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ABSTRACT

Background: It is increasingly recognized that children's physical activity behaviors are shaped by
neighborhood environment factors and their parent's support. However, these factors have been scarcely
studied among children with autism spectrum disorder (ASD), a population at risk of inactivity.
Objective: This cross-sectional survey study was designed to examine how neighborhood environmental
factors and parental support are related to physical activity levels of children with ASD. Also, this study
examined if the relationship between the environment and physical activity is modified by demographic
factors and COVID-19 related concerns.
Methods: An online survey was completed by parents of children with ASD aged 10—17 years. The
questionnaire included items related to environmental factors (i.e., distance to school, distance to park,
existence of sidewalks, walkability), parent support for physical activity (i.e., encouraging, watching, and
providing transportation), child's physical activity, and demographic characteristics. The instrument also
queried parental concerns about COVID-19 and their child's physical activity participation.
Results: The results indicate that proximity to a local park and to school is positively associated with
physical activity. Parent's encouraging behavior correlated with and predicted children's physical activity
levels. Also, higher levels of COVID-19 related concerns among parents were related to decreased
physical activity supporting behaviors.
Conclusions: This study demonstrated that the neighborhood environment, in particular the distance
between home and parks and schools, and parent support behavior are influential factors that may shape
physical activity behaviors for children with ASD.
© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Regular engagement in physical activity can have a variety of
physiological and psychological benefits for children, including
improvements in improvements in blood cholesterol, blood pres-
sure, obesity, bone density, and depression.' In addition, regular
physical activity may provide some unique benefits for children
with autism spectrum disorder (ASD), such as enhancing social and
communication skills’ and reducing stereotypical behaviors.
Despite these benefits, physical activity participation levels
among children with ASD tend to be low.*> For example, a review
of accelerometer-measured physical activity levels among children
with ASD based on 22 studies demonstrates that only 42% meet the
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guidelines of 60 min of moderate to vigorous daily physical activity
(MVPA) for children and adolescents aged 5—17.° The researchers
identified only two studies that reported all participants meeting
the guidelines of 60-min per day in MVPA.> When compared to
children without ASD.

Since physical activity tends to decline among children in
general6 as they get older,’® including among those with ASD,>’
and unique characteristics of children with ASD may influence
physical activity behaviors,>> it is necessary to understand the
factors that impede or enable their participation. Due to the
complex, multifactorial nature of physical activity determinants,
researchers have turned to the social-ecological model as a means
to conceptualize determinants of physical activity in this pop-
ulation.®'° To date, this research has largely focused on individ-
ual, interpersonal, and organizational-level variables. Individual-
level factors associated with physical activity among children
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with ASD include motivation'"!?; age'>~'°; fitness levels'® and
interpersonal-level factors, such as social support from peers and
physical educators.'”'® Organizational factors, such as having
adequate physical education and recess time,”'? have also been
identified as having influence over physical activity participation.

In addition to the aforementioned individual, interpersonal, and
organizational-level variables, parent support for physical activity
has also been recognized as being a key correlate of physical activity
for children.”’~?> Among children without ASD, specific parental
support behaviors have been identified as being related to child
physical activity, including parent—child co-activity, praising the
child for being active, watching the child participate in physical
activity, providing transportation, monitoring the child's activity
levels, and supplying the child with physical activity equi-
pment.?%~23 Data, albeit limited, suggests that parental support for
physical activity may also be related to physical activity among
children with ASD. For example, a study?' surveyed 201 parents of
children with ASD in Canada and revealed that parent physical
activity support (intention and self-regulation for physical activity
support) was related to physical activity behaviors of their children
with ASD. However, to date, the specific parental support behaviors
that are related to physical activity among children with ASD are
unknown.

The social-ecological model of physical activity also suggests the
built environment can constrain or encourage physical activity
participation,’*?> and data gathered from children strongly sup-
port this concept.’®?’ Systematic reviews and meta-analyses
highlight how neighborhood walkability, active transportation
infrastructure, and the availability of parks and playgrounds are
important environmental determinants of physical activity levels of
children without ASD.?%° Photovoice'® and survey'"*? data from
children with ASD and their parents suggest the build environment,
such as the presence of parks, may be influential for physical ac-
tivity among children with ASD also. Further research is required to
test this perception. Perceptions of neighborhood safety have also
been identified as being related to physical activity of children with
ASD in some research,>! although other studies have revealed a lack
of a significant relationship in this regard.>” There is an urgent need
to comprehensively study how the environment relates to physical
activity among children with ASD, including utilizing objective
measures of proximity to neighborhood physical activity settings,
such as parks.

Thus, the primary aim of this survey study was to examine how
neighborhood environmental factors and parental support are
related to physical activity levels of children with ASD. A secondary
aim was to establish if the relationship between the environment
(physical and social) and physical activity is modified by de-
mographic factors. Moreover, as data were collected during the
COVID-19 pandemic, the researchers sought to establish if parental
COVID-related safety concerns were related to their support for
their child's physical activity behavior.

Methods
Study design and precruitment

This study adopted a cross-sectional study whose data for were
collected via an electronic survey administered to a purposeful
sample of parents and guardians of children (aged 10—17 years)
with ASD. The data were collected between October 2020 to
January 2021. A link to the study survey was disseminated via email
from organizations that serve individuals with ASD and their
families, and via advocacy organizations' social media sites. For
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example, advocacy groups from each state in the United States were
contacted and asked to disseminate the study survey link via their
social media pages. Parents/guardians were eligible to participate if
they reported to be a parent or guardian of a child aged 10—17 years
who had a diagnosis of ASD. Specifically, parents were eligible to
participate in they responded “yes” to the question “has a doctor or
other health care provider ever told you that your child has autism
or autism spectrum disorder?” Participants who completed the
survey were eligible to enter a draw for compensation for partici-
pation. The study protocol and materials were approved by the
ethical committee of the third researcher’s university.

Measures

The study survey, hosted on Qualtrics, included four sections (a)
demographics of the child with ASD; (b) environment character-
istics (including neighborhood, home, and parent support factors);
(c) physical activity levels, and (d) COVID-related information. In
total, the survey included 40 items.

Demographic questions

Eleven items queried demographic characteristics of the child
with ASD, including level of ASD symptom severity (mild, moder-
ate, severe), age, sex, living situation (lives with both parents, one
parent, non-parent caretakers/guardians), number of children with
and without ASD living in household, and diagnoses in addition to
ASD (open-ended).

Environmental characteristics: Neighborhood

Three neighborhood environment variables were included (a)
walking distance to the nearest park (distance to park), (b) walking
distance to child's school (distance to school), and (c) neighborhood
walkability score (walkability). To calculate these three variables,
parents reported the zip code of the home in which the child lives
and their school name. For distance to the park, each child's zip
code was entered into google maps search bar, and the “nearby”
feature was used to calculate the walking distance (in miles) to the
park closest to the child's home. To calculate the distance between
the child's home and school, the child's zip code and school name
were entered into google maps and the walking distance (in miles)
between both locations was calculated. This method has been
previously used for the calculation of travel distances to nearby
amenities, such as parks>>>* The child's home zip code was also
used to calculate their neighborhood walkscore®. The Walkscore
provides an objective indicator of neighborhood walkability.>
Finally, one question queried the presence of sidewalks in the
child's neighborhood, via a question adopted from a previous
study>®: “There are sidewalks on most of the streets in my neigh-
borhood” (1, strongly disagree, to 4, strongly agree).

Environmental characteristics: Parental support

Parent support behavior for their child's physical activity was
examined using three questions adopted from a previous study>’:
(a) how many days do you or a household adult watch this child
participate in sports or physical activity (days watching)? (b) How
many days do you or a household adult encourage this child to do
sports or physical activity (days encouraging)? And (c) How many
days do you or a household adult provide transport to a place where
this child can do sports or physical activity (days transporting)?

Physical activity
Physical activity was measured using a modified three-item
Godin Leisure Time Questionnaire.>®>° The questions queried:
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“During a typical 7-day period (a week), how many times on
average does your child do the following kinds of exercise more
than 15-min during their free time: (a) strenuous exercise (heart
beats rapidly) (e.g., running, jogging), (b) moderate exercise (not
exhausting) (e.g., fast walking, baseball, tennis), and (c) mild/light
exercise (minimal effort) (e.g., yoga, easy walking).

Weekly leisure activity scores (leisure score) were calculated using
the following formula: (9 x Strenuous) + (5 x Moderate) + (3 x Light).
Moreover, parents were asked how many days the child exercised,
played a sport, or participated in physical activity for at least 60 min
during the past week (Days PA 60 min). This item was derived from the
National Survey of Children's Health (NSCH), a national survey of
children's health administered annually by the U.S. Department of
Health and Human Services.*°

COVID-19 safety concerns

As data was collected during the world-wide COVID-19
pandemic, the researchers added three questions to examine how
COVID-19 influences parental perceptions of safety relating to
physical activity: (a) I am concerned with my child's safety during
physical activity, (b) I am more concerned with my child's safety
during physical activity because of COVID-19, and (c) My concerns
about safety during physical activity because of COVID-19 affects
my child's physical activity. Respondents answered using a five-
point Likert scale ranging from 1, not at all, to 5, totally.

Analysis

Data were extracted from the online survey platform to SPSS
(version 28.0). Pearson correlation and simultaneous multiple
regression were conducted to identify how variables were corre-
lated with each other and what variables predicted children with
ASD's physical activity variables (the leisure score and Days PA 60
min). For the regression, the assumption of normally distributed
residuals was not met for leisure score, which was positively
skewed. The data were log-transformed, resulting in normally
distributed residuals. Because the logarithm is undefined for O,
leisure scores of 0 (n = 9) were not included in these analyses,
therefore reducing the sample size.

In order to identify how higher or lower levels of COVID-related
safety concerns among parents would relate to their physical activ-
ity support behavior, the researchers used two groups, one group
with parents who reported no or little concern (n = 43) and another
group with parents who reported moderate, mostly, and totally
(n = 48), and ran a multivariate analysis of variance (MANOVA) to
compare the two groups' support behavior. Also, Pearson correlation
was used to detect significant relationships between parent support
behaviors, child's physical activity variables, and COVID-related
safety concerns. For any significant correlations identified in the
regression analysis, the researchers ran a mediation analysis to
identify ASD severity as a mediator using the PROCESS macro in SPSS
(ver 3.5.3). A linear regression was conducted first and then the
mediator was entered into the regression to check assumptions. The
output for each mediation analysis included a test of X predicting M
(path a), then X and M predicting Y (path b), and then X predicting Y
(path c). Distance to park (X), leisure score (Y), and Days PA 60 min
(Y) were entered in the analyses stepwise along with ASD severity
(M) to test the significance of the mediator. Having other disabilities
was a categorical variable, and thus, the researchers applied split file
to separate groups (yes and no groups) to identify how having other
disabilities change the correlations among variables that showed
significance in the regression analyses. The level of significance was
set at a p-value < .05 for all analyses.
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Results
Child demographics and data reduction

Ninety-two respondents provided useable data for physical ac-
tivity variables and demographic information. Table 1 shows de-
mographic information on the respondents' children with ASD.
There were missing data for the variables that queried the re-
spondents’ home address and child's school name, and thus, 64
respondents (69.5%) provided useable data for analyses for those
variables. The researchers ran analyses to see if any significant
differences in demographic characteristics would be found be-
tween the 64 and 92 respondents and confirmed there was no
statistically significant difference.

Neighborhood factors and physical activity

Distance to park significantly associated with both physical
activity variables including the leisure score (r = —0.333, p = .006)
and Days PA 60 min (r = —0.246; p = .036). Also, the Days PA
60 min variable significantly associated with the leisure score
(r = 0.513; p < 001). All other variables did not show significant
correlations with physical activity variables. Simultaneous multi-
ple regression showed that distance to school and distance to park
explained a significant amount of the variance in the leisure score
variable: R? = 0.144, F (2,60) = 5.065, p = .009. Distance to park
was a significant predictor of the leisure score with a negative
regression coefficient (t = —3.163, p < .002). Also, these variables
explained a significant amount of the variance in Days PA 60 min
variable: R? = 0.103, F (2,64) = 3.677, p = .031. Individual variables
were not significant predictors of Days PA 60 min. The mediation
analysis showed that none of the mediations were significant,
meaning that ASD severity was not a mediator of any relationship
between X and Y.

Parent support for physical activity

Simultaneous multiple regression identified the parents' phys-
ical activity support behavior explained a significant amount of the
variance in the leisure score (Table 2): R? = 0.101, F (3,80) = 3.009,
p = .035. No individual predictor had a statistically significant
regression coefficient. Similarly, parents’ physical activity support
behavior explained a significant amount of the variance in the PA
60 min variable (Table 3): R> = 0281, F (3,88) = 11483,
p = .000002. Days Encouraging was a significant predictor of the
Days PA 60 min, with a positive regression coefficient (t = 3.184,
p <.002).

The influence of COVID-19

The MANOVA showed that the parents’ physical activity support
behaviors were significantly different between the two groups of
COVID-related safety concerns, F (3,87) = 3.871, p = .012, Wilks’
A = 0.882 partial n? = 0.118. Tests of between-subjects effects
revealed that the Days Encouraging variable only showed a sig-
nificant difference between groups, F (1,89) = 7.670, p = .007,
partial n? = 0.0.79. The group with little to no concerns (n = 43)
reported 2.67 days for the Days Encouraging question whereas the
group who responded moderate to totally (n = 48) reported 1.92
days. COVID-related safety concerns were negatively correlated
with Days PA 60 min (r = —2.91, p <.01) and with Days Encouraging
(r=-0407,p < .01).
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Table 1
Demographic variables
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Variable Frequency (in %) Variable Frequency (in %)

Total N 92

Age M = 13.26 (SD = 2.210) Sibling Yes = 43 (46.7%)
With ASD = 17 (39.5%)
Without ASD = 26 (60.4%)
No sibling = 49 (53.3%)

Sex Male = 70 (76.1%) Severity Mild = 34 (37.0%)

Female = 22 (23.9%)

Other disabilities Yes = 52 (56.5%)

No = 40 (43.4%)

Moderate = 44 (47.8%)
Severe = 14 (15%)

Single parent = 18 (19.6%)
Both parents = 72 (78.3%)
No or other = 2 (1.1%)

Living with parent

Discussion

Ecological models of physical activity posit that a range of
physical and social environmental factors shape physical activity
behaviors.**> This study examined how environmental factors,
including the neighborhood environment and parental support,
were related to physical activity among children with ASD. Analyses
of data from children with ASD showed that distance to school and
to a nearby park, collectively, predicted leisure scores and days on
which the child participated in 60 min of physical activity. Distance
to park was independently a significant predictor of the time in
leisure physical activity and ASD severity did not influence this
relationship. Moreover, the parents' physical activity support be-
haviors together explained a significant amount of the variance in
the leisure score and in the number of days of 60 min of physical
activity. Notably, independent regression analyses showed that the
number of days on which the parents encouraged physical activity
significantly predicted the number of days the child engaged in at
least 60 min of physical activity. Finally, COVID-related safety
concerns were negatively correlated with the number of days of
60 min of child's physical activity and, pointing to a possible
mechanism underpinning this relationship, parents with little to no
concerns related to COVID-19 encouraged PA on significantly more
days as compared to parents who reported to be moderately to
totally concerned about COVID-19 in relation to their children's
physical activity. These findings extend our understanding of how
physical and social environmental factors are related to physical
activity among children with ASD, and provide insight into the
potential influence of COVID-19 on physical activity of children
with ASD.

The environment plays a key role in shaping the physical activity
opportunities available to children.**** For children without ASD,
several studies point to a positive relationship between proximity
to neighborhood parks and physical activity levels.*>*® Some data
suggests that parks may be an especially important resource for
families of children with ASD.!%'*° For example, a photovoice
study of 14 children with ASD revealed the presence of parks and
playgrounds to be one of the most frequently reported facilitators
to physical activity participation, noted by 45% of the sample.!”

Similarly, a survey study of 103 parents of children with ASD saw
almost a third of participants report that availability of affordable
community programs or locations, including public parks, as being
a critical factor in their child's level of engagement in and enjoy-
ment of physical activity.'' The current study provides further ev-
idence of this relationship, documenting with more objective data
of proximity to parks, and the importance of this setting for phys-
ical activity. Collectively, this evidence reinforces the importance of
place-based initiatives and interventions, such as the development
of accessible parks for groups at-risk of inactivity, such as children
with ASD.

Moreover, interventions should consider the environment
within which children with ASD reside and capitalize on local
resources. For example, a study*’ demonstrated the feasibility of a
web-based intervention that included providing the opportunity
for parents to share information and photographs of local physical
activities settings. Incorporation of local physical activity settings,
such as parks, into physical activity interventions may increase
the effectiveness and sustainability of interventions. However,
being in close proximity to a physical activity settings may not
always translate into more PA participation in children. Parents of
children with ASD may not have knowledge and skills to promote
their children's PA.*® A recent study*® explored parent-led inter-
vention strategies to increase fundamental motor skills in chil-
dren with ASD, and demonstrated that this type of intervention is
feasible and effective. In summary, interventions that consider
both local physical activity settings and the development of skills
in children to actively use these settings (e.g., motor skills) may
be optimal.

This study demonstrated that parent support behavior is an
important factor that contributes to physical activity in children
with ASD. This relationship is well-documented in studies of parent
support behavior for children without ASD.>® To the researchers’
knowledge, only one study’' has reported parent support behavior
as a significant predictor of children with ASD's physical activity.
This study reinforces these findings and thus should encourage
future research on parent support behavior for physical activity
among children with ASD. In particular, this study reported parent
encouragement for physical activity as a significant predictor of the

Table 2

Regression analysis predicting Leisure Score
Variable Unstandardized coefficients Standardized coefficients t p

B SE Beta(B)

Constant 2.785 207 13.474%x* <.000002
Days watching 157 .096 .194 1.631 .107
Days encouraging 143 .081 213 1.758 .083
Days transporting -.031 .091 .042 -.342 733

Note: Constant = 2.785, F(3,80) = 3.009*, p = .035, R? = 0.101.
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Table 3

Regression analysis predicting days PA 60 min
Variable Unstandardized coefficients Standardized coefficients t p

B SE Beta(p)

Constant .641 361 1.776 .079
Days watching 342 178 202 1918 .058
Days encouraging 476 149 332 3.184%** .002
Days transporting 201 172 125 1.167 246

Note: Constant = 0.641, F(3,88) = 11.483**, p = .000002, R? = 0.281.

number of days of which a child engaged in at least 60 min of
physical activity. Future research should seek to deepen our un-
derstanding of how parents of children with ASD can best support
and encourage their child's physical activity. Moreover, this study's
data underpin the strategy of incorporating parents into in-
terventions to increase physical activity among children with ASD,
as demonstrated in recent studies.”"”? The current study did not
show a correlation between the child demographic variables and
parent support behaviors, with the exception of having other dis-
abilities. Having other disabilities was significantly correlated with
the number of days a parent spent watching their child engage in
physical activity. This is understandable as there may be a need for
parents of children with multiple disabilities to supervise their
child's physical activity more than parents of children who have
ASD only.

The COVID-19 epidemic has had profound effects on physical
activity levels of children without ASD in the US,>>>* with some
data suggesting a similar trend among children with ASD.>>° This
study sought to examine if parent concerns for COVID-19 and
parent support behaviors may be one potential cause of this trend.
Indeed, data showed that parents with higher COVID-19 related
concerns for their child's physical activity participation tended to
show lower support behaviors, especially fewer days on which they
encouraged their child's physical activity. As fewer days on which
parents’ encouraged physical activity was negatively correlated
with the numbers of days on which a child participated in at least
60 min of PA, this finding may point to a mechanism by which the
COVID-19 pandemic influences physical activity of children with
ASD. This may reflect prior parent-reported data which suggest
children with ASD are faced with barriers to physical activity during
COVID-19 despite of an awareness of benefits of physical activity.®
The finding of this study may support the need to explore the
dilemma parents of children with ASD experience during the
COVID-19 as they balance their child's safety and physical activity.

Several limitations should be considered in interpreting and
generalizing this study's findings. First, this study included a
relatively small sample size. Moreover, several parents opted to
not share their zip code/address and child's school name, thus
further reducing the sample size for certain analyses. Second, this
study was cross-sectional rather than longitudinal, and so the
direction of the relationships cannot be ascertained. Third, several
factors that may mediate the relationships between physical and
social environments and physical activity of children with ASD
were not examined. For example, to maintain a survey instrument
that was not overly burdensome, the researchers did not query
topics such as the number of siblings and parents in the child’s
household, active transportation amenities within the neighbor-
hood (e.g, bike paths, sidewalks), and types of parks and park-use.
In addition, this study did not take into account parents' physical
activity and physical activity background (e.g., athletic back-
ground) although parent physical activity might be a factor
associated with the child's physical activity.’” Fourth, this was a
survey study based on parent-report data; thus, some caution is

required when interpreting results. Of most importance, perhaps,
future research is needed that incorporates objective measures of
physical activity (e.g., accelerometer, pedometer). Finally, this
study used google maps to identify the distances from the chil-
dren's home to the nearest park and the child's school. Despite the
use of this method in prior research®>* the accuracy of this data
is subject to the neighborhood features remaining unchanged
since development of the google maps for each child's neighbor-
hood. Tracking the movement of children with ASD using global
positioning system (GPS) devices and assessing their physical
activity using accelerometry may provide more reliable data on
the contribution of local amenities, such as parks, to physical ac-
tivity among children with ASD.
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