long, 2019; Shonkoff
Fine motor quotient 78.7 (9.4) 61-100 & Phillips, 2000). While these findings are consistent with
Total motor quotient 77.7 (9.3) 66-98 research in toddlers with other intellectual and develop-
mental disabilities (Houwen et al., 2016), previous work on
Table 3 .Spearman’s Stationary Locomotion Object Grasping Visual-motor Personal-social
correlations between PDMS-2 manipulation integration
Motor Subscales and BDI-2
Personal-Social Quotients Stationary 1 0.183 0.290 0401 0419 0323
Locomotion 1 0.353 0.285 0.443 0.167
Object manipulation 1 0.535*%  0.583** 0.523*
Grasping 1 0.684%#%* 0.679%*
Visual-motor integration 1 0.690%**

Personal-social

1

“p<0.05
"p<0.01
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motor and social skills in autistic children has not consist-
ently examined the role of cognitive functioning in the rela-
tionship, especially in toddlers. While cognitive ability may
not fully explain the presence of motor impairment in this
population, relationships between cognitive and motor skills
have been shown in autistic children throughout childhood
(Licari et al., 2020; Ramos-Sanchez et al., 2022).

The method of assessment of the developmental con-
structs in this study provides key information for understand-
ing and interpreting findings. Cognitive skills in toddlers are
comprised of attention and focus abilities (both to verbal and
visual input), comprehension and processing of directions,
and fine motor performance, as well as other factors. Thus,
there is significant overlap across developmental domains
and items that have been standardized to primarily exam-
ine one aspect of development require integration of other
developmental skills. Structured BDI-2 cognitive subtest
items require social awareness, attention to others’ words
and actions, and comprehension of language, in addition to
problem solving skills, for successful completion of tasks.
This may explain the potential impact of cognitive function
to the relationship between motor and social skills in young
autistic children.

Limitations and Future Research

The prospective nature of the study and requirements for a
diagnosis of autism for eligibility contributed to the very
small sample size, which was a limitation. Additionally, the
small sample size made more robust exploration of the role
of cognitive skills in this overall relationship difficult and
results should be interpreted with caution. Likewise, chil-
dren were only eligible to participate if they had been previ-
ously diagnosed with autism. Given the potential for delays
recognizing symptoms and accessing evaluation services
across different cultural and socioeconomic populations, it
is possible the sample reflected only children from more
affluent families with more resources, which limits general-
izability. An additional limitation of the current study is the
possibility of bias. The tests were administered and scored
by the authors of the paper who were aware of the purpose
of the study. To minimize this bias, tests and questionnaires
were not scored until after the study visit was completed.

Despite growing evidence of motor difficulties in autistic
children, the role that motor skill deficits play in this disor-
der remains unknown. Motor delay impacts many autistic
children. A best practice for early intervention with young
children is a simultaneous focus on multiple developmental
domains through routine-based and play-based strategies
(Agazzi et al., 2020); thus, understanding the relationship
between motor difficulties and other areas of development
may help inform future evaluation and intervention recom-
mendations for this population.

Future research should continue to explore relationships
and interactions between developmental domains in autistic
individuals. This information will help researchers and clini-
cians better understand how to support autistic individuals
in their daily lives. We recommend that future studies use
a comprehensive approach by gathering information from
all developmental domains to better understand these inter-
actions. In this study, the relationship between motor and
social skills became insignificant when cognitive was added
as a variable; however, this finding should be interpreted
with caution due to the small sample size. An additional
consideration is the impact of communication. In our study,
we did not assess communication; thus, we do not know how
communication ties into the bigger picture. Future research
with larger sample sizes and comprehensive assessments is
needed to understand these relationships better.

Also, while exploration of these questions is important
in all autistic individuals, the literature is especially lack-
ing in very young autistic children. Future research should
prospectively investigate these relationships at younger
ages; however, researchers should also consider the diffi-
culties in conducting research with children recently diag-
nosed. Recruitment for this study was extremely difficult
and, as a result, our sample size was small. It is possible
that families may not be ready to participate in research after
recently receiving a diagnosis. Thus, findings from this study
are exploratory and should be evaluated further. In future
research with autistic toddlers, we recommend partnering
with evaluation teams to enroll children and complete data
collection during the diagnostic process in order to obtain a
larger sample size. Additional insight may also be gleaned
by examining these developmental relationships in children
identified as showing signs of autism but who may have not
yet had a confirmatory diagnosis. Given that best practice
for pediatric healthcare and early intervention suggest autism
screening at routine intervals in toddlers (i.e., at least 18 and
24 months), this would also provide opportunities for a much
larger potential sample size.

In order to generalize results to the population, future
research should report information regarding the severity
of symptoms of autism using standard language from the
DSM-5. In this study, diagnosis of autism was confirmed by
obtaining a report from the healthcare professional who pro-
vided the diagnosis. Many of the reports did not utilize the
DSM-5 levels of severity, making it difficult to analyze this
variable among the sample. More consistency with specify-
ing levels among the professionals assessing and diagnos-
ing autism is needed to accurately identify severity of the
individual needs and appropriate interventions. By doing
so, this information can also then be obtained more readily
in future studies. However, it is important to note that recent
research has demonstrated changes in autism severity from
early to middle childhood, with as many as 30% of autistic
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3-year-olds having less severe symptoms at age 6 (Waizbard-
Bartov et al., 2021). Thus, relationships between develop-
mental skills and autism severity may best be interpreted at
one time point rather than providing long-term implications.
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