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Abstract
While there is wide consensus regarding the importance of early intervention, health is rarely considered within priorities. 
Twenty-five children on the autism spectrum (Mage = 4.67, SD = 0.82) participated in a 12-week physical activity intervention. 
Primary objective was to examine impact of a physical activity intervention on physical activity, fitness and motor compe-
tence. Secondary objective was to examine associations between motor behavior and ASD symptoms. Ball skills (p < .001) 
and isometric push-up performance (p = .02) improved. Autism symptoms were associated with motor skills (r > −  .49, 
p < .05). Study outcomes provide new knowledge regarding design, delivery, and measures for early interventions targeting 
health disparities in young children on the autism spectrum.

Keywords Autism · Motor behavior · Health · Intervention

Children on the autism spectrum experience greater health 
disparities when compared to their neurotypical peers 
(Broder-Fingert et al. 2014; Curtin et al. 2005; Healy et al. 
2019; Hill et al. 2015; Levy et al. 2019). In fact, a recently 
published report suggests that children on the autism 

spectrum experience disproportionate rates of overweight 
and obesity beginning as early as 2 years of age (Levy et al. 
2019). This is concerning given the growing prevalence of 
Autism Spectrum Disorder (ASD). It is currently estimated 
that 1 in every 54 children are diagnosed with the disorder 
(Maenner et al. 2020). One of the most broadly disseminated 
messages regarding treatment practices suggests that ser-
vices begin before 3 years of age (National Autism Center, 
2009a, b). While there is wide consensus regarding the 
importance of early intervention, health is rarely considered 
within the targeted priorities. Unfortunately, many children 
on the autism spectrum have qualitatively and quantitatively 
different experiences (Bhat et al. 2011) which can oftentimes 
lead to impairments across several domains of development 
including their motor behavior. Specifically, children on the 
autism spectrum experience significant impairments across 
multiple health domains including the performance of fun-
damental motor skills (FMS; Jasmin et al. 2009; Lloyd et al. 
2013; Provost et al. 2007; Staples and Reid 2010), physi-
cal activity (PA; Gehricke et al. 2020; Gillette et al., 2015; 
MacDonald et al. 2011), and health related physical fitness 
(HRPF; Staples et al. 2020). The presence of impairments 
in any one of these domains can persist, oftentimes creat-
ing negative health consequences throughout development 
including obesity and physical inactivity (Robinson et al. 
2015; Stodden et al. 2008). A greater understanding of 
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health disparities will elucidate the need for targeted inter-
ventions that promote positive trajectories of health.

For the purpose of this study, motor behavior includ-
ing; FMS, PA and HRPF will be reviewed and examined 
in relation to the overall health and well-being in children 
on the autism spectrum. Therefore, an important distinc-
tion in motor behavior terminology will first be described. 
FMS includes both ball (e.g. strike, kick, dribble) and loco-
motor (e.g. skip, hop, run) skills (Ulrich 2018). A requi-
site proficiency in FMS affords children the opportunity to 
participate in PA (Logan et al. 2015). Next, the term PA is 
typically defined as participation in one of five levels (e.g. 
sedentary, light, moderate, moderate to vigorous [MVPA] 
and vigorous). When in relation to health outcomes, the 
most commonly cited reference is MVPA. National recom-
mendations suggest school age youth (aged 6–17 years) 
should participate in a minimum of 60 min of MVPA each 
day, as this is related to positive health outcomes [Physical 
Activity Guidelines (PAG) 2018]. Moreover, preschool aged 
children should be physically active throughout the day as 
a way to promote healthy growth and development (PAG 
2018). Finally, HRPF encompasses cardiorespiratory fitness, 
musculoskeletal fitness, flexibility, and balance (PAG 2018). 
It is an integral component of health to consider given it is 
related to an individual to perform daily tasks and enjoy lei-
sure time pursuits (PAG 2018). Finally, motor behavior will 
be used as an overarching term that includes each component 
of health within reference to early screening or intervention 
targets for children on the autism spectrum.

The rates of overweight and obesity in school aged chil-
dren have steadily increased over the past several decades 
(Ogden et al. 2016). However, even more disparaging is the 
prevalence of unhealthy weight classifications among chil-
dren on the autism spectrum. When examining health indi-
ces, one of the most commonly reported metrics is weight 
classification. Obesity is classified by body mass index 
(BMI) and is calculated as weight in kilograms divided by 
the square of height in meters (kg/m2). Childhood weight 
classifications are determined with BMI-for-age percentiles, 
which examine a child’s BMI score relative to children of 
the same age and sex using the CDC growth charts (2000). 
Children who are overweight have a BMI-for age that is 
greater than or equal to the 85th percentile, and children who 
are obese have a BMI-for-age at or above the 95th percentile. 
Current research suggests children on the autism spectrum 
are more likely to be classified as overweight or obese com-
pared to their neurotypical peers (Healy et al. 2019 (10-17y), 
Hill et al. 2015 (2-17y); Broder-Fingert et al. 2014 (2-20y); 
Zuckerman et al. 2014). More specifically, 2–5-year-old chil-
dren on the autism spectrum are 1.57 times more likely to be 
overweight or obese than neurotypical children of the same 
age (Levy et al. 2019). Further, cross-sectional research 
examining children on the autism spectrum between the 

ages of 2–5 and 6–11 years suggests an increasing preva-
lence of overweight and obesity with increasing age (Curtin 
et al. 2005; Hill et al. 2015). Moreover, the prevalence of 
an unhealthy weight status persists throughout adolescence 
and into early adulthood, with the prevalence of being over-
weight or obese further increasing between the ages of 6–11, 
12–15, and 16–20 years of age (Broder-Fingert et al. 2014). 
Collectively, the disparities in weight classifications emerge 
very early on in development, persist throughout childhood 
(Broder-Fingert et al. 2014) and disproportionately impact 
children on the autism spectrum (Broder-Fingert et al. 2014; 
Healy et al. 2019; Hill et al. 2015; Levy et al. 2019). How-
ever, understanding factors contributing to unhealthy weight 
classification elucidate the need for targeted interventions 
that move beyond core deficits. One plausible explanation 
for health disparities among children on the autism spectrum 
are the clear absence of interventions addressing health out-
comes in this population.

Children on the autism spectrum exhibit pervasive delays 
in motor behavior beginning early on in development (Sta-
ples et al. 2012). In fact, there is retrospective and prospec-
tive research examining differences in the rate and quality 
of motor milestone acquisition within the first year of life 
(Teitelbaum et al. 1998; Flanagan et al. 2012). The gross 
motor delays in toddlers on the autism spectrum emerge as 
young as 1 year of age, and when examined longitudinally 
delays continue to increase between 2 and 3 years of age 
(Lloyd et al. 2013). This slowed rate of development is inter-
esting to consider given the pervasiveness of delays which 
persists throughout early childhood. In one such study, motor 
delay in young children less than 4 years of age including 
a group of children on the autism spectrum, was examined 
with a comprehensive measure of early motor development 
(Provost et al. 2007). Young children had significantly lower 
gross, fine, and total motor quotients compared to peers of 
similar age (Provost et al. 2007). Most concerning was that 
68% of children on the autism spectrum qualified for early 
intervention by 3 years of age based on their motor delay 
alone (Provost et al. 2007). Using the same measure, the 
results of a separate study demonstrate that 3 to 4 year-old 
children on the autism spectrum experience significant 
impairments in both gross and fine motor quotient scores 
(Jasmin et al. 2009). Where 63% of children experienced a 
significant gross motor delay when compared to what would 
be expected for their chronological age (Jasmin et al. 2009). 
When taken together, these findings suggest impairments 
in motor behavior persist beyond infancy and are evident 
throughout preschool age (Provost et al. 2007; Jasmin et al. 
2009). By school age children on the autism spectrum per-
form FMS with similar levels of competence to children 
half their chronological age (Staples and Reid 2010). Col-
lectively, this is concerning given ball and locomotor skills 
are considered the building blocks of future motor behavior 
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participation, including participation in PA (SHAPE Amer-
ica 2014). While the translation of motor milestones to FMS 
delay needs to be explored longitudinally, there is ample 
research evidence that children on the autism spectrum dem-
onstrate pervasive delays in the motor domain.

Because motor skills and PA contribute to positive trajec-
tories of health (Robinson et al. 2015; Stodden et al. 2008), 
they should be an important consideration with the early 
intervention for children on the autism spectrum. National 
recommendations from the Society for Health and Physical 
Education (SHAPE America 2014) suggest preschool aged 
children should be afforded ample opportunity to develop 
proficiency in fundamental movement skills as they serve 
as the basis for future motor skillfulness and participa-
tion in physical activity. As a result, much of the published 
research promoting physical activity early on in develop-
ment focuses on the acquisition of fundamental motor skills 
including locomotor skills (e.g.: run, jump, skip) and ball 
skills (e.g.: kick, strike, throw) (Logan et al. 2012). To date, 
there is limited consensus regarding participation in health 
enhancing PA in children on the autism spectrum. Ketcheson 
et al. (2018) reported that even after controlling for gross 
motor skills, preschool aged children on the autism spec-
trum (aged 4–6) participated in significantly more MVPA 
than their same age neurotypical peers. While these find-
ings are interesting, authors did not explore how the study 
sample accumulated the PA. In other words, the role of ste-
reotypical behaviors on the accumulation of PA may have 
inflated the contribution of health enhancing participation 
in PA. In a separate study, Thomas et al. 2019 examined 
participation in MVPA in a group of children with and with-
out autism spectrum disorder aged 4–7, and discovered no 
between groups differences with regards to participation in 
MVPA. However, authors suggest further exploration into 
the ecological correlates (e.g. familial and environmental) 
and participation in PA (Thomas et al. 2019). The measure-
ment of PA in preschool aged children on the autism spec-
trum remains an area of research that requires further clarity 
regarding the interpretation of objectively measured PA. To 
date, measurement of PA in school aged youth is limited to 
cross-sectional research and parent report. Declining lev-
els of PA from childhood to adolescence has been reported 
(MacDonald et al. 2011). Moreover, when compared to 
neurotypical peers, children on the autism spectrum, aged 
6–11, participate in significantly less daily PA (Gehricke 
et al. 2020). Regardless, participation in a requisite amount 
of MVPA is a known contributor to the promotion of healthy 
trajectories in children, and the promotion of PA participa-
tion early on in development may help to curb the onset of 
health disparities in young children on the autism spectrum.

Next, there remains a scarcity of research examining 
the levels of HRPF in young children on the autism spec-
trum. Although the majority of 7–12 year old children with 

intellectual and developmental disabilities scored below the 
age-specific standards for each fitness task (Winnick and 
Short 2014), they did demonstrate significantly improved 
cardiovascular and musculoskeletal fitness following par-
ticipation in a 10-week PA program (Collins and Staples 
2017). The results of this study demonstrate the feasibility 
of measuring fitness with children on the autism spectrum, 
but the lack of a comparison group limits the application 
and generalization of these results. Compared to neurotypi-
cal children of the same age, 6–9 year old children with 
ASD had significantly lower levels of muscular strength and 
endurance and cardiovascular fitness (Staples et al. 2020). 
Collectively, research examining the aforementioned com-
ponents of health are important to consider given relation-
ships among FMS, PA and HRPF interact and strengthen 
over time, and together are key factors that can influence 
trajectories of health (Stodden et al. 2008; King-Dowling 
et al. 2020).

The benefits of timely interventions beginning early on in 
development are key to achieving optimal outcomes. Despite 
motor behavior being named as 1 of 8 domains to be targeted 
in the early intervention for children on the autism spectrum 
(National Autism Center 2009b), there remains a sparsity of 
published data addressing motor and health behaviors prior 
to school age. Moreover, research examining the effective-
ness of interventions has been limited mostly with regards to 
singular outcome variables with little consideration of cas-
cading effects between developmental domains (Srinivasan 
et al. 2014). In a school-based intervention, children on 
the autism spectrum aged 5–12 years old participated in 3, 
40-min sessions per week for 12 weeks of Sports, Play, and 
Active Recreation for Kids (SPARK) as part of their physical 
education curriculum. Following 24 h of instruction children 
on the autism spectrum had significantly improved scores on 
both static and dynamic balance (Najafabadi et al. 2018). In 
a separate study, a 24- week exercise program that included 
16 h of total instruction was delivered to children on the 
autism spectrum aged 6–12 years (Toscano et al. 2018). Fol-
lowing participation, children demonstrated improved meta-
bolic health as measured by levels of high- and low-density 
lipoprotein and total cholesterol (Toscano et al. 2018). While 
these findings are promising with respect to long term health 
or risk for chronic disease, outcomes were limited to physi-
ological changes with very little reported on improvements 
to components of health integral to participation in PA.

Beyond improvements to health that participation in PA 
are afforded, there is a small but emerging area of research 
examining relationships among physical activity and social-
ization. Current findings suggest relationships among the 
gross motor performance and social skills are present early 
on in development and persist throughout childhood. Greater 
social communication delays were discovered in toddlers 
on the autism spectrum with poorer motor proficiency 
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(MacDonald et al. 2013). Similarly, in a separate study 
that examined relationships among children on the autism 
spectrum 18 months through 6 years of age, children who 
demonstrated the most significant gross motor impairments 
also exhibited the poorest scores in socialization (Puspo-
negoro et al. 2016). Moreover, correlations among objec-
tively measured motor skills and parental report of social 
responsiveness suggest children on the autism spectrum 
aged 4–12, with lower subscale motor scores were related 
to impairments in social skills (Gladfelter et al. 2020). As 
children acquire a threshold of proficiency in fundamen-
tal motor skills it is likely they will be afforded additional 
opportunities for structured (e.g. adapted physical education) 
and unstructured play (e.g. recess) play. Over developmen-
tal time, these opportunities will create positive spirals of 
engagement, where children with greater motor proficiency 
will continue to participate in recreational pursuits of physi-
cal activity including community-based programming. Next, 
positive social outcomes have also been reported following 
the delivery of PA interventions to young children on the 
autism spectrum. Among improvements cited are reduced 
disruptive behaviors (Pan 2010), improved peer interactions 
(Ketcheson et al. 2017) and improvements to individual 
participant social skills (Bremer et al. 2015). Finally, in a 
meta-analysis examining the effects of PA interventions 
on young individuals on the autism spectrum (aged 2–22), 
results support the effectiveness of intervention for improve-
ments in FMS (e.g. locomotor skills), physical fitness (e.g. 
muscular strength and endurance) and social functioning 
(Healy et al. 2018). The majority of intervention studies 
addressing the motor behavior in individuals on the autism 
spectrum include samples with large age ranges, making 
individualized instruction difficult. Moreover, many inter-
ventions begin during the school years, missing opportuni-
ties to intervene during early developmental periods when 
children may be most sensitive to change. Collectively, these 
studies support the promising impact of interventions that 
target component(s) of health. However, there remains a sig-
nificant void of interventions that comprehensively promote 
and address positive trajectories of health beginning early 
on in development.

While mounting evidence suggests children on the autism 
spectrum could benefit from interventions targeting health 
outcomes, another often overlooked opportunity to promote 
developmental trajectories is the relationship between PA 
and social competency. Given participation in PA has been 
identified as a potential gateway to improve social skills 
(Bremer et al. 2015; Ketcheson et al. 2017; Pan 2010), it 
seems possible that children on the autism spectrum (who 
experience pervasive social-communication deficits) may 
benefit across multiple domains when participating in 
interventions that promote PA. Few studies to date have 
delivered PA interventions and reported improvements to 

social competencies (Bremer et al. 2015; Ketcheson et al. 
2017; Pan 2010). Implementing PA interventions to improve 
social communication outcomes in preschool children on 
the autism spectrum remains an area of future research that 
warrants greater attention, especially in the methodology 
and delivery of comprehensive early interventions.

Children on the autism spectrum experience health dis-
parities at a disproportionately higher rate when compared 
to their neurotypical peers. When compared to same age 
neurotypical peers, children on the autism spectrum experi-
ence lower proficiency in FMS (Jasmin et al. 2009; Lloyd 
et al. 2013; Provost et al. 2007; Staples and Reid 2010), 
low levels of physical activity (Gehricke et al. 2020; Gil-
lette et al. 2015; MacDonald et al. 2011) and lower levels of 
HRPF (Staples et al. 2020). A key contributor to unhealthy 
weight classifications are the well documented lack of the 
opportunities for children on the autism spectrum partici-
pate in community-based PA programs and health promotion 
interventions. Based on the currently available published 
research, when interventions are delivered to children on 
the autism spectrum, they generally lack the combination of 
strong methodology and comprehensive measures of health. 
To address this gap in the literature, a physical activity inter-
vention was designed and delivered to children on the autism 
spectrum where outcomes across multiple components of 
health were evaluated. Specifically, the primary objective 
of this study was to examine the impact of a 12-week com-
munity based physical activity on multiple components of 
health (e.g. weight classification, FMS, PA and physical fit-
ness). Our secondary objective was to examine social deter-
minants of motor behavior (including motor skills, physical 
fitness, and PA) and social communication scores at base-
line, and to examine if improvements in motor behavior were 
associated with social communication scores. Collectively, 
the knowledge gained from this study will influence the 
design and delivery of PA programming as a key component 
of early intervention efforts to improve health outcomes for 
young children on the autism spectrum.

Methods

Participants

Dissemination of study information occurred through 
social service networks, including parent advocacy groups, 
and early intervention service providers. To be included in 
this study, participants had a confirmed diagnosis of ASD 
(by school or medical provider), resided within 15 miles 
of the study site, and were between a narrow age range 3 
and 5 years of age. A group of 32 children with ASD was 
recruited for the study, but 25 participants completed the 
12 week intervention and both pre and post measurements. 
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Attrition was due to inability to complete baseline measure-
ments (n = 5), withdrawal due to parental decision (n = 2), 
and change in diagnosis affecting inclusion/exclusion status 
(n = 1). As can be observed in sample characteristics (see 
Table 2), the participants consisted of a diverse group of 
children, including 50% identifying as African American.

Descriptive Measures and Diagnostic Instruments

In order to establish a baseline understanding of intel-
ligence quotient (IQ) and to afford direct comparisons to 
other research examining the effectiveness of community-
based early intervention (Nahmias et al. 2019), all research 
participants were administered the Mullen Scales of Early 
Learning (MSEL; Mullen 1995). Each of the four cognitive 
scales: receptive and expressive language, non-verbal prob-
lem solving, and fine motor skills were administered. While 
the MSEL also includes a gross motor component, we did 
not administer given a more comprehensive evaluation of 
motor behavior would subsequently be administered. When 
possible, age equivalent scores on the expressive language 
subscale were generated as a method to assist researchers 
with the selection of the appropriate Autism Diagnostic 
Observation Schedule –2 (ADOS-2; Lord et al. 2012). The 
ADOS-2 were administered by one of two faculty members 
who were research reliable in the administration and scoring 
of the assessment. The ADOS-2 is a standardized observa-
tional assessment that includes five modules; the selection 
of the module is based on the child’s expressive language 
level (Lord et al. 2012). Children in the current study were 
administered a module 1 for children with little or no phrase 
speech or Module 2, for children who use phrase speech but 
are not yet fluent. Standardized domain scores for the ADOS 
were computed (as symptoms of severity) in two domains, 
social affect (SA) and restricted repetitive behaviors (RRB). 
As an indicator of ASD severity for children on comparison 
scores were generated based on a sum and subsequent con-
version of scores from the SA and RRB, and were used as an 
indicator of ASD severity for children (Gotham et al. 2009). 
A comparison score between 1 and 2 indicates minimal to 
no evidence, 3–4 minimal evidence, 5–7 moderate evidence 
and 8–10 high evidence.

Outcome Variables

The Test of Gross Motor Development–3 (TGMD-3; Ulrich 
2018) is a norm referenced evaluation of gross motor skills 
and is one of the most widely employed assessments of 
FMS. In the availability of motor behavior research for chil-
dren on the autism spectrum, it remains one of the most 
utilized assessments (Bremer et al. 2015, 2016; Ketcheson 
et al. 2017, 2018, 2020; Staples et al. 2012). It is consid-
ered a valid and reliable assessment of gross motor skills for 

children ages 3–10. Recent research has also established the 
instructional sensitivity of the TGMD-3, where raw scores 
are sufficiently sensitive to detect changes in performance 
following 10 weeks of physical education for young children 
(Staples et al. 2020). Moreover, it is appropriate to use in 
research for children on the autism spectrum given its inclu-
sion of clinical populations in its standardized normative 
sample with established clinical validity for children with 
ASD (Pitchford and Webster 2020; Ulrich 2018). Next, the 
skills in the TGMD-3 are age and developmentally appro-
priate for children in this study, in other words, children 
typically have fun engaging in the type skills represented 
in the TGMD-3. Briefly, the TGMD-3 is comprised of two 
subscales, locomotor (e.g. run, jump, skip) and ball (e.g. 
kick, strike, throw) skills. The TGMD-3 manual includes 
procedures for a standardized administration of the evalu-
ation which includes verbal details along with a physical 
demonstration. All participants were provided a demonstra-
tion followed by a practice trial and two scored trials. Addi-
tionally, it should be noted that in the testing manual flex-
ibility in administration procedures to elicit a child’s most 
representative behavior is encouraged. Given the behavioral 
challenges that can be presented in testing situations, the 
TGMD-3 affords the greatest amount of information in rela-
tion to time to administer. All TGMD-3′s were recorded and 
scored by two research assistants with ample experience in 
conducting standardized assessments in young children on 
the autism spectrum. To calculate inter-reliability for the 
scoring of the TGMD-3, 10 of the 25 (40%) assessments 
were scored by two independent raters at both time points. 
Intraclass correlation coefficients (ICC) were calculated 
using a two-way random effects model (ICC 2, 1) that exam-
ined the absolute agreement between raters. The average 
ICC for each subtest score across both time points for the 
locomotor and ball skills subtests were 0.998 (0.981–0.999) 
and 0.994 (0.978–0.999), respectively. Both TGMD-3 raw 
scores and standardized scores were used in analyses. Raw 
scores, as utilized in the primary analyses, reflect the abso-
lute change in fundamental motor skill proficiency and are 
more sensitive to detecting change than standardized scores. 
The gross motor index and standardized subscale scores 
reflect a norm-referenced evaluation of performance com-
pared to children in the United States based on age and sex.

The HRPF of participants was measured with 4 tasks 
from the Brockport Physical Fitness Test (Winnick and 
Short 2014). The selected tasks are considered appropri-
ate measures of HRPF for children on the autism spec-
trum given and have been used previously in research 
with children with developmental disabilities (Collins and 
Staples 2017; Staples et al. 2020). The study by Collins 
and Staples (2017) also demonstrate these measures are 
sufficiently sensitive to detect changes in HRFP capaci-
ties following participation in a 10- week PA program. 
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Similar to the TGMD-3 administration protocol, all 
participants were provided a demonstration with verbal 
instructions, followed by a practice trial. Measures of 
muscular strength and endurance included the isometric 
push up (upper body), the modified curl up (abdominal), 
and the standing long jump (lower body). For the standing 
long jump, each child completed 2 trials and the farthest 
jump was recorded. The 20-m progressive aerobic cardio-
vascular endurance run (PACER) measured the cardiovas-
cular endurance of each research participant. A research 
assistant ran alongside each participant for the PACER so 
each child could see and hear the pace at all times.

The PA of children was evaluated using Actigraph 
GT3X + (Pensacola, FL), which are small accelerometers 
that measure levels of PA in three planes of movement. 
They are considered the gold standard for evaluation of 
PA given their ease of use and objective methodology. 
Parent(s) were instructed to administer the accelerometers 
around the participants waist above the right iliac crest, 
during all waking hours (except during bath or shower) 
for 7 days including 2 weekend days. Following wear time 
recommendations for PA measurement (Matthews et al. 
2012; Rich et al. 2013), children with ≥ 2 days of ≥ 10 h 
of wear time were included in the analysis. The majority 
(92%) of children had either ≥ 3 valid days of ≥ 10 h of 
wear time or ≥ 4 days of ≥ 8 h of wear time. A valid day 
for this age group has previously been defined as ≥ 5 h of 
wear time and ≥ 4 valid days (Pfeiffer et al. 2009). Par-
ticipants wore the accelerometers 1-week pre intervention 
and 1-week post intervention. This time represented a 
warm and cold period respectively in the region where 
the study was conducted. Accelerometer data was col-
lected and was downloaded with Actilife 6 software using 
5 s epochs. Validated and published cutpoints by Butte 
(2014) were used to quantify participant movement in 
5 intensities of activity; sedentary (< 240 CPM), light 
PA, (240-2119 CPM), moderate PA (2120-4449 CPM), 
and vigorous PA (> 4450 CPM). MVPA is the sum of 
activity counts accumulated in the moderate and vigorous 
intensity categories to provide an indication of PA levels 
relative to the US PA guidelines (PAG 2018). Of the 25 
children in the sample, 18 completed both pre and post 
PA measurements.

Body composition was evaluated by administering 
height and weight as well as waist to hip ratio. BMI 
z-scores were calculated based on participant height and 
weight (BMI: kg/m2) and were used in our analysis as the 
primary variable of body composition (Kuczmarski et al. 
2000). Z scores are measures of relative weight adjusted 
for child age and sex allowing for evaluation of growth 
status independent of other factors.

Intervention

The intervention was originally designed as a two-year 
longitudinal intervention, where participants would have 
received dosage in six 12-week blocks. Pre and post meas-
ures were planned throughout the longitudinal intervention 
and would have resulted in a trajectory of change with 6 
timepoints of measures. However, due to social distancing 
circumstances that arose with COVID-19, the methodology 
for the intervention was altered to a pre and post design 
consisting of 12, 1-h sessions per week. The intervention fol-
lowed a consistent routine each day (see Table 1). All inter-
vention sessions were conducted in a gymnasium in a large 
and public urban university located in Southeast Michigan. 
The primary focus of the intervention was on the acquisi-
tion and reinforcement of the 13 fundamental motor skills 
that are included in the TGMD-3. Given best practices in 
instructional methods for physical education (Michigan Fit-
ness Foundation: Michigan’s Exemplary Physical Education 
Curriculum 2002), two skills (1 locomotor and 1 ball) were 
selected each session as the primary focus.

The intervention included two different types of instruc-
tors; coaches who worked in 1:1 dyads with research par-
ticipants, and lead teachers. All coaches were pre-service 
health and physical education teachers enrolled in an 
adapted physical education college course with an embed-
ded practicum component. Their role primarily consisted 
of direct individualized instruction on motor behavior skills 
during individual, small and large group activity. For con-
sistency, coaches remained paired with the same participant 
for each of the 12 sessions. Next, two lead teachers with 
Board Certified Behavioral Analysts (BCBA’s) credentials 
were responsible for the management, timing and delivery 
of group direction. Moreover, once activities began, the lead 
teachers circulated to coach and participant dyads in order 
to provide feedback that promoted participant time on task. 
The principal investigator (PI) is a certified adapted physical 
education teacher with over 15 years of experience conduct-
ing community based adapted PA programming.

Every session began with a social story warm up where 
opportunities to practice each of TGMD-3 ball and locomo-
tor skills was presented. Next, the lead teachers provided an 
overview of the session, where action pictures of subsequent 
activities were presented in chronological order. Following a 
review of session activities, the lead teachers assigned task 
cards to all dyads. Task cards were designed with a series 
of progressively difficult activities that participants could 
complete with their assigned coach. The purpose of the cards 
was to progress on previously introduced TGMD-3 activi-
ties. For example, if the stationary kick was introduced in the 
session prior, the task card would begin with a review of the 
skill previously acquired (e.g. swing leg to contact ball with 
force from foot), followed by an activity requiring greater 
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skill proficiency (e.g. rapid approach to the ball prior to con-
tact). Following the completion of task cards, the lead teach-
ers introduced two new TGMD-3 skills to the group. The 
lead teachers then provided several minutes for the dyads to 
practice the TGMD-3 skills, including the reinforcement of 
key words (e.g. run, leap, kick) with corresponding motor 
movement (e.g. child kicks ball).

Next, the lead teachers divided dyads into several learn-
ing groups corresponding to their proficiency in the given 
skills. The groups usually consisted of participants who 
were either acquiring, practicing or refining skills, in this 
way, the small groups could complete the task require-
ments at a pace comfortable to their group. The small 
group activity was a goal-oriented task that encouraged 
participation from all group participants to complete. 
For example, the purple team was responsible for run-
ning to the purple cone and throwing the tennis balls into 

the purple bucket. Depending on overall timing, several 
opportunities to complete the goal-oriented task were 
afforded. Next, instructions were delivered for the large 
group activity which consisted of a time-oriented task. 
For example, all participants were instructed to run around 
the perimeter of the gym and complete as many target 
throws as they could within a designated time frame (e.g. 
2 min). Multiple opportunities to engage in the activity 
were afforded, where instructors increased the length of 
time participants engaged as a large group to complete 
the activity. Once the large group activity concluded, lead 
teachers delivered a short lesson review where facilitating 
questions regarding TGMD-3 skill criterion were posed to 
the group. For example, participants were asked to show or 
tell the lead teachers which foot should step forward when 
throwing a ball, or how to move the arms in opposition 
during the run. Finally, a social story cool down where 

Table 1  Intervention session outline

TGMD-3 Test of Gross Motor Development, 3rd edition (Ulrich 2018); CPRT Classroom Pivotal Response Teaching

Hour Overview TGMD-3 skill (example) CPRT strategy

0–5 min Warm up Lead teachers read and acted out a social story 
with embedded opportunities to practice each 
of the TGMD-3 skills

Student attention, multiple cues

5–15 min Task card Coach and child dyads completed task cards that 
consisted of a review of previously acquired 
skills, along with progressively difficult task 
requirements

Easy and difficult tasks, direct reinforcement, 
shared control

15–18 min Introduce 2 new skills Lead teachers demonstrated 2 new skills along 
with key words, dyads were encouraged to find 
space in the gym to practice motor movements 
and key words

Clear and appropriate instruction, reinforcement 
of attempts

18–20 min Introduce small group activity Lead teachers divided small groups according to 
skill level, and assigned to designated area of 
gymnasium, for example wall A, B, C or D

Clear and appropriate instruction

20–35 min Small group activity Coaches worked with children to complete 
the small group activity, coaches provided 
feedback regarding turn taking or behavioral 
re-direction during goal-oriented task, the 
activity included an opportunity to practice 
both TGMD-3 skills

Multiple cues, direct reinforcement and contin-
gent consequence

35–38 min Water break Coaches provided an optional opportunity for 
children to walk towards break station for a 
drink of water

Shared control

38–40 min Introduce large group activity Lead teachers divided large group into two, and 
assigned to designated area of gymnasium, for 
example, side one or two

Clear and appropriate instruction

40–55 min Large group activity Lead teachers provided two to five-minute 
opportunities for large groups to complete the 
timed activity, the activity included an oppor-
tunity to practice both TGMD-3 skills

Multiple cues, direct reinforcement,
contingent consequence

55–57 min Review Lead teachers asked several facilitating ques-
tions related to TGMD-3 skills

Student attention, reinforcement of attempts

57–60 min Cool down Lead teachers provided instruction on yoga 
poses for dyads to complete together within a 
large group setting

Student attention
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opportunities to practice yoga poses requiring muscular 
strength and endurance was delivered.

Behavioral Framework

All instructors participated in a 3-h training on the behavio-
ral framework called Classroom Pivotal Response Teaching 
(CPRT; Suhrheinrich et al. 2011). This behavioral frame-
work has been used successfully in previous adapted physi-
cal activity intervention research (Ketcheson et al. 2017). 
The CPRT framework includes 5 antecedent (student atten-
tion, clear and appropriate instruction, easy and difficult 
tasks, shared control, and multiple cues), and consequence 
(direct reinforcement, contingent consequent and reinforce-
ment of attempts) strategies. Instructor training consisted 
of a training on each of the CPRT strategies where the 
opportunity to practice and reinforce prompts within dif-
ferent instructional situations was operationalized. There 
were a total of 25 coaches who worked in 1:1 dyad with 
the research participants and were evaluated for fidelity on 
the CPRT strategies. The items on the fidelity assessment 
included the 5 antecedent and 3 consequence CPRT strate-
gies. The PI evaluated the presence of a strategy with a ‘1′ 
and the absence of a strategy with a ‘0′. The PI tracked the 
frequency of fidelity checks to ensure all instructors received 
an equal opportunity to be evaluated for fidelity at the begin-
ning (weeks 1- 4), middle (weeks 5–8) and end (weeks 9–12) 
of the duration of the intervention. The PI evaluated the per-
formance of coaches in real time during the intervention 
sessions. Fidelity outcomes were discussed as a group at 
the conclusion of each session, all components of the CPRT 
were reviewed with the PI, and discussed relative to fidelity. 
In this way all coaches could continue to ensure participants 
received quality instruction.

Procedures

All study procedures were approved by the Institutional 
Review Board at a large urban university in Southeast Michi-
gan. Pre-measures were evaluated over 2 separate meetings 
prior to study commencement. In the first meeting, approxi-
mately 1-month pre intervention, parents consented their 
child’s participation in the study, and completed a question-
naire regarding their child’s extracurricular and physical 
activity behavior (including community services, occupa-
tional and physical therapy). Following completion of the 
paperwork, all participants were administered the MSEL and 
the ADOS-2. Approximate language levels from the MSEL 
was used to select the appropriate ADOS-2 module.

In the second meeting, all components of health were 
administered to study participants one week prior to inter-
vention commencement. Upon arrival research participants 
were paired with their instructional coach and were shown 

a picture schedule outlining each of the stations to be com-
pleted. The stations were set up around the perimeter of 
a large gymnasium, instructors were encouraged to allow 
the participant to select the order of activities. Each sta-
tion was equipped with stickers and food reinforcers that 
were awarded (if needed) at the completion of each activity. 
Stations included height, weight and waist circumference, 
20-m PACER, muscular strength and endurance, and ball 
and locomotor skills. To ensure minimal distractions within 
the gymnasium, participants were scheduled to arrive in a 
pre-arranged block of time to reduce the number of individu-
als in the gym at one time. Once all measures were com-
pleted, parents were provided the physical activity monitor 
along with instructions for adherence to wear time protocols. 
These procedures were operationalized again 1 week follow-
ing the completion of the intervention.

Statistical Procedures

Descriptive statistics including mean and standard deviation 
or frequency and proportion were calculated from pre- and 
post-intervention measurements. Differences in outcome 
variables attributable to the intervention were analyzed using 
paired t-tests with Cohen’s dz effect sizes (μz/σz). Analyses 
were conducted for changes in TGMD-3 raw scores, health-
related physical fitness, and physical activity levels. Actig-
raphy data was missing from 7 of the 25 participants that 
completed the intervention. Paired t-tests for TGMD-3 and 
HRPF data were conducted with all 25 participants while 
PA change was conducted with 18 participants. Differences 
between the samples with and without PA data are presented 
in Supplementary Table S1. To determine the interrelated-
ness of these intervention components, Pearson correlation 
was used to examine bivariate correlation between variables 
at both baseline and with change scores (Δ) from pre to post 
intervention. As an exploratory analysis, Pearson correlation 
was used to examine bivariate associations between ASD 
symptoms, as measured by the ADOS-2, and the primary 
intervention outcomes at both baseline and with change 
scores (Δ). For correlational analyses, the standardized 
Gross Motor Index from the TGMD-3 was also incorporated 
to better account for the influence of age and gender. Statis-
tical analyses were conducted in SPSS (v.26) with a priori 
alpha of 0.05. Effect sizes (dz) were calculated in G*Power 
(v.3.1).

Results

Twenty-five children with ASD completed the intervention 
and both pre and post measurements. Participant attendance 
across the 12 week intervention ranged from 9 to 12 weekly 
sessions (M = 10.88 ± 1.05; 90.67%). Descriptive statistics of 
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the sample are reported in Table 2. The sample was predomi-
nately male (72%) and African American (52%).

The intervention was effective in improving fundamen-
tal motor skills and heath related physical fitness in chil-
dren with ASD (see Table 3). TGMD-3 ball skills scores 
(Mchange = 5.28 ± 5.62, p < 0.001) had significant increases 
from pre to post test. However, gains in locomotor skills 

were small and non-significant (Mchange = 0.48 ± 5.80, 
p = 0.683). Changes in health related physical fitness dur-
ing the intervention all reflected improvements in physi-
cal fitness, but only the isometric push-up showed a sig-
nificant effect (Mchange = 4.57 ± 9.20, p = 0.020). There was 
also a statistically significant reduction in BMI z-score 
(Mchange = -0.20 ± 0.44, p = 0.027), but changes were due to a 
significant increase in participant height during the 12 weeks 
(Mchange = 2.53 ± 1.22 cm, p < 0.001). No significant changes 
were observed for any physical activity variable (p > 0.05; 
see Table 4).

Competency in fundamental motor skills was associated 
with multiple aspects of health-related physical fitness and 
physical activity. At baseline, TGMD-3 Gross Motor Index 
was positively correlated with performance on modified 
curl-ups (r = 0.57, p < 0.01), isometric push-up (r = 0.42, 
p < 0.05), standing long jump (r = 0.71, p < 0.001), and 
20 m PACER test (r = 0.52, p < 0.01). All other associations 
between FMS competency and body composition or physical 
activity were small and non-significant (p > 0.05). Across 
the intervention, two notable associations were identified. 
Improvement in locomotor skills were negatively correlation 
with change in WHR (r = − 0.43, p < 0.05). Improvement in 
the Gross Motor Index was also positively associated with 
improvements in both moderate physical activity (r = 0.60, 
p < 0.01) and MVPA (r = 0.49, p < 0.05). The complete cor-
relation matrix is presented in Supplementary Table S2.

To address the secondary study objective, correlations 
between ADOS severity scores and intervention outcomes 
were examined (see Table 5). At baseline, social affect 
and restrictive and repetitive behaviors were both nega-
tively associated with locomotor skills (p < 0.05), indicat-
ing greater FMS competency among children with lesser 
ASD symptoms. Waist to hip ratio was positively corre-
lated with the ADOS comparison score (r = 0.89, p < 0.01) 

Table 2  Demographic characteristics

All demographic characteristics are presented as frequency (propor-
tion) for categorical data and mean (standard deviation) for continu-
ous data. ADOS-2: Autism Diagnostic Observation Schedule, 2nd 
edition (Lord et al., 2012); MSEL: Mullen Scales of Early Learning 
(Mullen, 1995)

N (%) M (SD)

n 25 (100%)
Age 4.67 (0.82)
Sex
Male 18 (72%)
Female 7 (28%)
Race/Ethnicity
African American 13 (52%)
Caucasian 5 (20%)
Hispanic/Latino 1 (4%)
Other 6 (24%)
ADOS-2
Social Affect 12.88 (3.33)
Restrictive & repetitive behaviors 3.84 (1.80)
Comparison score 7.40 (2.74)
MSEL
Receptive language 30.36 (9.76)
Expressive language 29.36 (9.36)
Non-verbal problem serving 34.64 (9.52)
Fine motor 33.84 (8.22)

Table 3  Intervention effect on 
fundamental motor skills and 
health related physical fitness

Paired sample t-tests with dz effect size. Descriptive statistics are presented as mean (standard deviation). 
FMS fundamental motor skills, HRPF health related physical fitness, body mass index
* p < .05, bolded

n Pre
M (SD)

Post
M (SD)

Change
M (SD)

p dz

FMS
 Locomotor 25 17.04 (13.81) 17.52 (14.05) 0.48 (5.80) .683 .083
 Ball Skills 25 13.96 (11.90) 19.24 (12.52) 5.28 (5.62)  < .001* .938

HRPF
 BMI z-score 25 1.11 (1.53) 0.90 (1.65) − 0.20 (0.44) .027* .474
 Waist-hip ratio 25 1.23 (1.70) 0.83 (0.11) − 0.40 (1.69) .245 .239
 Modified curl ups (#) 25 2.12 (3.41) 3.16 (5.38) 1.04 (3.80) .184 .273
 Isometric push up (s) 25 3.57 (9.36) 8.14 (17.23) 4.57 (9.20) .020* .497
 Standing long jump (#) 25 35.71 (31.40) 41.92 (40.24) 6.21 (31.55) .335 .197
 20 m PACER (laps) 25 2.28 (1.74) 2.32 (2.10) 0.04 (1.93) .918 .021
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and standing long jump performance was negatively cor-
related with restrictive and repetitive behaviors (r = − 0.43, 
p < 0.05). No other outcomes of HRPF were correlated 
with ADOS scores at baseline (p > 0.05).

ASD symptoms were also associated with some effects 
of the intervention (see Table 6). Change scores (Δ) in 
BMI z-score were positively associated with both social 
affect (r = 0.41, p < 0.05) and restrictive and repetitive 
behaviors (r = 0.42, p < 0.05). Change in waist to hip ratio 
was negatively associated with ADOS comparison score 
(r = − 0.87, p < 0.01) and change in 20 m PACER perfor-
mance was negatively associated with both social affect 
(r = -0.40, p < 0.05) and restrictive and repetitive behaviors 
(r = − 0.55, p < 0.01). All other associations with changes 
in FMS and HRPF were not significant (p > 0.05).

Correlations between ADOS scores and physical activ-
ity within the smaller sample with physical activity (n = 18) 
were also not statistically significant (p > 0.05) at either 
baseline or across the intervention (see Supplementary 
Table S3).

Discussion

Given the pervasive nature of social communication defi-
cits, an often-overlooked component of early intervention 
includes the disparities in health that disproportionately 
impact this population. This study followed recommenda-
tions for early intervention consistent with an empirically 
supported behavioral framework (CPRT; Suhrheinrich et al. 

Table 4  Intervention effect on 
physical activity

Paired sample t-tests with dz effect size. Descriptive statistics are presented as mean (standard deviation) of 
PA data in average minutes per day. MVPA: moderate to vigorous physical activity
*p< .05 (none observed)

n Pre
M (SD)

Post
M (SD)

Change
M (SD)

p dz

Sedentary 18 381.46 (103.37) 327.51 (141.58) 53.96 (131.59) .100 .410
Light 18 145.77 (41.61) 129.10 (67.68) 16.67 (65.34) .294 .255
Moderate 18 42.36 (14.00) 41.54 (29.79) 0.82 (30.82) .912 .027
Vigorous 18 23.12 (12.17) 21.55 (16.57) 1.56 (17.97) .717 .087
MVPA 18 65.48 (24.34) 63.10 (43.90) 2.38 (47.15) .833 .050

Table 5  Correlations between ASD symptoms, FMS, and HRPF at 
baseline

n = 25. Pearson bivariate correlations at baseline. ADOS-2: Autism 
Diagnostic Observation Schedule,  2nd edition (Lord et  al., 2012); 
FMS fundamental motor skills, HRPF health related physical fit-
ness, BMI body mass index. Locomotor and ball skills are raw scores. 
Gross Motor Index is a scaled score
*p < .05, ** p < .01, *** p < .001, bolded

Social
affect

Restrictive & 
repetitive behav-
iors

ADOS-2 
comparison 
score

FMS
 Locomotor − .485* − .600** − .316
 Ball skills − .494* − .556** − .296
 Gross motor index − .684** − .665** − .418*

HRPF
 BMI z-score − .161 .003 .111

Waist-hip ratio .388 .381 .882**
 Modified curl ups (#) − .241 − .344 − .113
 Isometric push up (s) − .125 − .154 − .044
 Standing long jump (#) − .363 − .430* − .296
 20 m PACER (laps) − .187 − .131 − .173

Table 6  Correlations between ASD symptoms and intervention out-
comes

n = 25. Pearson bivariate correlations of intervention outcomes (i.e. 
change scores, Δ) from pre to post intervention. ADOS-2 Autism 
Diagnostic Observation Schedule, 2nd edition (Lord et  al. 2012), 
FMS fundamental motor skills, HRPF health related physical fit-
ness, BMI body mass index. Locomotor and ball skills are raw scores. 
Gross Motor Index is a scaled score
*p < .05, **p < .01, ***p < .001, bolded

Social
affect

Restrictive & 
repetitive behav-
iors

ADOS-2 
comparison 
score

FMS
 Δ Locomotor .048 .100 .247
 Δ Ball skills − .069 − .185 − .100
 Δ Gross motor index .382 .329 .218

HRPF
 Δ BMI z-score .406* .418* .091
 Δ Waist-hip ratio − .371 − .368 − .869**
 Δ Modified curl ups (#) − .036 − .310 − .098
 Δ Isometric push up (s) − .088 .027 .338
 Δ Standing long jump 

(#)
.013 − .059 .133

 Δ 20 m PACER (laps) − .402* − .553** − .169
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2011), and several outcomes from the current study are sup-
ported in previous research (Ketcheson et al. 2017). How-
ever, this study addresses several limitations in motor behav-
ior interventions for children on the autism spectrum. First, 
study participants were between 3 and 5 years of age which 
represents a younger group of children across a narrower age 
range compared to other intervention research (Najafabadi 
et al. 2018; Pan 2010; Toscano et al. 2018), moreover, this 
study examined multiple components of health including 
FMS, PA, HRPF and weight status. With respect to the pri-
mary objective, to determine the impact of a PA interven-
tion on multiple components of health; all motor and fitness 
measures showed progress from pre to post intervention, 
with significant improvements found in ball skills and the 
isometric push up. The methodology and measures included 
in this study represent an important next step in the design 
and delivery of motor behavior interventions for young chil-
dren on the autism spectrum.

Results from our primary objective are interesting to 
consider within the developmental framework of Dynamic 
Systems Theory (DST; Thelen and Smith 1998). DST pur-
ports that patterns of motor behavior can be stable or unsta-
ble. Stable patterns of behavior are skills which have been 
acquired and reinforced overtime, and as a result, the pat-
tern of behavior is stable and difficult to change. Unstable 
patterns of behavior are skills which are easily perturbed 
given children may not have been afforded an opportunity 
for acquisition or reinforcement. It is plausible that ball skills 
represent unstable patterns of behavior, especially when con-
sidering environmental supports that facilitate this type of 
skill acquisition and the potential lack of opportunity for ‘at 
home’ instruction requiring sports equipment. While authors 
note these conclusions may be speculative, it is important 
to consider the urban environment where the intervention 
was operationalized. Current research would support that 
additional barriers exist for opportunities to participate in PA 
experiences within such environments. Further complicating 
matters are the unique learning considerations required when 
instructing children on the autism spectrum.

Another consideration regarding findings from our pri-
mary objective is the process through which children acquire 
FMS. There is empirical support which suggests FMS no not 
develop naturally, instead the acquisition of FMS requires 
instruction and practice (Logan et al. 2012). Given the period 
of developmental plasticity that exists within the preschool 
years (National Scientific Council on the Developing Child 
2007), embedding motor behavior within early intervention 
can provide young children with multiple opportunities to 
acquire and refine FMS. These opportunities overtime will 
build upon one another forming a foundation to maximize 
their learning of additional motor skills. Within the con-
text of a PA intervention, these early opportunities for skill 
acquisition form experience-dependent neural connections 

that can be strengthened with instruction and practice. As a 
young child gains competence in their performance of FMS, 
the patterns of behavior become more stable, and connec-
tions are strengthened. Whereas movement patterns that are 
used less frequently are not yet stable, and without inter-
vention are eliminated through a process of developmental 
pruning. Given children on the autism spectrum are afforded 
fewer opportunities for the acquisition of FMS, the design 
and delivery of motor behavior interventions early on in 
development should be an important consideration within 
a DST developmental framework.

Next, there is empirical support to suggest that in neu-
rotypical children motor proficiency in balls skills during 
childhood are a known contributor to levels of PA and HRPF 
during adolescence. Specifically, proficiency performing ball 
skills between 7 and 11 years of age was associated with 
MVPA during adolescence, with the strongest predictor 
being later participation in vigorous intensity PA (Barnett 
et al. 2009). Proficiency performing ball skills between the 
ages of 4–6 years and 7–11 years is also a significant predic-
tor of fitness during adolescence (Barnett et al. 2008; Vla-
hov et al. 2014). Next, while only ball skills improved post 
intervention, authors anticipate with a longitudinal design 
an increase in locomotor skills would have been observed. 
This is important to consider given that greater proficiency 
performing locomotor skills is associated with higher levels 
of vigorous intensity PA among 3–4 year old children (Web-
ster et al. 2019). While the majority of empirical support 
for relationships between motor skill proficiency and par-
ticipation in health enhancing PA has included neurotypical 
children, future studies should consider replication of longi-
tudinal methodology to determine if outcomes are similar for 
children on the autism spectrum. Moreover, results from the 
current study should form the catalyst for additional longitu-
dinal research examining the strengthening of relationships 
between components of health over developmental time.

When considering the outcomes related to PA within 
this study, it is important to recognize that levels of PA are 
established early on in development and therefore may have 
been established as preferred patterns of behavior which 
are difficult to change in a relatively short amount of time 
(Wilkin 2011). In fact, current study findings are supported 
by Ketcheson et al. (2017) that examined changes to objec-
tively measured PA following an intensive short-term motor 
behavior intervention. Moreover, cross-sectional research 
suggests that as children on the autism spectrum transition 
to adolescence, their participation in health enhancing PA 
declines (Jones et al. 2017; MacDonald et al. 2011), which 
highlights the importance of establishing positive PA behav-
iors during childhood. Similar to the acquisition of FMS, 
it is important to consider the cascading impacts of health 
enhancing PA throughout development. Given PA typically 
includes whole body movements, where opportunities to 
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form and strengthen connections are available early on in 
development that may support simultaneous improvements 
to health.

As noted in the introduction, very few studies to date 
have examined the HRPF of children on the autism spectrum 
(Srinivasan et al. 2014; Collins and Staples 2017; Staples 
et al. 2020). Previous research has shown that children on the 
autism spectrum between the ages of 7–12 years demonstrate 
significantly improved levels of HRPF following 10 weeks 
of participation in PA programming (Collins and Staples 
2017). The current study reports significant improvements 
in only the isometric push up, which is not surprising as 
the final few minutes of each session were dedicated to the 
practice of yoga poses. The poses required the combination 
of different muscle groups where children would have been 
afforded the opportunity to practice their balance and acquire 
upper body strength to sustain the isometric push up. These 
results demonstrate that with targeted practice, significant 
improvements are possible, but suggest that it may take more 
time for younger children who are just developing physical 
fitness capacities to make these gains. In order to influence 
multiple measures of HRPF, long-term interventions are 
needed to influence the maintenance and improvement in all 
health outcomes. These results suggest patterns of behavior 
can be positively impacted, further solidifying the impor-
tance of establishing behaviors that support health enhanc-
ing PA behavior early in development. Moreover, given the 
potentially reciprocal nature of physical activity and physical 
fitness (Robinson et al. 2015; Stodden et al. 2014) design-
ing early interventions that promote participation in PA may 
simultaneously improve trajectories of health. Future service 
providers and early interventionists should provide struc-
tured learning experiences where opportunities to reinforce 
participation in PA will establish improved trajectories of 
health over developmental time.

With respect to our secondary objective, to examine 
social determinants of motor behavior (including motor 
skills) and ASD symptoms at baseline, significant associa-
tions were found between social communication, restricted 
repetitive behaviors and motor skills. Given a child’s level 
of social attention impacts the amount of motor skill acqui-
sition, it is not surprising that children with higher social 
attention at the beginning of the intervention made the most 
significant gains in motor outcomes. Authors note that the 
opportunity to engage in positive and shared emotional 
experiences during the PA intervention, may have provided 
a pathway where the experience dependent opportunities 
facilitate greater motor gains among children who have 
greater social attention. Next, no associations were found in 
HRPF (with the exception of waist to hip ratio) and pre to 
post PA. Given previous research examining changes to PA 
over short-term interventions, these results are not surpris-
ing (Ketcheson et al. 2017). Changes to PA are complex, 

oftentimes requiring comprehensive lifestyle changes, 
proving difficult to alter over the short term. In sum, cur-
rent study findings suggest a careful understanding of core 
deficits at baseline may lend support for a more individual-
ized approach during motor intervention instruction. In this 
way, early interventionists can carefully plan for multitiered 
instruction whereby the facilitation of small or large group 
work is appropriate to a child’s developmental level, and 
task requirements are incrementally increased throughout 
the throughout the intervention.

Intervention best practices addressing core deficits have 
been widely acknowledged and disseminated (Zwaigenbaum 
et al. 2015), still lacking are guidelines for early interven-
tions that address health outcomes. The majority of physical 
activity or exercise studies that include individuals on the 
autism spectrum have examined outcomes as it relates to 
ASD symptoms or specific behaviors (Bremer et al. 2016; 
Ruggeri et al. 2020). In fact, there are no known published 
studies that have reported results on multiple components of 
health following PA interventions. The short-term outcomes 
of this study are promising and should lend support for the 
inclusion of motor behavior within the early intervention 
prescription for young children on the autism spectrum. Fur-
ther, carefully designed longitudinal studies would provide 
insight into changing trajectories in health that occur over 
developmental time as a result of a PA intervention.

Limitations

The original design of the study included a longitudinal 
intervention with multiple time points of data collection, 
in this way, we hypothesized improvements would be 
observed in all components of health by the conclusion of 
the 2-year intervention. Even despite the truncated study, 
we were encouraged with the results that were found with 
a relatively small dosage. We anticipate with a longitudi-
nal design improvement across all components of health 
would be observed. Next, this study did not include a con-
trol group and we acknowledge this as a study limitation 
given generalizations may be difficult to discern. However, 
given the limited research examining the effectiveness of 
motor behavior interventions within a narrow age range, 
that address components of health, this study offers future 
researchers an opportunity for replication and longitudinal 
study design. Finally, the current study examined stand-
ardized domain scores from the ADOS including SA and 
RRB to examine if social communication scores at baseline 
were related improvements in motor behavior. The authors 
acknowledge more appropriate measures of social com-
munication exist, for example, the Social Responsive Scale 
(Constantino and Gruber 2012), and the Vineland Adap-
tive Behavioral Scales–3 (Sparrow et al. 2016). However, 
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it should be noted that a significant finding from this study 
were the relationships observed between fundamental motor 
skills and measures of SA and RRB. Therefore, current study 
findings should stimulate continued examination between 
social determinants of motor behavior and social communi-
cation employing comprehensives measures of socialization.

Conclusions

The delays that children on the autism spectrum experi-
ence span across several developmental domains including 
impairments in motor behavior. The results of this study 
demonstrate that among young children on the autism spec-
trum, components of health can be improved following a 
community-based PA early intervention. In order to address 
the health disparities in children on the autism spectrum, 
future researchers are encouraged to design longitudi-
nal motor behavior interventions that begin early on as a 
way to promote positive trajectories of health throughout 
development.
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