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Young children with developmental disabilities (< 12 years old) participate less in
physical activity (PA) and experience motor skill deficits compared to young children
without disabilities (Jung, Leung, Schram, & Yun, 2018; Liu, Hamilton, Davis, & ElGarhy,
2014; Whyatt & Craig, 2012). When taking account of a bi-directional relationship between
PA behaviors and motor skills (Stodden et al., 2008), the development of motor skills and PA
behaviors may be more complex in young children with developmental disabilities (DDs),
based on a variety of factors. Even though it has been widely known that parents play an
important role in developing physical activity behaviors and motor skills in typically
developing (TD) young children, less is known about how parents of young children with
DDs influence their children’s PA behaviors and motor skills. In order to promote physical
activity behaviors and motor skills of young children with DDs within the context of family,
it is important to understand the pathway between parental behaviors (e.g., parental support,
explicit modeling, and PA orientations) and PA behaviors and motor skills in young children
with DDs.

The current study examined (a) the influence of parental PA orientations and support
on PA behaviors in young children with DDs and (b) the influence of parental support and
explicit modeling on motor skills in young children with DDs. The first manuscript utilized
and modified Loprinzi’s conceptual model (Loprinzi and Trost, 2010) as a framework to
examine the pathway between parental PA orientations and supports, and PA behaviors in
young children with DDs. Participants consisted of one hundred and thirty-two parents of
young children (5 years to 7 years and 11 months) with DDs who completed internet-based
surveys anonymously. The path analysis indicated that parental enjoyment and parental PA
behaviors influenced parental tangible support, which in turn, influenced PA behaviors in
young children with DDs. In addition, parental importance of PA and parental PA behaviors
influenced parental intangible support, which in turn, influenced PA behaviors in young
children with DDs. The second manuscript examined the pathway how parental support and
explicit modeling influenced motor skills in young children with DDs. Participants consisted
of one hundred and thirty-two parents of young children (5 years to 7 years and 11 months)
with DDs who completed internet-based surveys anonymously. The pathway analysis
indicated that parents of young children with DDs indirectly influenced their children’s
motor skills by supporting their children’s PA and acting as a PA role model.
Based on an existing literature, focused on the PA behaviors of young children
without disabilities and the findings of the present study, parents play a significant role in
promoting PA behaviors and motor skills in young children, including children with DDs.
Thus, supporting PA behaviors is critical for optimal development. For example, bringing
children to the park and/or playground, doing PA together and encouraging their children’s
PA participation would be helpful to allow young children with DDs to participate in PA.

Future studies should examine underlying mechanisms, examining what child-related factors
such as PA and barrier self-efficacy are influenced by parental support in young children
with DDs to more clearly capture the relationship of parents in supporting their children’s
physical activity and motor skill development.
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Chapter 1. General Introduction

2

The Role that Parents Play in the Development of Physical Activity Behaviors and Motor
Skill Development in Young Children with Developmental Disabilities.
Developmental disabilities (DDs) refer to combined conditions caused by an
impairment in physical, learning, language, or behavior areas (Centers for Disease Control
and Prevention [CDC], 2011). DDs include, but are not limited to, attentiondeficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), cerebral palsy (CP),
hearing loss (HL), intellectual disability (ID), vision impairment (VP), and other
developmental delays. DDs are a global health issue among all racial, ethnic, and
socioeconomic groups (CDC, 2011). Moreover, according to data on the prevalence of
developmental disabilities in the United States, one in six (~14%) children aged 3 through 17
years had one or more developmental disabilities in 2006 – 2008 (Boyle et al., 2011).
Individuals with DDs often experience reduced access to social support for physical
activity (PA) participation (Rimmer, Riley, Wang, Rauworth, & Jurkowski, 2004). A
systematic review of 14 studies confirmed that families of children with disabilities
encounter barriers to PA (Shields, Synnot, & Barr, 2012). Common barriers identified in this
review included parental concerns about physical activity, negative societal attitudes about
disability, and inadequate facilities for people with disabilities. In addition to other barriers to
PA, the inadequacy of children’s motor skills sometimes results in less PA/sport participation
for young children (Barnett, Morgan, Van Beurden, Ball, & Lubans, 2011; Fisher et al.,
2005; Williams et al., 2008). Similarly, a systematic review of 30 studies confirmed that
school-aged children (5 – 18 years old) with intellectual disabilities (ID) tend to have lower
levels of PA than typically developing (TD) children (Hinckson & Curtis, 2013). More
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recently, a meta-analysis study (Jung, Leung, Schram, & Yun, 2018) also confirmed that
young children (< 12 years old) less participate in PA compared to TD children.
In addition to low PA level, young children with DDs also often experience motor skill
deficits (Barkley, 2014; Hartman, Houwen, Scherder, & Visscher, 2010; Liu, Hamilton,
Davis, & ElGarhy, 2014; Whyatt & Craig, 2012). One study found that locomotor and object
control skills of young children (aged from 5 – 10 years) with ASD were statistically
significantly lower than those of young children without ASD (Liu, Hamilton, Davis, &
ElGarhy, 2014). Another study, conducted by Hartman et al. (2010) also found that young
children (7 – 12 years old) with mild ID had significantly lower locomotor skills compared to
TD children.
Given that regular PA participation and motor skill development provide a wide range
of benefits, from cardiovascular function (Oliveira, Patin, & Escrivão, 2014), mental health
and weight management (CDC, 2015), optimal physical (Clark, 1994), social (Leonard &
Hill, 2014) development, and daily activities (Marr, Cermak, Cohn, & Henderson, 2003), it is
important for children with DDs to maintain adequate PA levels and motor skills. Moreover,
because childhood is considered a critical stage in developing life-long healthy habits and in
benefiting long-term health outcomes, it is necessary to start to establish good PA behaviors
and acquire appropriate motor skills in the early years (Campbell et al., 2014; Timmons et
al., 2012; HHS, 2008).
Children’s PA behaviors and motor skill development can be significantly affected by
parental behaviors and/or support (Beets et al., 2010; Jago et al., 2011; Rebold, Lepp, Kobak,
McDaniel, & Barkley, 2016; Barnett, Hinkley, Okely, & Salmon, 2013; Bindman, Skibbe,
Hindman, Aram, & Morrison, 2014; Reed & Brill, 1996). However, most of this work
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focused on the association between parental behaviors and the PA and motor skill behaviors
of children without disabilities, little is known about the influence of parental behaviors on
PA behaviors and motor skill development of young children with DDs. Loprinzi and Trost
(2010) proposed a conceptual model to explain various key parent-related factors (e.g.,
parental PA behaviors, attitude towards PA and support) that influence pre-school-aged
children’s PA. In this model, parental support served as a significant mediator in the
association between parental orientations (e.g., parental PA behaviors, attitude towards PA)
and a child’s PA behaviors at home. Moreover, parental PA and parents’ perception of their
children’s physical competence were directly and positively associated with parental support.
This model may be helpful as a way to understand the association between parental behaviors
and the PA behaviors of young children with DDs. However, given that parents of children
with DD may apply different types of parental behaviors and support compared to parents of
TD children (Ku, Stinson, & MacDonald, 2019) especially, when approaching their child’s
health promotion (Antle, Mills, Steele, Kalnins, & Rossen, 2008), the influences of parents of
children with DDs in supporting PA behaviors of their children should be cross evaluated.
In addition to their influence on a child’s PA behaviors, parents may also influence
their child’s motor skill development (Reed & Brill, 1996; Wasenius et al., 2017; Zask, Kaye
Adams, Owen Brooks, & Frances Hughes, 2012). Based on the field of promoted action
(Reed & Brill, 1996), parents play an important role in developing their children’s motor
skills. Within this theory, parents influence their children’s motor skill development by
organizing and providing PA. This theory implies that children’s movement may vary based
on how parents reinforce their children’s activities (e.g., physical activity settings vs
sedentary activity settings). If parents support their children’s PA, children participate more
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in PA andin turn, children develop their motor skills through repetitive body movements
during the PA. On the contrary, if parents do not support their children’s PA, their children
participate less in PA, which in turn provides fewer opportunities to practice and thus acquire
motor skills. Even though the concept of field of promoted action and other empirical studies
clearly highlight the importance of parental support in developing children’s motor skills,
the influence of parental support on the motor skill development of young children with DDs
has not been extensively studied.
Given the need for a better understanding of the influence of parental behaviors on
PA behaviors and motor skill development in young children with DDs, the purpose of this
study was to examine parental influences on both PA behaviors and motor skills in their
young children with DD respectively. The following specific aims and questions were
addressed by this work:
Aim 1: To examine the influence of parental PA orientations and support on PA behaviors in
young children with DDs.
Question 1: How does parental support mediate the associations between parental PA
orientations and the PA behaviors of young children with DDs?
Question 2: How do parental PA and parent’s perception of their young child’s motor
skills directly influence the PA behaviors of young children with DDs?
Aim 2: To examine the influence of parental tangible support and explicit modeling on motor
skills in young children with DDs.
Question 1: How do child’s PA behaviors mediate the association between parental
PA behaviors (i.e., parental PA tangible support and explicit modeling) and motor skills of
young children with DDs?
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Question 2: How do parental tangible support directly influence motor skills of young
children with DDs?

Assumptions
1. All participants completed the survey honestly
2. Parents of young children with DDs will acknowledge their children’s physical
activity behaviors and physical competence
3. Survey measures used in this study are capable of providing evidence of valid and
reliable scores.
Delimitations
1. Parents who had young children with developmental disabilities (5 – 7 years and
11months old).
2.

Parents had a personal email and internet access to participate in this study.

3.

Parents who were involved some disability-related organizations

4.

Parents who had Facebook accounts

Operational Definitions
1. Developmental disabilities – Developmental disabilities refer to combined conditions
caused by an impairment in physical, learning, language, or behavior areas (CDC,
2011). It includes, but not limited to attention-deficit/hyperactivity disorder (ADHD),
autism spectrum disorder (ASD), cerebral palsy (CP), hearing loss (HL), intellectual
disability (ID), vision impairment (VP), and other developmental delays.
2. Physical activity – Any bodily movement produced by the contraction of skeletal
muscle that increases energy expenditure above a basal level (CDC, 2015).
3. Motor skills - The term motor skills refers to a voluntary goal-oriented movement that
is learned or relearned and requires the use of limbs and skills in which both the
movement and the outcome of action are emphasized (Skinner & Piek, 2001).
4. Physical competence – One’s overall confidence in their abilities on physical tasks
(Harter, 1982)
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5. Parental behaviors – Guardian’s/Caregiver’s observable action interacting with their
child
6. Parental support – The functional characteristics associated with the interactions
between a parent and his or her children in the context of intentionally participating
in, prompting, discussing, and/or providing activity-related opportunities (Beets,
Cardinal, & Alderman, 2010).
7. Parental tangible support – Overt behaviors performed by parents that directly
facilitate their children’s involvement in activity (Beets et al., 2010).
8. Parental intangible support – Verbal encouragement towards their children to
participate in sports or physical activities and praise for involvement and effort (Beets
et al., 2010).
9. Parental enjoyment of physical activity – The degree to which a parent feels
enjoyment of physical activity
10. Perceived importance of child physical activity – The degree to which a parent
considers physical activity is important for their child
11. Parents’ perceptions of their children’s physical competence – Parent’s perception of
the ease or difficulty of physical competence in their child
12. Field of promoted action – Parents intervenes in shaping child development by
creating circumstances that encourage the building and exercising of particular motor
capacities required for effective participation in cultural activities (Reed and Brill
1996)
13. Parental explicit modeling – the extent to which parents used their own behavior to
encourage their children to be active (Davison, Cutting, & Birch, 2003)

8

Chapter 2. Manuscript 1

Parental Influence on the Physical Activity Behaviors of Young Children with
Developmental Disabilities

9

Abstract
Little is known about the pathway examining how parents influence physical activity (PA)
behaviors in young children with developmental disabilities (DDs). The purpose of this study
was to examine the influence of parental PA orientation and support on the PA behaviors of
young children with DDs. One hundred and thirty-five parents of young children (five to
seven years and 11 months old) with DDs completed a questionnaire including their PA
orientations (i.e., parental physical activity, parental enjoyment of PA, parental perceived
outcome expectancy of child PA, parental awareness of accessible PA environment, and
parent’s perceptions of their children’s motor performance), PA support (i.e., parental
tangible support and parental intangible support) and their children’s PA behaviors. The
pathway analysis was conducted to examine how the parental tangible and intangible
supports, mediated the association between parental PA orientations and PA behaviors in
young children with DDs. The results indicated that both parental tangible and intangible
supports significantly influenced PA behaviors in young children with DDs. Parental PA
behaviors and parental enjoyment of PA positively influenced parental tangible support,
however, parental PA and parental perceived outcome expectancy of child PA significantly
influenced PA behaviors in young children with developmental disabilities. In addition,
parent’s perceptions of their children’s motor performance and parental PA behaviors
directly influenced PA behaviors in young children with development disabilities. These
results highlight the importance of parental support for PA behaviors in young children with
developmental disabilities. Interventionists should use these results as a guide when
developing family-based PA intervention for young children with DDs by focusing on how
to increase parental support in parents of young children with DDs.
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Parental Influence on the Physical Activity Behaviors of Young Children with
Developmental Disabilities

Regular participation in physical activity (PA) provides a number of health benefits to
individuals (US Department of Health and Human Services [HHS], 2008). Benefits of PA
include, but are not limited to brain and cognitive development (Chaddock-Heyman,
Hillman, Cohen, & Kramer, 2014), cardiovascular function (Jenkins, Evenson, Herring,
Hales, & Stevens, 2017), mental health, and weight management (Centers for Disease
Control and Prevention [CDC], 2015). Recently, a study found that moderate-vigorous
physical activity (MVPA) made a significant difference in risk factors associated with
cardiovascular disease across four groups (youth ages 6 – 17 years old) which had different
PA levels (Jenkins et al., 2017). In Jenkins’s study the most active group (1135.2 ± 19.5 PA
counts/minute/day) had significantly lower systolic blood pressure, lower glucose, and lower
insulin levels compared to the least active group (343.2 ± 3.0 PA counts/minute/day). As
childhood is considered a critical stage in developing life-long healthy habits, which
ultimately improve long-term health outcomes (Campbell et al., 2014; Timmons et al., 2012;
HHS, 2008), it is important to build positive habits during this developmental period, such as
high physical activity and low screen time from an early childhood.
However, individuals with developmental disabilities (DDs) often experience reduced
access and lack of social support to PA participation (Rimmer et al., 2004). A systematic
review, including 14 studies, confirmed that families of children with disabilities encounter
barriers to PA participation that are not shared by families of children without disabilities
(Shields, Synnot, & Barr, 2012). Findings from this study indicated that barriers included but
were not limited to a child’s lack of skills, parental concerns about their child’s safety,
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negative societal attitudes toward disability, and inadequate inclusive facilities. Moreover, a
systematic review, including 30 studies, confirmed that school-aged children (5 – 18 years
old) with intellectual disabilities (ID), tend to have lower levels of PA compared to typically
developing (TD) children (Hinckson & Curtis, 2013). This review also indicated that a
possible explanation for the difference in PA behaviors between children with ID and TD
children may be that disability adds additional barriers that are not experienced by TD
children. As children with DDs encounter barriers to participation in PA and have lower PA
levels compared to children without disabilities, their current and future health outcomes are
worrisome.
Children’s PA behaviors are directly and indirectly affected by parents (Beets et al.,
2010; Loprinzi & Trost, 2010; Trost et al., 2003). A study examining the effect of parent
engagement in their child’s PA level found that when parents were directly engaged in PA
(directly participating with the child), their children were more likely to be engaged in PA
(Rebold, Lepp, Kobak, McDaniel, & Barkley, 2016). In addition to parents’ engagement in
their child’s PA, the social support (i.e., prompting, discussing, and providing activity-related
opportunities) of parents, has a significant impact on a child’s PA. In a systematic review,
including 14 studies, parent financial support and behavioral modeling were important
factors that influenced their child’s PA behaviors (Beets et al., 2010). This review indicated
that the more parents financially supported their child, such as by purchasing equipment and
paying participation fees, the more their children participated in PA. Moreover, providing
logistical support (e.g., providing transportation and registering their child in PA-related
programs) to their children enhanced the child’s participation in PA (Jago et al., 2011).
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Even though a large body of literature indicates that parents play an important role in
their child’s PA, most studies focused on the PA of TD children, and the parental influence
on PA in children with DDs has not been extensively studied. Parents of children with DDs
may apply different types of parental behaviors and support compared to parents of TD
children such as parental overprotection (Pinquart & Pfeiffer, 2011) when approaching their
child’s health promotion (Antle et al., 2008). Moreover, parents of children with disabilities
encounter various barriers that parents of children without disabilities do not experience
(Njelesani, Leckie, Drummond, & Cameron, 2015) such as finding accessible PA
environment and needing specialized PA supports. In this study, parents of children with
disabilities reported that it is challenging for them to support their children’s PA because of
other priorities including providing extra child care, visiting medical doctors, and no
available inclusive PA facilities. Thus, parents of children with DD and parents of TD
children may influence their child’s PA in different ways.
A few studies examined the effect of parent-related factors on PA behaviors of
children and youth with disabilities (Pitchford, Siebert, Hamm, & Yun, 2016; Siebert,
Hamm, & Yun, 2017). Pitchford and collegues (2016) found that parental perception of their
child’s PA benefit positively influenced PA behaviors of children with disabilities. Another
study also found that parental support and perceptions of their child’s physical confidence
were significant influencing factors for PA behaviors of youth with disabilities (Siebert,
Hamm, & Yun, 2017). However, these specific studies focused on older children with
disabilities. The association between parental influence and PA of young children with DDs
is a missing gap in research. A study found that the effect of parents on children’s PA can
vary based on their children’s age (young children vs. old children) (King et al., 2009). This
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study examined which parent-related factors predicted PA behaviors for two different age
groups (6 – 10 years old and 11 – 15 years old). For the younger age group, parental
perception of their child’s behavioral functioning (e.g., child’s emotional regulation and
prosocial behavior) was positively related with their child’s PA behaviors. However, this
factor was no longer predicting the PA behaviors of the older age group, whereas, parent’s
ethnicity (Caucasian vs. non-Caucasian) was a significant predictor for the older age group.
As the effect of parents on PA behaviors of children varied based on their child’s age, the
effect of parents on PA behaviors of young children with DD is should be examined.
Loprinzi and Trost (2010) proposed a conceptual model explaining various parentrelated key factors that influence pre-school aged children’s PA. This model clearly
explained the pathways of parent PA orientation (e.g., parental PA, parental PA enjoyment,
parental PA importance, and parent’s perception of their child’s physical competence and
parental support) on their child’s PA at home. In this model, parental support was a factor
that directly influenced children’s PA at home. Moreover, parental support was significantly
affected by parental perceptions of their child’s physical competence and their own PA.
Although this model adequately explained the pathway of parental influences on their child’s
PA, it is not without limitation. According to the definition of parental support in the context
of a child’s activity (Beets et al. 2010), parental support can be divided into two types;
tangible and intangible support. Parental tangible support refers to overt behaviors performed
by parents that directly facilitate their children’s in PA, however, parental intangible support
refers to parental covert behaviors including verbal encouragement and praise towards their
children to participate PA (Beets et al. 2010). Even though, these supports are conceptually
distinctly different from each other, in Loprinzi’s model (Loprinzi & Trost, 2010), parental
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support (mediator) was treated as a single construct without clear differentiation between the
type of parental support (tangible vs. intangible support). If the parental support domain
would be separately tested, it would provide a clearer framework indicating which parental
support is associated with PA behaviors in young children with and without DDs.
In order to better explain which type of parental PA orientations are associated with
parental tangible and intangible support in parents of young children with DDs, a new factor,
not included in the Loprinzi’s model was included in the present study. A systematic review
conducted by Shields and Synnot (2016) found that parent’s awareness of inclusive
recreation programs and disability-knowledgeable staff served as facilitators for PA
behaviors of children with disabilities. The more parents are aware of accessible PA
environments, they are more likely to provide PA opportunities to their children with DD. As
the awareness of accessible PA environments is considered as a PA barrier in family of
children with DDs (Shields & Synnot, 2016), this construct may appropriately explain
parental support of parents of young children with DDs (for the proposed conceptual model,
see figure 1).
Therefore, the purpose of this study was to examine the influence of parental PA
orientation and support on the PA behaviors of young children with DDs. It was
hypothesized that the association between parental PA orientations and young children’s PA
behaviors would be mediated by parental support. It was also hypothesized that parental PA
and parent’s perception of their children’s motor performance would directly influence PA
behaviors of young children with DDs. These hypotheses were developed based on the
previous study (Loprinzi and Trost, 2010).
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Figure 1. The modified Loprinzi’s conceptual model
Methods
The present study was a cross-sectional study, which used comprehensive survey
assessments and the survey was administered through the Qualtrics survey system (industry
survey tool).
Sample
One hundred and thirty-five participants were recruited through various
developmental disability-organizations and Facebook advertisements - including the Children
and Youth with Disabilities Laboratory webpage from July 2018 and February 2019. Study
eligibility criteria included a parent and/or primary caregiver over the age of 18 years with a
child between five to seven years and 11 months old with a DD (e.g., autism spectrum
disorder, intellectual disability, cerebral palsy, visual impairment, attention-deficit hyper
activity disorder, hearing loss and developmental delay) per parental report.
Measures
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An online survey was used in the current study and included eight sections: (a)
demographic information (e.g., parent age, gender, ethnicity, child age, gender, ethnicity,
parent highest education level, income, and diagnosed child’s disability), (b) parental PA
behaviors, (c) enjoyment, (d) importance of child’s PA, (e) perceptions of their children’s
physical competence, (f) awareness of accessible PA facilities and (g) child’s PA behaviors.
Parental PA. Parental PA was measured using the International Physical Activity
Questionnaire short form (Craig et al., 2003). Parents were asked to report the number of
days and total amount of time in a physical week that they “walked continuously for 10
minutes”; “did vigorous physical activities that make you breathe hard”; and “did moderate
physical activities.”. In order to calculate the total time spent in PA, these data were
combined. This measurement tool shows acceptable validity and reliability for measuring
physical activity in adults (Craig et al., 2003).
Parental enjoyment of PA. To measure parent’s PA enjoyment, the Physical
Activity Enjoyment Scale (PACES) was used (Kendzierski & DeCarlo, 1991). Parents were
asked to rate the enjoyment of their PA or exercise participation (e.g., “please rate how you
feel at the moment about the physical activity you have been doing?”). The original scale has
18 items, including but not limited to “I enjoy it, I feel bored”, “it’s very pleasant” and “I
find it pleasurable” and the items are rated on a 7-point Likert scale ranging from 1 to 7. For
this current study, the short form of PACES, containing 8 items was used. A previous study
(Raedeke, 2007) tested the content validity of the short form among four expertise and
examined the content validity: r = 0.94. In the current study, the internal consistency of this
scale was 𝛼 = .96.
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Perceived outcome expectancy of child PA. Parents were asked to rate the outcome
expectancy of their child PA, containing nine questions (Dishman et al., 2005). This item was
rated on a 5-point Likert scale ranging from 1 = “Disagree a lot” to 5 = “Agree a lot”. The
outcome expectancy questionnaire has good internal consistency reliability (Cronbach 𝛼
0.72). This questionnaire was adapted for the purpose of this study. For example, if a
question was “physical activity would put me in a better mood”, it was changed to “physical
activity would put my child in a better mood”. In the current study, the internal consistency
of this scale was 𝛼 = .87.
Parental awareness of accessible PA environment. Parents were asked to rate their
awareness level regarding information concerning accessible PA environments. It included
“How aware are you of accessible programs (e.g., a program that includes a child with and
without a disability)”, “How aware are you of sport and physical activity facilities and/or
programs to meet your child’s needs?” and “How aware are you of sport and physical
activity program where staff has special training to work with your child?”. The items were
rated on a 5-point Likert scale ranging from 5 = “sufficiently aware” and 1 = “not sufficiently
aware”. In the current study, the internal consistency of this scale was 𝛼 = .93.
Parents’ perceptions of their children’s motor performance. The actual and
perceived physical competence (APPC) used in Loprinzi’s model (2010) was not a parentproxy report, but a child-based survey. Moreover, it was originally designed to measure
physical competence of children without disabilities. As children with developmental
disabilities often experience motor skill deficits (Frey & Chow, 2006; Nickel, Thatcher,
Keller, Wozniak, & Iverson, 2013; Provost et al., 2007), it is important to capture a clear
view of parents’ perceptions of their children’s motor performance. Thus, this construct was
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measured using the Developmental Coordination Disorder Questionnaire (DCDQ), a parent
questionnaire, created to evaluate motor difficulties in children from 5 – 15 years old
(Wilson, Kaplan, Crawfrd, & Roberts, 2007). The validity of this tool has been wellsupported by prior research (Cairney, Missiuna, Veldhuizen, & Wilson, 2008; Tseng, Fu,
Wilson, & Hu, 2010; Wilson et al., 2009) and thus, this measurement may allow parents to
appropriately examine their perception of motor performance in children with DD.
The tool has 15 questions with scales ranging from 1 = “Not at all like your child to 5
= “Extremely like your child”. The fundamental concept of this questionnaire is to ask
parents to evaluate their child’s motor skills (e.g., gross motor, fine motor, and general
coordination) by comparing their child to another child. The DCDQ provides acceptable
concurrent validity with Movement Assessment Battery for Children (r = .55) and Test of
Visual-Motor Integration (r = .42). In the current study, the internal consistency of this scale
was 𝛼 = .90.
Parental tangible support. Parental tangible support for their child’s PA was
measured using the three questions used in a study conducted by Loprinzi and Trost (2010)
and one created question for the purpose of this current study. Parents were asked to rate
“How often do they provide the following types of support for their child’s PA or sports?”.
The following types of tangible support included (a) “done a physical activity or played
sports with their child”; (b) “provided transportation so their child could go to a place where
he or she can do physical activities or sport; and (c) “watched their child participate in
physical activity or sport”. In addition to the three types of support from the previous study,
one additional item was included in this construct; (d) “organized/structured physical activity
environment so their child engaged in PA”. This question was created based on the concept
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of the field of promoted action. All questions were rated on a 5-point scale ranging from 1 =
“none” to 5 = “daily”. In the current study, the internal consistency of this scale was 𝛼 =
.81.
Parental intangible support. Parental intangible support for their child’s PA were
measured using the two questions used in a study conducted by Loprinzi and Trost (2010)
and one question from Beets, Cardinal and Alderman (2010). Parents were asked to rate
“How often do they provide the following types of support for their child’s PA or sports?”.
The following types of intangible support included (a) “encouraged their child to do physical
activities or play sports; (b) “told their child that physical activity is good for his or her
health.”; and (c) “praised their child when he/she participates in physical activity”. All
questions were rated on a 5-point scale ranging from 1 = “none” to 5 = “daily”. In the current
study, the internal consistency of this scale was 𝛼 = .74.
Child PA measures. The Modified Physical Activity Questionnaire for Children
(MPAQ-C), containing six items was used to assess children’s PA (Leung, Chung, Ransdell,
& Gao, 2016). This questionnaire is a parent-proxy report and developed based on an initial
questionnaire, examining children’s PA participation after school time during the past 7 days
(Crocker, Bailey, Faulkner, Kowalski, & McGrath, 1997). All items were rated on a 5-point
scale ranging from 1 = “none” to 5 = “6 to 7 times last week”. The 2-weeks test-retest
reliability for this measure was r = 0.94 and the convergent validity of this measure is r = .63.
In the current study, the internal consistency of this scale was 𝛼 = .95.
Data analysis
Descriptive analysis (means and standard deviations) was conducted for demographic
information. For missing data regarding included variables, Little’s Missing Completely at
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Random (MCR) was performed (Little, 1988). Maximum likelihood imputation was used to
replace missing values because the result is not statistically significant. Path analysis was
performed to test whether a multivariate set of variables fit with the conceptual model. The
model fit criteria included: the chi-square index (pN0.05), comparative fit index (CFI, n0.90),
root mean square error of approximation (RMSEA, b0.10) and standardized root mean square
residual (SRMR, b0.05). Alpha was set at 0.05 for all regressions. All analysis was
conducted through AMOS. 25.
Results
Descriptive analysis
Descriptive statistics for participants are shown in table 1. Seven variables (parental
tangible support, parental intangible support, parental importance of PA, parental enjoyment
of PA, parental perceptions of their children’s motor competence, parental awareness of
inclusive environment, and parental PA) had some missing data ranging from .00 to 2.9%.
However, the variable, children’s PA behaviors had relatively large missingness (19%). In
order to control for missing values of variables included in the survey, a Missing Values
Analysis was conducted. The Little’s test of Missing Completely at Random (MCAR) was not
significant (𝒳 2 = 2193.01 DF = 2146, 𝑝 = .24), which indicated that the missing values in
the survey were likely to be at random rather than a systematic bias. Thus, the missing values
of the seven variables, which had lower missingness (i.e., .00 to 2.9%) were replaced using the
Expectation-Maximization (EM) algorithm. The variable, children’s PA behaviors, which had
larger missingness (i.e., 19%) was replaced by multiple imputation algorithm. The multiple
imputation has widely been known for replacing relative large missingness (e.g., 10% - 50%)
(Zhang, 2007).

21

Descriptive statistics for parental PA orientation variables (parental awareness of
accessible PA environment, parental enjoyment of PA, parental physical activity, parental
importance of PA, and parental perceived motor competence), parental support variables
(parental tangible and intangible PA supports) and parental-reported child PA were calculated
(see table 2). An independent t-test was conducted to identify child sex differences in the study
variables and revealed no statistically significant difference. For correlation matrix of all study
variables, see table 3.
Table 1. Characteristics of participants
Variable

n = 135

Caregiver age (years)

36.08 (8.21)

Caregiver gender
Male
Female

5 (3.7%)
130 (96.3%)

Relationship with child
Mother
Father
Other

117 (86.7)
5 (3.7%)
12 (9.6%)

Caregiver education
Middle school
High school
College (2 years)
College (4 years)
More than college level
Don’t want to answer

2 (1.5%)
24 (17.8%)
44 (32.6%)
28 (20.7%)
34 (25.2%)
3 (2.2%)

Caregiver ethnicity
White/Caucasian
Black/African American
Hispanic/Latino
Asian
Other
Don’t want to answer

116(85.9%)
4 (3.0%)
4 (3.0%)
3 (2.1%)
4 (3.0%)
4 (3.0%)

Child Age (months)

78.20 (10.44)
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Child sex
Boy
Girl

83 (61.5%)
52 (38.5%)

Child disability status
Autism spectrum disorder
Attention deficit/hyperactivity disorder
Down Syndrome
Cerebral Palsy
Prader Willi Syndrome
Other

68 (50.4%)
14 (10.4%)
6 (4.4%)
12 (8.9%)
9 (6.7%)
26 (19.3)

Receiving IEP Service
Yes
No
Don’t want to answer

102 (75.6%)
29 (21.5%)
4 (3.0%)

Living Area
Urban
Rural
Don’t want to answer

74 (54.8%)
54 (40.0%)
7 (3.7%)

Table 2. Mean and standard deviation of study variables

Variable

Full sample (n = 135
/ mean and standard
deviation)

PBDD (n = 83)

PGDD (n = 52)

Parental awareness of accessible PA
environment

2.71 (1.41)

2.54 (1.42)

2.97 (1.35)

Parental PA enjoyment

4.10 (1.61)

4.00 (1.57)

4.26 (1.70)

Parent physical activity (min/wk)

288.78 (440.18)

280.61 (459.3)

301.82 (411.86)

Parental PA importance

3.49 (0.88)

3.53 (0.86)

3.41 (0.92)

Parent-reported child motor competence

34.29 (12.43)

33.41 (12.50)

35.70 (12.32)

Parental tangible PA support

3.53 (1.19)

3.47 (1.13)

3.65 (1.13)

Parental intangible PA support

4.27 (1.33)

4.31 (1.32)

4.22 (1.35)

23

Parent-reported child PA
2.62 (1.01)
2.69 (1.08)
2.61 (0.89)
Note: PBDD = parents of boys with developmental disabilities; PGDD = parents of girls with
developmental disabilities
Table 3. Correlation matrix.
Variables

1.

2.

3.

4.

5.

6.

7.

8.

1. PAW
1.0
2. PE
. 27∗∗
1.0
3. PPA
. 09
. 32∗∗
1.0
∗
4. PI
.16
. 17
-0.01
1.0
5. PPMC
.08
-0.1
-0.003
.14
1.0
6. PTS
0.14
. 24∗∗
. 37∗∗
. 26∗∗
.15
1.0
7. PITS
.05
.04
.16
. 32∗∗
.13
. 69∗∗
1.0
∗∗
∗∗
∗∗
∗∗
8. PRCPA
0.30
.14
. 32
. 26
. 24
. 52
. 47∗∗
1.0
Note: PAW = parental awareness of accessible PA environment; PE = parental PA enjoyment;
PPA = parent physical activity; PI = parental PA importance; PPMC = parent-reported child
motor competence; PTS = parental tangible PA support; PITS = parental intangible PA support;
PRCPA = parent-reported child physical activity.
**p <.05, **p <.001.

Path analysis
The model fit in the current study was acceptable (𝒳 2 = 18.50 𝑑𝑓 = 11 𝑝 = 0.07 ;
CFI = 0.96, RMSEA = 0.07 [90% C.I. 0.000 – 0.126], SRMR = 0.07). Of the five parental PA
orientation variables, parental PA enjoyment and parental PA were significant factors that
positively

influenced

parental

tangible

support

(𝛽 = 0.13 𝑝 < 0.04 𝑎𝑛𝑑 0.22, 𝑝 <

0.001, 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦). In addition, of the five parental PA orientation variables, parental
importance and parental PA were significant factors that positively influence parental
intangible

support

(𝛽 = 0.33 𝑝 < 0.001 𝑎𝑛𝑑 0.19, 𝑝 < 0.03, 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦).

Parental

intangible support was possibly associated with parental tangible support (𝛽 = 0.64 𝑝 <
0.001). In turn, parental tangible and intangible supports were directly associated with
children’s PA behaviors (𝛽 = 0.26 𝑝 < 0.01 𝑎𝑛𝑑 𝛽 = 0.24 𝑝 < 0.02, repectively). Parental
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PA and parental perceived motor competence had direct impacts on PA behaviors of young
children with DDs (𝛽 = 0.18 𝑝 < 0.02 𝑎𝑛𝑑 𝛽 = 0.17 𝑝 < 0.02, repectively). Parental PA
orientation variables (parental PA, PA enjoyment, PA importance, perceived children’s motor
competence, and awareness of inclusive PA environment) and parental intangible support
accounted for 57% of the variance in parental tangible support and the parental PA orientation
variables accounted for 14% of the variance in the parental intangible support. In turn, all
exogenous variables accounted for 34% of the variance in the PA behaviors of young children
with DDs. The completed conceptual model was shown in figure 2.

Figure 2. Path diagram for the effects of parental orientations and supports on PA
behaviors of young children with DDs.
Note: MC = motor competence; All coefficients are standardized; **p <.05, ***p <.001
Discussion
The present study evaluated the conceptual model between parental PA orientations,
parental PA support and PA behaviors of their young children with DDs. In particular, this
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study confirmed that different types of parental PA support (i.e., tangible and intangible
support) mediated the association between parental PA orientations and PA behaviors of their
young children with DDs.
As hypothesized, both parental supports were statistically significant factors that
influenced PA behaviors of young children with DDs. This indicated that parents of young
children with DDs can improve their children’s PA by providing transportation to where their
children can do PA (e.g., parks and indoor gyms), directly playing with them, and
encouraging their children to participate in PA. A possible explanation for this association
can be perceived parental PA support in young children with DDs. A recent study, exploring
the mechanism for the association between parental support and children’s PA behaviors
(Wilk et al., 2018) found that perceived parental PA support in children mediates between
parental support and PA behaviors of children without disabilities. Specifically, when
children perceive that their parents are supportive of their PA participation, they are more
likely to engage in PA.
This finding in the present study was consistent with the findings of studies,
examined the effects of parental support on PA behaviors of children without disabilities
(Beets, Cardinal, & Alderman, 2010; Loprinzi & Trost, 2010; Welk, Wood, & Morss, 2003;
Yao & Rhodes, 2015). A meta-analysis (Yao & Rhodes, 2015), including 112 studies
provided similar results, confirming the moderate effect size for the association between
parental support and child PA (r = .38, 95% CI .30-.46). Moreover, a study examining
associations between parental support and PA behaviors of children with disabilities also
supported the association (Siebert, Hamm, & Yun, 2017). These consistent results indicate
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the importance of parental support to enhance PA behaviors of children with and without
disabilities.
In the present study, parental support was divided into two types of parental support
(tangible and intangible support). Parental tangible support and intangible support influenced
PA behaviors of young children with DDs in a similar way (𝛽 = 0.26 𝑝 <
0.01 𝑎𝑛𝑑 0.24, 𝑝 < 0.02, respectively). This finding was surprising, because parental
tangible support is considered one of the most influential factors for children’s PA (Beets,
Cardinal, & Alderman, 2010). Parental tangible support allows children to directly participate
in PA, while parental intangible support is known as a way to enhance children’s motivation
for PA (i.e., indirect influence) (Prochaska, Rodgers, & Sallis, 2002). For example, although
young children with DDs are highly motivated to participate in PA by parental intangible
support, if PA opportunities are not provided, the improved motivation may not directly lead
the children to participate in PA. In the current study, parental tangible support and intangible
support were equally important for PA behaviors of young children with DDs.
A potential explanation for the association between parental tangible support and PA
behaviors of young children with DDs can be found in social-ecological model of health
behavior (Salis, Owen, & Fisher, 2015). The main emphasis of the social-ecological model is
the interrelationships between individuals and their physical and sociocultural surroundings.
In the model, physical-environmental factors are an especially important factor that
influences human behaviors. Given that parents play a ‘gatekeeper’ role for their children,
children’s physical environment are likely to be provided by their parents (Shields, Synnot,
& Barr, 2012). If parents provide their children with PA environments (e.g., bringing their
children to the park and doing physical activity together), their children are likely to
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participate in PA (Gustafson & Rhodes, 2006; Rebold, Lepp, Kobak, McDaniel, & Barkley,
2016). On the other hand, if parents facilitate a sedentary environment for their children (e.g.,
doing screen activities), the children’s sedentary behaviors are reinforced (Jago, Fox, Page,
Brockman, & Thompson, 2010; Tandon et al., 2012). Thus, it is likely that the provided PA
environment and/or opportunities from parents can influence and/or determine PA behaviors
of young children with DDs.
In addition to parental tangible support, in the present study, parental intangible
support also directly influenced PA behaviors of young children with DDs. The intangible
support is known to be an influencing factor for psychological factors of children (i.e., selfefficacy towards PA). Trost et al., (2003) found that youth’s self-efficacy towards their PA
participation was influenced by parental support. In their study, youth’s self-efficacy worked
as a mediator for the association between parental support and PA behaviors of youth. Even
though their study did not directly target young children with DDs, it is reasonable to argue
that parental support also influences PA self-efficacy in young children with DDs from a
human behavior theory perspective. In the current study, parental intangible support includes
praising and encouraging children’s PA participation. Based on the self-efficacy theory
(Bandura, 1982), verbal persuasion is a factor that influences an individuals’ self-efficacy.
When parents reward or praise their children’s PA participation, young children with DDs
are likely to enhance their self-efficacy towards PA participation. Moreover, parental
encouragement can motivate children to participate in PA (Beets, Cardinal, & Alderman,
2010). The parental encouragement acts as a driving force for children because it occurs
before, during and after PA. Parents provide their verbal and non-verbal prompts to motivate
and extend their children’s PA (Beets, Cardinal, & Alderman, 2010). Thus, improved self-
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efficacy and motivation in young children with DDs due to parental intangible support may
be a potential explanation for the significant association between parental intangible support
and PA behaviors in young children with DDs.
The other important purpose of this present study was to identify what types of
parental PA orientation are associated with parental support. In the present study, parental
PA was a significant influencing factor for both parental tangible and intangible supports
(𝛽 = 0.22 𝑝 < 0.001 𝑎𝑛𝑑 𝛽 = 0.18 𝑝 < 0.03, repectively). It is likely that physically active
parents of young children with DDs want their children to be physically active as well
because they acknowledge the benefits and enjoyment of PA, which allow parents to support
their children’s PA. However, this parental behavior may vary based on the parent’s
perspective towards their children’s ability to participate in PA. If parents of young children
with DDs view their children as unable to participate in PA due to their disability and/or
secondary conditions, the parents may not support their children’s PA even though they are
physically active. The significant association between parental PA and parental PA support
in is consistent with research findings (Loprinzi & Trost, 2010; Trost et al., 2003). Both
Loprinzi’s study and Trost’s studies examined how parental support served as a mediator for
the association between parental PA orientations, including parental PA and PA behaviors of
children and youth without disabilities. In the two studies, parental PA was consistently
positively associated with parental support. Although more research is needed to confirm
how this association applies to family of young children with DDs, within this present
sample, there was a positive association between parental PA and parental support.
Consistent with the previous studies, the present study confirmed that parental PA
directly influenced PA behaviors of young children with DDs (𝛽 = 0.18 𝑝 < 0.02). This
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finding supports the parent PA modeling hypothesis (Pugliese & Tinsley, 2007; Yao &
Rhodes, 2015). Two meta-analyses confirmed a small effect size (r =.10; Pugliese & Tinsley,
2007) and a moderate effect size (r = .29; Yao & Rhodes, 2015) for the association between
parental PA modeling and PA behaviors children without disabilities. These results suggest
that parental PA is equally important with parental supports for PA behaviors of young
children with DDs because children without disabilities can shape their PA behaviors by
observing their parent’s PA. However, a study examined the effect of parental PA on PA
behaviors of children with disabilities found no association between the two variables
(Siebert, Hamm, & Yun, 2017). An explanation for this contradicting result between
Siebert’s study and the present study may be found in different children’s age. The present
study targeted young children with DDs (five years to seven years 11months), but, Siebert’s
study targeted children aged under 21 years, which are largely older than children in the
present study (no specific mean children’s age mentioned in Siebert’s study). Some studies
have suggested that as children age, the effect of parental PA on children’s PA declines
(Beets, Cardinal, & Alderman, 2010; Yao & Rhodes, 2015). In a meta-analysis, child’s age
was used as a moderator for the association between parental PA and children’s PA
behaviors (Yao & Rhodes, 2015). Based on child’s age, the effect of parental PA on their
children’s PA significantly varied. In particular, when children were young (5.5 – 12.4
years), the effect size for the association was r =.17. However, when children were older
(12.5 – 19 years), the effect size for the association was r = 0.08. As the current study
targeted young children with DDs, it is reasonable to argue that PA behaviors of young
children with DDs are largely depending on their parents’ PA. Given that Siebert’s targeted
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older children with disabilities, the direct effect of parental PA on their children’s PA
behaviors may be reduced.
In addition to parental PA, parent’s perception of their children’s motor competence
directly influenced PA behaviors of young children with DDs (𝛽 = 0.17 𝑝 < 0.001 ). A
possible explanation for this association is that the parent’s perception of their children’s
motor competence may reflect their children’s actual motor skills, which allow young
children with DDs to participate in PA. It has been widely found that motor skills are
considered as a prerequisite for PA participation (Barnett, Morgan, Van Beurden, Ball, &
Lubans, 2011; Stodden et al., 2008; Williams et al., 2008). For example, if young children
with DDs have higher motor skills such as kicking and running, they are more likely to
participate in soccer game compared to their peers who have lower soccer-related motor
skills. As the measurement tool (i.e., DCDQ) used for examining parent’s perception of their
children’s motor competence in the current study is significantly related to actual motor skill
measurement tools (i.e., Movement Assessment Battery for Children), it makes sense that
parent’s perception of their children’s motor competence directly influenced PA behaviors in
young children with DDs.
The current study also confirmed that parental PA importance was positively
associated with intangible support (𝛽 = 0.33 𝑝 < 0.001 ). If parents perceive that PA
benefits their young children with DDs (e.g., making new friends or helping weight
management), parents intangibly support their children’s PA participation. This improved
intangible support, in turn, enhanced parental tangible support (𝛽 = 0.64 𝑝 < 0.001 ). The
major tenets of widely used theories in this area (social cognitive theory and theory of
planned behavior) are aligned with the finding of this current study. Based on the theories,
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expectation of an activity determines human behaviors. Specifically, a study conducted by
Jeong, Kim, and Lee (2015) examined the association between parental beliefs (i.e., benefits
of PA for their children with disabilities) and parental PA support based on theory of planned
behavior. In their study, parent intention served as a mediator between parental beliefs and
parental PA support. When parents perceive that PA enhances their children’s physical
fitness and social interactions, their intention to support their children’s PA participation
increases. Another study conducted by Pitchford, Siebert, Hamm, and Yun, 2016 also found
that PA behaviors of youth with disabilities are 19% explained by parental perceived beliefs.
Thus, it is reasonable to suggest that if parents perceive beneficial outcomes of PA, they are
more willing to support PA participation of their young children with DDs.
Another important finding of this present study is that parental PA enjoyment is
equally important with other parental PA orientations. The current study found that parental
PA enjoyment indirectly influenced PA behaviors of young children with DDs through
parental tangible support (𝛽 = 0.13 𝑝 < 0.04 ). Parents who enjoyed PA were directly
involved in their children’s PA (e.g., doing PA together and watching children’s PA). This
finding is consistent with a finding of Trost et al., (2003), but not consistent with Loprinzi
and Trost (2010). Because of a lack of research in this area (parental PA enjoyment and
parental PA support), it is difficult to confirm the effect of parental PA enjoyment on parental
support. The current study provides, however, an explanation for the discrepancy by dividing
parental support into parental tangible and intangible support. In the present study, parental
PA enjoyment was only associated with parental tangible support, but not parental intangible
support (𝛽 = 0.13 𝑝 < 0.04 𝑎𝑛𝑑 𝛽 = −0.07 𝑝 = 0.41, respectively). If future studies
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separate parental support into types, the association between parental PA enjoyment and
parental PA support would be clearer.
One strength of this present study is that this is the first research investigating the
pathways of how parents influence the PA behaviors of young children with DDs and
improved quality of the previous conceptual model by explaining the association between
parents and PA behaviors in young children without disabilities. In the present study,
parental support was conceptually divided into two constructs (parental tangible and
intangible supports). It provided a clear pathway indicating what types of parental PA
orientations were related to what types of parental support, which in turn indicated what
types of parental support influenced PA behaviors in young children with DDs. Another
strength is that each construct in the conceptual model was measured by multiple items. In
the Loprinzi’s model, some constructs (e.g., importance of PA and parental enjoyment of
PA) were measured by only a single question. Even though the single item scale has been
emergingly used in population-level research, psychometric property issues may occur such
as low content, predictive validities, especially when a study has a low sample size
(Diamantopoulos, Sarstedt, Fuchs, Wilczynski, & Kaiser, 2012). Moreover, it is not possible
to calculate reliability (i.e., internal consistency) of the construct when the construct has only
a single item (Cronbach, 1951). By measuring each construct with multiple items, the present
study reduced the potential psychometric property issues.
One of the limitations in this present study is that children’s PA behaviors were
reported by their parents. When the parent-reported children’s PA behaviors are compared to
objectively measured children’s PA (i.e., measured by accelerometers), there is only low to
moderate correlation between the two measurements. Thus, it is possible that this study may
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not fully capture the PA behaviors of young children with DDs. However, as the
questionnaire used in the current study targets children’s PA behaviors afterschool (Leung,
Chung, Ransdell, & Gao, 2016), parents of young children with DDs are likely to be aware of
their children’s PA behaviors. Another limitation is that most parents participated in this
study were white (n= 116) and well-educated (78.5% of parents have at least college degree).
Thus, this study may only be generalizable to this specific population. Other covariates (i.e.,
parental education, living area, and child disability status) were not included in the current
study’s model because they did not statistically influence parental supports and PA behaviors
in young children with DDs, but theoretically they are the influencing factors.
Conclusion
The current study was the first study to examine the effect of different types of
parental supports on PA behaviors of young children with DDs. The findings highlight the
importance of both parental tangible and intangible PA support. Of the five parental PA
orientations, parental PA, parental PA enjoyment, parental PA importance were strongly
associated with parental tangible and/or intangible supports. PA practitioners or
interventionists for young children with DDs should educate parents of young children with
DDs about the benefits of PA to increase parental PA support. Moreover, it is important to
create and develop enjoyable PA environment for family of young children with DDs so that
parents can be directly involved in their children’s PA. In addition, given that the parental
influences on PA behaviors of children tend to decrease as children age (Xu, Wen, & Rissel,
2015), it is important that parents provide as many PA opportunities as possible to their
children starting in early childhood to develop positive PA behaviors.
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Further research should investigate what other factors are related to parental PA
support in young children with DDs and how to improve parental support in parents of young
children with DDs. Specifically, it is warranted to examine the effects of PA barriers
experienced by families of young children with DDs on parental support. Children with
disabilities experience PA barriers, that are not shared by children without disabilities such as
societal stereotypes of disability, a lack of acceptance by peers and a lack of inclusive
facilities (Shields & Synnot, 2016). These variables may uniquely contribute to the
association between parental orientations, parental support and PA behaviors of young
children with DDs. Thus, further studies are warranted to more explicitly investigate the
association between parental PA orientations, PA support and PA behaviors of young
children with DDs. The findings of the current study provide a building block for the future
research and a comprehensive picture of the association between parental PA orientations,
parental support and PA behaviors of young children with DDs.
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Abstract
The purpose of this study was to examine the pathway by which parents influence motor
skills of young children with developmental disabilities. One hundred and thirty-two parents
of young children (5 to 7 years and 11 months old) with developmental disabilities completed
a questionnaire including parental tangible support, parental explicit physical activity
modeling, their children’s physical activity behavior and their children’s motor skill
variables. Pathway analysis was conducted to examine pathway between parental tangible
support and explicit modeling and motor skills in young children with DDs. The pathway
analysis indicated that parental tangible support and explicit modeling significantly
influenced physical activity behaviors in young children with developmental disabilities,
which in turn, influenced their motor skills. This result suggests that young children with
developmental disabilities can acquire motor skills by participating in physical activity. In
addition, parents of young children with developmental disabilities can indirectly influence
motor skills of their children by supporting physical activity and becoming a physical activity
role model. For parents of young children with developmental disabilities, increasing
physical activity behaviors of their children can be an alternative way to improve their
children’s motor skills.
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Introduction
The development of motor skills provides a variety of benefits to children (Clark,
1994; Cools, De Martelaer, Samaey, & Andries, 2011; Lubans, Morgan, Cliff, Barnett, &
Okely, 2010). It is widely known that motor skills are a prerequisite for physical
activity/sports participation, which provide various health benefits (Barnett et al., 2011;
Fisher et al., 2005; Stodden et al., 2008; Williams et al., 2008). Moreover, motor skills,
especially fine motor skills, play an important role in performing daily activities such as
dressing and feeding (Marr et al., 2003). A systematic review, including 42 studies confirmed
that early motor skill development was a strong predicting factor for later communication
skills in young children with and without disabilities (Leonard & Hill, 2014). This indicates
that poor or atypical motor skills may in young children with and without disabilities to
decrease the number of interaction opportunities with others, resulting in social cognition and
language problems (Leonard & Hill, 2014). Given that the development of children’s motor
skills accelerate in their early years as they begin to acquire, refine, and develop a range of
gross and fine motor skills (Gallahue et al., 2012) and childhood motor skill proficiency
predicts fitness levels in their later life (Barnett, Van Beurden, Morgan, Brooks, & Beard,
2008), it is necessary to pay attention to young children’s motor skill development in early
childhood.
Unfortunately, young children with developmental disabilities (DDs) often
experience motor skill deficits (Barkley, 2014; Hartman et al., 2010; Liu et al., 2014; Whyatt
& Craig, 2012). Young children aged from 5 – 10 years with autism spectrum disorder
(ASD) showed significant gross motor skill delays when compared to their age-matched,
typically developing peers (Liu, Hamilton, Davis, & ElGarhy, 2014). In this study, young
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children with ASD received statistically significantly lower scores on the TGMD-2 (grossmotor skill assessment) in both locomotor and objective control skills compared to children
without ASD. Another study also found that young children (7 – 10 years old) with ASD
experienced delayed interceptive actions (catching, hitting, and kicking) and core balance
ability (Whyatt & Craig, 2012). In addition to young children with ASD, young children with
ADHD often experience motor impairment that hinders children’s activities such as daily
living and academic performance (Barkley, 2014). Hartman et al. (2010) also found that
young children (7 – 12 years old) with mild intellectual disabilities (ID) had significantly
lower locomotor skills compared to children without disabilities, but had comparable object
control skills. Thus, young children with DDs may not fully achieve the benefits of
appropriate motor skill development.
Physical activity (PA) participation has been widely known as an influencing factor
on children's motor skills (Barnett et al., 2016; Carson et al., 2017; Poitras et al., 2016;
Stodden et al., 2008; Williams et al., 2008). High levels of actual motor competence in
children influence their perceived motor competence (i.e., PA self-efficacy), which allow
them to participate in increased PA. A systematic review indicated that there is a low to
moderate relationship between physical activity and fundamental motor competence in early
childhood (r = .16 to .48 and 4 studies) (Logan, Kipling Webster, Getchell, Pfeiffer, &
Robinson, 2015). More recently, another systematic review indicated that as more young
children participate in structured and/or unstructured PA, young children will more likely
have better motor skills (Barnett et al., 2016). Poitras et al. (2016) confirmed that the
intensity of PA served as a moderator for the association between PA and motor skills in
children. Specifically, this study indicated that high intensity PA (i.e., vigorous and moderate
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to vigorous PA) influenced the motor skills of children without disabilities but low intensity
PA did not. Even though there is clear evidence of the association between PA and motor
skills of children without disabilities, the influence of PA behaviors on the motor skills of
young children with DDs has not been widely studied.
Parents play an important role in facilitating PA behaviors of children with and
without disabilities (Loprinzi & Trost, 2010; Pitchford, Siebert, Hamm, & Yun, 2016;
Siebert, Hamm, & Yun, 2017; Trost et al., 2003; Yao & Rhodes, 2015). Parents influence
their children’s PA behaviors by providing PA support (Loprinzi & Trost, 2010; Trost et al.,
2003), becoming a PA role model (Hennessy, Hughes, Goldberg, Hyatt, & Economos, 2010;
Hinkley, Salmon, Okely, Hesketh, & Crawford, 2012), and doing PA together (Beets,
Cardinal, & Alderman, 2010; Rebold, Lepp, Kobak, McDaniel, & Barkley, 2016). In
particular, a meta-analysis confirmed that parental PA support is an important factor for
enhancing children’s PA behaviors (Yao & Rhodes, 2015). If a parent supports PA of their
child, the child is more likely to be engaged in those PAs (e.g., running or catching a ball)
compared with when children whose parents offer less support for PA and focuses instead on
other activities such as screen and reading times. In addition to parental PA support, parental
explicit modeling is as important as parental support for PA behaviors of children (Davison
et al., 2012; Davison, Cutting, & Birch, 2003; Hennessy, Hughes, Goldberg, Hyatt, &
Economos, 2010; Hinkley, Salmon, Okely, Hesketh, & Crawford, 2012). If parents have an
intrinsic motivation towards PA and apply their behaviors to encourage their children’s PA,
the children are likely to participate in PA (Davison, Cutting, & Birch, 2003).
Based on this accumulated evidence, it is possible that parents of young children with
DDs indirectly influence their children’s motor skills by supporting their children’s PA. The
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field of promoted action (Reed & Brill, 1996) supports the pathway between parent behaviors
and motor skills of children. This suggests that parents have fundamental impacts on their
children’s motor skill development by reinforcing the physical activities in which their
children participate. In turn, children acquire motor skills through the repetitive practice of
bodily movement during the activities (Reed & Brill, 1996). However, there is a lack of
empirical research investigating the effect of parents on the motor skills of children,
especially young children with DDs. In particular, without a comprehensive understanding of
how parents impact the motor skills of young children with DDs, it may be difficult to
promote their motor skill development within the context of their family. Therefore, the
purpose of this study was to examine the pathway by which parental PA support and explicit
modeling influenced motor skills in young children with DDs (see figure 1 for the proposed
conceptual model). It was hypothesized that the association between parental support and
explicit modeling, and the motor skills of young children with DDs would be mediated by the
children’s PA behaviors. Moreover, it was also hypothesized that parental support was
directly associated with the motor skills of young children with DDs.

Figure 1. the proposed conceptual model
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Method
The current study is a cross-sectional study, which used comprehensive survey
assessments and the survey was administered through the Qualtrics survey system (industry
survey tool).
Sample
One hundred thirty-two participants were recruited through various developmental
disability-organizations and Facebook advertisements, including the Children and youth with
disabilities laboratory webpage from July 2018 and February 2019. Study eligibility criteria
included a parent and/or primary caregiver over the age of 18 years with a child between 5 to
7 years and 11 months old with a developmental disability (e.g., autism spectrum disorder,
intellectual disability, cerebral palsy, visual impairment, attention-deficit hyperactivity
disorder and developmental delay) per parental report.
Measures
An online survey was used in the current study and included five sections: (a)
demographic information (e.g., parent age, gender, ethnicity, child age, gender, ethnicity,
parent highest education level, income, and diagnosed child’s disability), (b) parent-reported
child’s PA, (c) parent-reported child’s motor skills, (d) parental explicit modeling, and (e)
parental tangible support
Demographic questionnaire. Common demographic characteristics were collected
including child age, gender, race/ethnicity, DD status (e.g., type of developmental disability),
special education and related service utilization, and parent/ caregiver age, gender,
race/ethnicity, income and education level.
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Child’s Physical activity. The Modified Physical Activity Questionnaire for
Children (MPAQ-C), containing six items was used to assess children’s PA (Leung, Chung,
Ransdell, & Gao, 2016). This questionnaire was a parent-proxy report and developed based
on an initial questionnaire, examining children’s PA participation after school time during
the past 7 days (Crocker, Bailey, Faulkner, Kowalski, & McGrath, 1997). All items were
rated on a 5-point scale ranging from 1 = “none” to 5 = “6 to 7 times last week”. The 2weeks test-retest reliability for this measure was r = 0.94 and the convergent validity of this
measure is r = .63. In the current study, the internal consistency of this scale was 𝛼 = .95.
Child’s motor skills. Motor skills were measured through a parent-proxy report. The
parents were asked to complete the Developmental Coordination Disorder Questionnaire
(DCDQ). The DCDQ is a parent questionnaire, created to evaluate motor difficulties in
children from 5 – 15 years old (Wilson et al., 2007). The fundamental concept of this
questionnaire is to ask parents to evaluate their child’s motor skills (e.g., gross motor, fine
motor, and general coordination) by comparing their child’s motor skill performance to
another child. The tool has 15 questions with scales ranging from 1 = “Not at all like your
child to 5 = “Extremely like your child”.
The validity of this tool has been well-supported by prior research (Cairney et al.,
2008; Tseng et al., 2010; Wilson et al., 2009). The DCDQ provides acceptable concurrent
validity with Movement Assessment Battery for Children (r=.55) and Test of Visual-Motor
Integration (r=.42). This DCDQ was used to measure motor skills in children with DD
(Hirata et al., 2015). In the current study, the internal consistency of this scale was 𝛼 = .90.
Parental explicit modeling. To measure parental behaviors, four questions of the
explicit modeling construct of the Activity Related Parenting Practice (ARPP) questionnaire
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(Davison, Cutting, & Birch, 2003) were adapted for the purpose of this current study. It
included (a) “How much do you enjoy sport/physical activity with your child?”, (b) “How
frequently (on average) do you participate in your child’s sport/physical activity each
week?”, and (c) “How often does your family use sport/physical activity as a form of family
recreation (e.g., going on bike rides together, hiking, ice skating)?”; and (d) “How much do
you use your own behavior your child to be physically active?”. Internal consistency of the
original construct was measured; fathers’ explicit modeling (alpha = 0.69) and mothers’
explicit modeling (alpha = 0.75) (Davison et al., 2003). In the current study, the internal
consistency of this scale was 𝛼 = .67.
Parental tangible support. Parental tangible support for their child’s PA was
measured using the three questions used in a study conducted by Loprinzi and Trost (2010)
and one question created for the purpose of this current study. Parents were asked to rate
“How often do they provide the following types of support for their child’s PA or sports?”.
The following types of tangible support included (a) “provided transportation so their child
could go to a place where he or she can do physical activities or sport; and (b) “watched their
child participate in physical activity or sport”. In addition to the three types of support from
the previous study, one additional item was included in this construct; (c)
“organized/structured physical activity environment so their child engaged in PA”. This
question was created based on the concept of the field of promoted action. All questions were
rated on a 5-point scale ranging from 1 = “none” to 5 = “daily”. To calculate internal
consistency of the parental tangible support scale, Cronbach alpha was used. In the current
study, the internal consistency of this scale was 𝛼 = .74.
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Analytic plan. Descriptive analysis was conducted for demographic information.
Little’s Missing Completely at Random (MCR) was performed (Little, 1988) for missing
data of variables. Maximum likelihood imputation was used to replace missing values
because the result was not statistically significant. Path analysis was performed to test
whether a multivariate set of variables fits with the conceptual model. The model fit criteria
included: the chi-square index (pN0.05), comparative fit index (CFI, n0.90), root mean
square error of approximation (RMSEA, b0.10) and standardized root mean square residual
(SRMR, b0.05). Alpha will be set at 0.05 for all regressions. All analysis was conducted
through AMOS. 25.
Results
Descriptive statistics for participants are shown in table 1. Three variables (parental
tangible support, parental explicit modeling, and children’s motor skills) had some missing
data ranging from .00 to 2.9%. However, the variable, children’s PA behaviors had relatively
large missingness (19%). In order to control missing values of variables included in the survey,
a Missing Values Analysis was conducted. The Little’s test of Missing Completely at Random
(MCAR) was not significant ( 𝒳 2 = 2193.01 DF = 2146, 𝑝 = .24), indicating that the
missing values in the survey were likely to be at random rather than systematic bias. Thus, the
missing values of the three variables (parental tangible support, parental explicit modeling, and
children’s motor skills) were replaced by Expectation-Maximization (EM) algorithm. The
variable, children’s PA behaviors was replaced by multiple imputations, which has widely
been known for replacing relative large missingness (e.g., 10% - 50%) (Zhang, 2007).
Descriptive statistics for study variables are shown in table 2. Independent t-test was conducted
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to identify child sex differences on the study variables, revealed no statistically significant
difference between boys and girls on all variables.
Table 1. Characteristics of participants
Variable

n = 135

Caregiver age (years)

36.08 (8.21)

Caregiver gender
Male
Female

5 (3.7%)
130 (96.3%)

Relationship with child
Mother
Father
Others

117 (86.7)
5 (3.7%)
12 (9.6%)

Caregiver education
Middle school
High school
College (2 years)
College (4 years)
More than college level
Don’t want to answer

2 (1.5%)
24 (17.8%)
44 (32.6%)
28 (20.7%)
34 (25.2%)
3 (2.2%)

Caregiver ethnicity
White/Caucasian
Black/African American
Hispanic/Latino
Asian
Other
Don’t want to answer

116(85.9%)
4 (3.0%)
4 (3.0%)
3 (2.1%)
4 (3.0%)
4 (3.0%)

Child Age (months)

78.20 (10.44)

Child sex
Boy
Girl
Child disability status
Autism spectrum disorder
Attention deficit/hyperactivity disorder
Down Syndrome
Cerebral Palsy

83 (61.5%)
52 (38.5%)
68 (50.4%)
14 (10.4%)
6 (4.4%)
12 (8.9%)
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Prader Willi Syndrome
Others
Receiving IEP Service
Yes
No
Don’t want to answer

9 (6.7%)
26 (19.3)
102 (75.6%)
29 (21.5%)
4 (3.0%)

Living Area
Urban
Rural
Don’t want to answer

74 (54.8%)
54 (40.0%)
7 (3.7%)

Table 2. Mean and standard deviation of study variables by child sex
Variable

Full sample (n = 135
/ mean and standard
deviation)

PBDD (n = 83)

PGDD (n = 52)

Parent-reported child motor competence

34.29 (12.43)

33.41 (12.50)

35.70 (12.32)

Parental tangible PA support

3.63 (1.25)

3.54 (1.19)

3.75 (1.34)

Parental explicit modeling

2.56 (0.91)

2.58 (0.87)

2.52 (1.00)

Parent-reported child physical activity
2.62 (1.01)
2.69 (1.08)
2.61 (0.89)
Note: PBDD = Parents of boys with developmental disabilities; PGDD = Parents of girls with
developmental disabilities
Table 3. Correlation matrix.
Variables

1.

2.

3.

4.

1. Parental TS
1
2. Parental EM
. 62∗∗
1
∗∗
3. PRCPA
. 51
. 46∗∗
1
4. PRCMC
.18
.04
. 23∗∗
1
Note: TS = Tangible support; EM = Explicit modeling; PRCPA = parent-reported child
physical activity; PRCMC = parent-reported child motor competence.
**p <.05, **p <.001.
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Path analysis
The model fit of the model in the current study was acceptable (𝒳 2 = 2.29 𝑑𝑓 =
1 𝑝 = 0.13 ; CFI = 0.99, RMSEA = 0.09 [90% C.I. 0.00 – 0.27], SRMR = 0.03). Both parental
tangible support and explicit modeling were statistically significant factors that positively
influenced on PA behaviors of young children with DDs (𝛽 = 0.37 𝑝 < 0.001 𝑎𝑛𝑑 0.24, 𝑝 <
0.05, 𝑟espectivel𝑦). In turn, PA behaviors of young children with DDs were directly
associated with their motor skills (𝛽 = 0.20 𝑝 = 0.04). Parental tangible support and explicit
modeling were statistically significantly associated with each other (𝛽 = 0.62, 𝑝 < 0.001).
Parental tangible support and explicit modeling accounted for 30% of the variance in PA
behaviors of young children with DDs. In turn, all exogenous variables accounted for 6% of
the variance in the motor skills of young children with DDs.

Figure1. Path diagram for the effects of PA behaviors of young children with DDs and
parental behaviors on their motor skills.
**p <.05, ***p <.001
Discussion
The purpose of this study was to identify the pathway by which parents influence
motor skill development of young children with DDs. The current study confirmed that
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parents of young children with DDs indirectly influenced the motor skill development of
their children. Parental support and explicit modeling positively influenced PA behaviors of
young children with DDs, which in turn influenced the children’s motor skills. However,
parental tangible support was not directly associated with the motor skills of young children
with DDs.
In the present study, PA behaviors of young children with DDs were directly
associated with their motor skills (𝛽 = 0.20 𝑝 < 0.04). Because motor skill development in
children with disabilities has been mostly understood in the context of motor skill
interventions (Bishop & Pangelinan, 2018; Engelsman et al., 2018), there is a lack of
research investigating the association between unstructured PA and motor skills of young
children with DDs. However, in the present study, PA behavior is a significant influencing
factor for motor skills of young children with DDs. This finding is consistent with the
findings of other studies investigating the association between PA and motor skills of
children without disabilities (Carson et al., 2017; Fisher et al., 2005; Stodden et al., 2008;
Williams et al., 2008). Lin et al. (2017) found that PA was negatively associated with motor
difficulty in pre-school aged children. In their study, children who participated in PA less
than 840 mins/wk were significantly more likely to experience motor difficulty (the
movement assessment batter for children-2; <5th percentile) than children who participated in
physical activity over 840 min/wk (OR=2.3; 95% CI:10, 5.1). Another study found that preschool aged children who had higher levels of moderate-to-vigorous physical activity
(MVPA) and vigorous PA were least likely to be in the low motor skill tertile compared to
children who had lower levels of MVPA and vigorous PA (Williams et al., 2008). This
association was clearer in four-year-old children than in three-year-old. Due to the fact that
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fundamental motor skill (FMS) development is an emerging stage in three-year-old, motor
skills may be less of a facilitator for PA participation compared to the motor skills of children
at age four. As the present study targeted children from 5 years to 7 years and 11 months old
(older than three years), there is likely a significant association between PA participation and
the motor skills of young children with DDs within this sample. The present finding expands
the previous findings (i.e., the significant association between PA and motor skill
development of children without disabilities) by suggesting that young children with DDs are
also able to develop their motor skills through PA participation.
One of the most purposes of this present study was to examine the direct effect of
parental tangible support on the motor skills of young children with DDs. The study
confirmed that parental tangible support only indirectly influenced the motor skills of young
children with DDs through promoting those children’s PA (𝛽 = 0.38 𝑝 < 0.001). There was
no direct influence of parental tangible support on the motor skills of young children with
DDs (𝛽 = 0.08 𝑝 = 0.42). Based on social cognitive theory, which suggests that children
learn a behavior from their parents through vicarious learning, it was expected that children
would acquire and develop their motor skills by observing how their parents used motor
skills and/or by receiving feedback from their parents. Moreover, as every parent provides a
type of scaffolding to their child during their PA-related interaction (Reed & Brill, 1996),
parental tangible support was expected to provide great opportunities for young children with
DDs to learn motor skills from their parents. However, the present study did not support
these theories.
This result highlights the importance of a fundamental principle in motor skill
development: to maximize a child’s motor skills, the skill should be taught, reinforced, and
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practiced (Goodway & Branta, 2003; Robinson & Goodway, 2009; Valentini & Rudisill,
2004). In other words, parental PA support, such as watching, organizing children’s PA, and
providing PA opportunities, may not be enough to directly influence motor skill
improvement in young children with DDs. If parents do not directly reinforce and teach
motor skills, providing only PA opportunities may not maximize their children’s motor skills.
Thus, it is recommended that parents of young children with DDs should specifically teach
and reinforce motor skills and provide opportunities for their children to practice those motor
skills. For example, if a parent-child dyad plays basketball, the parent should teach how to
bounce a ball and have their child practice bouncing the ball several times. This educational
instruction that can occur during their family recreation time may effectively and directly
improve motor skills of young children with DDs.
Although there is a lack of research investigating the influence of parental behaviors
on the motor skills of children with and without disabilities, some experimental studies do
highlight the role of parents in developing the motor skills of children within the context of
interventions (Reilly et al., 2006; Riethmuller, Jones, & Okely, 2009; Wasenius et al., 2017;
Zask, Kaye Adams, Owen Brooks, & Frances Hughes, 2012). Parent-engaged PA
intervention showed a significant effect on motor skill performance in pre-school aged
children (Reilly et al., 2006). In this cluster randomized controlled study, there were two
groups: parent-involved PA intervention and non-parent-involved PA intervention groups. In
the parent-involved PA group, parents received a resource pack which consisted of materials
for their child’s PA and parents were asked to increase their child’s PA using these materials
at home or in a nursery. Even though there was no significant group difference in terms of
children's PA, children in a parent-involved PA group had significantly improved their motor
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skills compared to the control group (Reilly et al., 2006). In other words, parents were
directly able to improve their child’s motor skills if appropriate resources were available.
Based on the results, practitioners and interventionists should provide motor skill instructions
and resources to parents of young children with DDs so that parents can incorporate them
into PA with their children.
The present study did not find a direct effect but did find an indirect effect of parental
tangible support on the motor skills of young children with DDs. Parental tangible support
influenced PA behaviors of young children with DDs (𝛽 = 0.37 𝑝 < 0.001), which in turn
influenced the motor skills of young children with DDs. This finding is aligned with the
findings of experimental studies, suggesting that if parents enhance the PA behaviors of their
children, their children's motor skills are positively influenced (Rebold, Lepp, Kobak,
McDaniel, & Barkley, 2016; Zask, Kaye Adams, Owen Brooks, & Frances Hughes, 2012).
One study found that parent-involved PA intervention had significant effects on motor skills
development in pre-school aged children (Zask et al., 2012). In this study, parents in an
intervention group were educated by trained interventionists about limiting sedentary
behaviors and increasing PA in their daily routines. In turn, children in this experimental
group had significantly improved motor skills compared to the control group (receiving
traditional intervention without parent involvement). In addition, Rebold et al (2016) found
that when parents engaged in PA together with their children, their children’s PA
participation increased and the children’s preference for PA increased as well. These
consistent results highlight the importance of parents' role in providing PA opportunities to
their children. Thus, parents of young children with DDs are encouraged to support their
children’s PA in order to increase opportunities for children to use and practice motor skills.

60

In addition to parental tangible support, the present study also found that parental
explicit modeling indirectly influenced the motor skills of young children with DDs through
the same pathway as parental tangible support. It has been widely established that parental
explicit modeling positively influences the PA behaviors of children (Davison et al., 2012;
Davison, Cutting, & Birch, 2003; Hennessy, Hughes, Goldberg, Hyatt, & Economos, 2010;
Hinkley, Salmon, Okely, Hesketh, & Crawford, 2012). One study supports the finding of the
present study, suggesting that 13.5% of children’s (mean age, 13.8  N/A) PA behaviors are
explained by their father’s explicit modeling (Raudsepp, 2007). However, another study
indicated that parental PA modeling is not enough to enhance the PA behaviors of children
(mean age, 14.0  1.6 years) (Trost et al., 2003) because PA modeling itself does not remove
PA barriers such as a lack of friends to play with or long distances between home and
locations for PA (e.g., parks and playgrounds). The potential explanation for the discrepant
findings is the different measurement tools used in the studies. Raudsepp's study used a
questionnaire to evaluate parents' explicit modeling, whereas Trost’s study used
accelerometers. Future studies using consistent measurement tools are warranted in order to
produce a clear picture of the association between parental modeling and the PA behaviors of
children. Within the present sample, however, the influence of parental explicit modeling on
the PA behaviors of young children with DDs indicated that parental PA modeling is as
important as parental support in providing an opportunity for young children with DDs to
acquire motor skills.
Given that young children with DDs both experience motor skill deficits (Liu,
Hamilton, Davis, & ElGarhy, 2014; Nickel, Thatcher, Keller, Wozniak, & Iverson, 2013) and
participate less in PA compared to young children without DDs (Bandini et al., 2013;
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Einarsson, Jóhannsson, Daly, & Arngrímsson, 2016; Pan, 2008), the development of motor
skills and PA behaviors may be more complex in this population. Based on Stodden’s
conceptual model, suggesting the bi-directional relationship between PA and motor skills in
children (Stodden et al., 2008), it is possible that young children with DDs may have low
levels of motor skills because they participate less in PA, or conversely, they may participate
less in PA because they have low levels of motor skills. This complex association highlights
the importance of parents in developing the motor skills of their young children with DDs.
Although more research is needed to investigate how parents of young children with DDs
influence their children's motor skills, parents should at least actively support their children’s
PA and become an explicit PA model for the improvement of motor skills in their children.
This would allow young children with DDs to learn motor skills by participating in PA.
It is noteworthy to mention limitations of the present study. The motor skills of young
children with DDs were measured by a parent-reported questionnaire. This may not fully
capture the motor skills of young children with DDs if parents are not fully aware of their
children’s movements. However, some studies have clearly suggested that parent-reported
motor skill questionnaires have acceptable validity (Kennedy, Brown, & Chien, 2011;
Kennedy, Brown, & Stagnitti, 2013; Wilson, Kaplan, Crawford, Campbell, & Dewey, 2000;
Brenda N. Wilson et al., 2009). In particular, the questionnaire (Wilson, Kaplan, Crawfrd, &
Roberts, 2007) used in the current study provides acceptable concurrent validity with
Movement Assessment Battery for Children (r=.55). In the present study, the internal
consistency of this scale was 𝛼 = .90. Another limitation is that there is a potential bidirectionality between PA and the motor skills of young children with DDs. Even though PA
is a factor that impacts motor skill proficiency, conversely, motor skill proficiency has also
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been considered as a factor that influences physical activity participation (Stodden et al.,
2008). In the present study, the PA behaviors of young children with DDs influenced their
motor skills, but it is also possible that young children with DDs who had higher motor skills
participated in more PA. Unfortunately, it was not possible to control for the bi-directionality
in this present study. Further study is needed to investigate the mechanism for the
directionality of this association. Other covariates (i.e., parental education, living area, and
child disability status) were not included in the current study’s model because they did not
statistically influence parental supports and PA behaviors in young children with DDs, but
theoretically they are the influencing factors.
Conclusion
The current study confirmed a pathway by which parents influence the motor skill
development of young children with DDs. Parental tangible support and explicit modeling
showed a positive indirect influence on the motor skills of young children with DDs. Parental
tangible support and explicit modeling influenced the PA behaviors of young children with
DDs, which in turn influenced their motor skills. Parental tangible support and explicit
modeling showed no direct influence on the motor skills of young children with DDs. Within
the sample, 30% of PA behaviors of young children with DDs were explained by parental
tangible support and explicit modeling and 6% of motor skills in young children with DDs
were explained by other variables. This large discrepancy (30% vs. 6%) highlights that the
motor skills of young children with DDs should be reinforced to maximize their motor skill
development. PA participation can be a way for young children with DDs to develop their
motor skills. However, when accounting for the magnitude of effect of PA on the motor
skills of young children with DDs (𝛽 = 0.20 𝑝 < 0.04), parental motor skill reinforcement is
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recommended to maximize children's motor skills. Practitioners and interventionists should
not only educate parents of young children with DDs about how to support their children’s
PA but should also train them to teach and reinforce their children’s motor skills. The
investigated pathway of this present study sheds light on the association between parents and
the motor skills of young children with DDs by suggesting that parental PA support and
explicit modeling can be a starting point in improving the motor skills of children.
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Chapter 4. General Conclusion
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This study investigated the pathway by which parental PA orientations and support
influence PA behaviors and motor skills in their young children with DDs. This study had
two purposes: a) examining the influence of parental PA orientations and support on PA
behaviors in young children with DDs b) examining the influence of parental support and
explicit modeling on motor skills in young children with DDs. This research was a crosssectional survey-designed study. Parents of children with DDs completed an internet-based
survey including 67 questions anonymously. The path analysis was conducted for the
purposes of the present study. Overall, this current study suggests that parents play a
significant role in influencing PA behaviors and motor skills in young children with DDs. In
particular, parental PA support directly influenced PA behaviors young children with DDs
and indirectly influenced motor skills of young children with DDs.
A hypothesis of the study 1 was that parental support would mediate the associations
between parental PA orientations and the PA behaviors of young children with DDs.
In study 1, parental support was divided into parental tangible and intangible supports. Both
parental tangible and intangible supports were significantly influenced by parental
orientations and in turn, it influenced the PA behaviors of young children with DDs. In
particular, of five parental PA orientations, parental enjoyment and parental PA behaviors
influenced parental tangible support (𝛽 = 0.13 𝑝 < 0.05 𝑎𝑛𝑑 0.22, 𝑝 <
0.001, respectively), which in turn, influenced PA behaviors of young children with DDs
(𝛽 = 0.26 𝑝 < 0.05). In addition, parental importance and parental PA behaviors influenced
parental intangible support (𝛽 = 0.33 𝑝 < 0.001 𝑎𝑛𝑑 0.19, 𝑝 < 0.001, respectively), which
in turn, influenced PA behaviors of young children with DDs (𝛽 = 0.24 𝑝 < 0.05). These
results show a comprehensive pathway how parents influence PA behaviors of young
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children with DDs by highlighting the importance of parental supports and parental PA
orientations.
Another hypothesis of the study 1 was parental PA behaviors and parent’s perception
of their young child’s motor skills would directly influence the PA behaviors of young
children with DDs. As expected, parental PA behaviors and parent’s perception of their
young children’s motor kills directly influenced the PA behaviors of young children with
DDs (𝛽 = 0.18 𝑝 < 0.05 𝑎𝑛𝑑 0.17, 𝑝 < 0.05, respectively). This result supports the PA
modeling hypothesis by indicating that young children with DDs are able to shape their PA
behaviors by observing and learning from their parent’s PA behaviors. The present study also
found that there was a direct association between parent’s perception of their young
children’s motor skills and PA behaviors of young children with DDs. When parents of
young children with DDs perceived that their children had higher motor skills, their children
more participated in PA. As parental perception for their children’s motor skills is related to
their children’s actual motor skills, it is reasonable to argue that young children with DDs
who have high motor skills are likely to participate in physical activity.
In a study 2, a hypothesis was that parental support and explicit modeling would
significantly influence PA behaviors of young children with DDs, which in turn influenced
their motor skills. This current study found that parents of young children with DDs
indirectly influence their children’s motor skills by supporting PA and becoming a PA
model. Parental support and explicit modeling provide opportunities that their children can
use and practice motor skills. In turn, young children with DDs acquire motor skills through
repetitive movements during PA. Even though parents of young children with DDs
influenced motor skills of their young children with DDs, only 6% of motor skills of young
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children with DDs were explained by three variables, including parental support, explicit
modeling, and children’s PA behaviors. Thus, parents are encouraged to not only provide
practicing opportunities to their children, but also reinforce and teach their motor skills.
Another hypothesis was that parental tangible support would directly influence motor
skills in young children with DDs. On the contrary to the hypothesis, parental tangible
support did not directly influence motor skills of young children with DDs (𝛽 = 0.08 𝑝 =
0.15). Based on the field of promoted action (Reed & Brill, 1996), it was expected that if
parents are actively involved in PA of their young children with DDs, it influenced motor
skills of their young children. As every parent provides a type of scaffolding to their child
during their PA-related interaction (Reed & Brill, 1996), parental PA support may be a way
to have positive impacts on motor skills of young children with DDs. However, the current
study did not support this theory.
It is noteworthy suggesting future directions of this research. Although, this study
confirmed that parental tangible and intangible supports directly influenced PA behaviors of
young children with DDs, it is still unclear about how parental supports influence children’s
PA-related factors, which directly allow children to participate in PA. Following studies are
warranted to investigate how child-related factors such as PA and barrier self-efficacy are
influenced by parental tangible and intangible supports. Moreover, further research should
measure PA behaviors of young children with DDs using objective measurement tools such
as accelerometer or pedometer to remove a potential bias that may occur in a parent-reported
child’s PA questionnaire. In addition, it is also warranted to investigate how parents directly
influence motor skills of young children with DDs within the context of family. In particular,
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the frequent type of play activity and parent-child dyad interaction can be influencing parentrelated factors for motor skills of young children with DDs.
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Appendix A: Literature Review
The purpose of this literature review is to provide the reader with information on the
areas of physical activity, motor skill development, and parental support and behaviors.

Developmental disabilities (DD)
Developmental disabilities refer to combined conditions caused by an impairment in
physical, learning, language, or behavior areas (CDC, 2011). It includes, but not limited to
Attention-Deficit/Hyperactivity Disorder (ADHD), Autism Spectrum Disorder (ASD),
Cerebral Palsy (CP), Hearing Loss (HL), Intellectual Disability (ID), Vision Impairment
(VP), and other developmental delays. Children with DD tend to need more time and
repetitive practice to master daily tasks because of their difficulty with memory, motivation
and attention (Odom, Horner, & Snell, 2009). Moreover, their executive control deficits may
lead to difficulties in sustaining task speed and accuracy (Brewer & Smith, 1982).
Developmental disabilities are a global health issue among all racial, ethnic, and
socioeconomic groups. One in six, or about 14%, of children aged 3 through 17 years have
one or more developmental disabilities in 2006 – 2008 (Boyle et al., 2011, pp. 1997–2008).
Physical activity
The importance of physical activity
Physical activity (PA) refers to any bodily movement generated by skeletal muscles
that cause energy expenditure above resting levels (Caspersen, Powell, & Christenson, 1985).
PA, especially moderate-to-vigorous physical activity (MVPA) is known to prevent
cardiovascular disease risk factors (Ekelund, 2012; Pahkala et al., 2012). In Ekelund's (2012)
study, children and adolescents who participated in MVPA for at least 35minutes per day had
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lower waist circumference and systolic blood pressure compared to children and adolescents
who participated in MVPA below 18 minutes. More recently, a student examining the
association between objectively measured MVPA (measured by accelerometer) and
cardiometabolic risk factors found that MVPA made a significant difference in risk factors of
cardiovascular disease across four youth groups (Jenkins et al., 2017). The most active group
(1135.2 ± 19.5 Counts/minute/day) had significantly lower systolic blood pressure, lower
glucose, and lower insulin compared to the least active group (343.2 ± 3.0
Counts/minute/day). As the progress of atherosclerosis may begin in childhood
(EIGCHRRCA, 2011) and cardiovascular risk factors such as obesity, high blood pressure,
and high cholesterol may lead to cardiovascular disease (Kavey et al., 2006; Oliveira et al.,
2014), it is important to have a healthy life style beginning in early childhood.
Physical activity of typically development (TD) children
The National Association for Sport and Physical Education (NASPE) in the U.S.
indicates that preschool-aged children need to participate in at least 60 minutes of structured
(planned and intentionally directed by at least an adult) and 60 minutes of unstructured PA
(free play) per day and sedentary behavior over 60 minutes at a time except when sleeping
should be discouraged (Clark, 2002). In developed countries such as the United Kingdom
and Australia, the recently supported PA guidelines suggest that preschool-aged children
should 1) be physically active for at least 3 hours with light-, moderate-, and vigorousintensity every day; 2) spend less than 1 hour per day for screen time; and 3) not be sedentary
for more than 1 hour at a time except sleeping (Okely et al., 2008; Reilly et al., 2011)
However, a number of preschool-aged children in the U.S do not meet those
guidelines. According to a review study which included 31 studies related to preschool
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children’s PA and sedentary time, the children spend 2% - 41% of their day in moderate to
vigorous-intensity PA, 4% - 33% in light-intensity physical activity and 34%-94% sedentary
(Hnatiuk, Salmon, Hinkley, Okely, & Trost, 2014). Even though such variability may exist, it
is clear that there is a higher percentage of children in sedentary behavior rather than
physically active behavior. In addition, there is a significant difference between preschool
boys and girls. As expected, preschool boys tend to have a higher level of physical activity
than preschool girls (Hinkley, Crawford, Salmon, Okely, & Hesketh, 2008).
Physical activity of children with developmental disabilities
Even though a high percentage of TD children does not meet recommended PA time,
the PA of children with DD is comparable to them. The weekday’s of moderate physical
activity in children with ASD (aged 3 – 11) was significantly lower than TD peers (Bandini
et al., 2013). Their parents reported that children with ASD participated in fewer types of PA
(e.g., basketball, swimming, and bicycling) than TD children. Moreover, there is a recess
moderate-to-vigorous physical activity (MVPA) difference between children with ASD and
TD children (aged 7 – 12) (Pan, 2008). Children with ASD only spend 27.70% but TD
children spend 36.15% of recess for PA during recess. This gap may be increasing as they
age (Pan, 2008). On the other hand, some studies suggested that children with ASD are more
physically active than TD children (aged 2 - 5) (Ketcheson, Hauck, & Ulrich, 2016).
Objectively measured PA level of young children with ASD in their home environment was
significantly higher than TD young children.
Objectively measured PA of Children with ID (aged 6 – 16 years) was significantly
lower than that of TD children (Einarsson, Jóhannsson, Daly, & Arngrímsson, 2016) during
school and after school. In this study, they also found that children with ID were more active
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during school than after school. The severity of disabilities may decrease physical activity in
children with ID during school (Sit et al., 2017). This study categorized ID based on severity
using a scale ranging from mild, moderate, and severe. The physical activity of boys with
severe ID was significantly lower than other IDs. This result was not found in girls with IDs.
In addition to children’s mental development, their ambulant (independence of walking/
independently ambulant, marginally ambulant, non-ambulant) also may decrease physical
activity level. Even though children with cerebral palsy (aged 4 -5) showed sedentary
behaviors more than half of their waking hours, they tend to meet physical activity guidelines
if the children were independently able to move (Keawutan et al., 2017).
A study found that children with ADHD are more physically active than their agematched peers without ADHD. But this trend was not found in a specific time period (i.e.,
afternoon at school and evening at home). Even though they have higher PA than their peers
without ADHD, a nationally representative study indicated that youths with ADHD (aged 10
- 17) did not meet PA recommendations. Another study confirmed that there is a gender
difference in the physical activity level of youth with ADHD (aged 12 -13). Females with
ADHD had significantly more step counts than the control group but there was no significant
physical activity difference in males between groups.
Motor skill development
The term “motor skills” refers to a voluntary goal-oriented movement that is learned
or relearned and requires the use of limbs and skills in which both the movement and the
outcome of action are emphasized (Skinner & Piek, 2001). The dynamic system theory is the
most well-known approach to explain development. It conceptualizes the combination of
complicated nonlinear systems in physics and mathematics with traditional biological and

96

psychological approaches. There are two main concepts of dynamic system theory: (1)
Development should be understood in the context of multiple, mutual, and continuous
interaction between all levels of the developing system and (2) Development should be
understood in the nested processes that disentangle over many timescales. Even though these
concepts can be applied to all different species, it specifically targets the process of human
development. Traditional developmentalists considered newly learned behavior originating
from either the organism or the environment. However, a more recently accepted version is
that development is affected by both the organism and the environment.
Importance of motor skills
Motor skills are generally categorized into two types (gross and fine). Motor skills
development in children is an important factor that contributes to children’s movement
(Spencer et al., 2009) and the interconnectedness of movement with the development of early
cognition (Campos et al., 2000). The development of children’s gross motor skills is essential
for optimal physical and social development, athletic performance and daily activities (Cools,
Martelaer, Samaey, & Andries, 2009; Dumith, Gigante, Domingues, & Kohl, 2011). Fine
motor skills play an important role in daily activity performance such as dressing and feeding
(Marr et al., 2003). Strong fine motor skills in children are related with higher academic
achievement, such as mathematical and earlier reading development (Cameron et al., 2012;
Luo, Jose, Huntsinger, & Pigott, 2007). Empirical research suggests that better motor skills
positively impact other fundamental aspects of children development (Diamond, 2000; van
der Fels et al., 2015). A meta-analysis including 43 studies found that motor skills were
highly related to social cognition, language development and positive social interactions
(Leonard & Hill, 2014). Improving motor skills may positively impact social opportunities
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throughout development increasing the number of interaction opportunities with others so
that children with ASD develop appropriate social behaviors. Child PA contributes to motor
skill development, which has strong relations to other aspects of child development including
social and language development, as well as academic achievement (Kantomaa et al., 2013;
Laukkanen, Pesola, Havu, Sääkslahti, & Finni, 2014). Motor skill development is also related
to communication skills (Rechetnikov & Maitra, 2009) a relationship that has shown stability
over time (Viholainen et al., 2006). In addition, motor skills at 1 12 years of age predict
communication skills at 3 years of age (Wang, Lekhal, Aarø, & Schjølberg, 2014).
Although free play allows children to experience a variety of motor movements, it
does not guarantee the learning of motor skills (Gagen & Getchell, 2006). Motor skills
should be taught to maximize children’s motor skills, even though maturation is the driving
force for their motor skill development (Gagen & Getchell, 2006; Mahoney & Wiggers,
2007). Children acquire motor skills through learning, reinforcement, and practice (Goodway
& Branta, 2003; Robinson & Goodway, 2009; Valentini & Rudisill, 2004b). Purposeful
repetitive participation in physical activity leads to the development of motor skills and
coordination (Shephard, Jequier, Lavallee, La Barre, & Rajic, 1980).
Motor skill development of children with DD
Motor skill development of children with DD has long been a study outcome as they
may experience similar an etiology and motor skill deficits have been considered as one of
the shared factors (Diamond, 2000; Martin, Piek, Baynam, Levy, & Hay, 2010). There may
be an interrelated relationship between motor impairments and mental delays and poor
learning performance. One of possible evidence can be found in the brain area that control
motor and cognitive function. Diamond (2000) suggested that the cerebellum is not only
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important for controlling motor skills but also important for controlling cognitive funtions
and the preforntal cortext not only influences on cognitive function but also effects on motor
skills.
Motor skill development of children with autism spectrum disorder
In addition to core characteristics of ASD such as social and communication deficits,
individuals with ASD also experience motor skill deficits, which present at an early age
(Lloyd, MacDonald, & Lord, 2013; Provost, Heimerl, & Lopez, 2007) . Motor skill deficits
are not currently used to phenotype individuals with ASD, yet one study suggests that
persistent head-lag, a progressive aspect of motor development, is one of the earliest defining
features of ASD (Flanagan, Landa, Bhat, & Bauman, 2012). In the study, infant siblings of
children with ASD were measured prospectively by a pull-to-sit test from 6 to 36 months and
the presence of persistent head-lag at 6 months had strong associations with a confirmed
ASD diagnosis at 36 months of age. Other common motor skill deficits indicted in early
development include delayed postural development (Nickel, Thatcher, Keller, Wozniak, &
Iverson, 2013b), delayed interceptive actions(catching, hitting, and kicking) and core
balance ability (Whyatt & Craig, 2012). In addition, children aged from 5 – 10 years showed
significant gross motor skill delays when compared to their age matched peers (Liu,
Hamilton, Davis, & ElGarhy, 2014). Children with ASD received poorer standard scores of
TGMD-2 (gross-motor skill assessment) in both locomotor and objective control skills
compared to children without ASD.
Motor skill development of children with developmental coordination disorder
Developmental coordination disorder (DCD), is characterized by motor impairment
that hinder child’s activities such as daily living and academic performance (Barnhart,
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Davenport, Epps, & Nordquist, 2003; American Psychiatric Association, 2013). The
diagnosis criteria includes: 1) Motor impairment must significantly hinder some aspect of the
individual’s life 2) Impairment alone does not identify a child for the diagnosis of DCD 3) If
the child experiences identifiable neurological problems such as ataxia or spasticity, sensory
loss, or involuntary movements, he/she can’t be considered as DCD. 4) IQ must be higher
than 70 with significant motor impairment. DCD is a pervasive concern in public health (J
Cairney, Hay, Faught, & Hawes, 2005) as these problems continue into adulthood.
Motor skill development of children with attention-deficit hyperactivity disorder
Attention-deficit hyperactivity disorder (ADHD) is a pervasive disorder,
characterized by persistent patterns of inattention, hyperactivity as well as impulsivity
(Zwicker, Missiuna, Harris, & Boyd, 2012). ADHD affects about 5.29% of children, 7.1% of
adolescents and 3.4% of adults (Visser, Bitsko, Danielson, Perou, & Blumberg, 2010).
Children with ADHD experience more deficits in both fine and gross motor skills than
children without ADHD (Willcutt, 2012). Moreover, DCD is often considered as a comorbid
of ADHD (Barkley, 2014). Children with ADHD displayed slower and more heterogeneous
reaction times compared to typically developing children (Klotz, Johnson, Wu, Isaacs, &
Gilbert, 2012). Moreover, ADHD children with high levels of inattention experience poorer
motor skills performance than ADHD children with hyperactivity or impulsivity
(Papadopoulos, Rinehart, Bradshaw, & McGinley, 2013). Medication does not improve the
motor skills of ADHD children with a severe motor skill impairment, but improves the motor
skills of ADHD children with a mild motor skill impairment (Kaiser, Schoemaker, Albaret,
& Geuze, 2015).
Motor skill development of children with intellectual disability
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A large body of literature found that children with ID experience motor skill deficits
(Frey & Chow, 2006; Hartman et al., 2010; Simons et al., 2008; Westendorp, Houwen,
Hartman, & Visscher, 2011). Frey and Chow (2006) found that youth with ID had lower
motor skills than TD youth after controlling age and gender. The author of this study also
indicated that their weight status (high BMI) may partially affect their motor skills. Echoing
this result, Hartman et al. (2010) also found that children with mild ID had significantly
lower locomotor skills, but not objective motor skills compared to TD children. The severity
of ID may be one of the factors negatively impacting the motor skills of children with ID.
The objectively measured locomotor motor skills of children with mild ID was significantly
lower than children with borderline ID (Westendorp et al., 2011). Even though the results
suggest that the motor skill difference between children with ID and TD children may vary
based on specific motor skills (locomotor vs. objective) and the severity of ID, they provided
consistent results, indicating children with ID have lower motor skills than TD children.
The association between PA and motor skills
PA has been considered as a significant factor that influences motor skill
development in young children (Carson et al., 2017). Even though motor skill proficiency is
a factor that impacts participation in PA, conversely, PA has also been considered as a factor
that influences the motor skill development of children (Butcher & Eaton, 1989). Fisher et al.
(2005) confirmed that pre-school aged children engaging in moderate to vigorous physical
activity (MVPA) was significantly associated with total movement skill scores (r = 0.18, P <
0.001), but light-intensity physical activity was not related with the motor skills of children
(r= 0.02, P>0.05). More recently, Williams et al. (2008) found that pre-school aged children
who had higher levels of MVPA and vigorous PA were least likely to be in low motor skill
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tertile compared to children who had lower levels of MVPA and VPA. This association was
clearer in four-year-old children, than three-year-olds. Due to the fact that fundamental motor
skill (FMS) development is an emerging stage in three-year-olds, motor skills may be less of
a facilitator for PA participation compared to the motor skills of children aged four.
However, there was no significant association between PA and objective motor skills.
Other studies investigated this association focusing on type of PA ((Sääkslahti et al.,
1999) and duration of PA (Lin, Cherng, & Chen, 2017). In a study conducted by (Sääkslahti
et al., 1999), physical activity (very active indoor and outdoor play) were significantly
correlated with a specific type of motor skill development (throwing at a target, running
speed; r=0.24, p = 0.014, r=0.21; p = 0.037). They indicated that one possible mechanism is
that children can use their whole musculature and power-related ability which are connected
to improving running velocity and jumping distance during outdoor play. Moreover, the
duration of PA were associated with motor difficulty in pre-school aged children (Lin et al.,
2017). In this study, children who participated in PA less than 840 mins/wk were
significantly more likely to experience motor difficulty (MABC-2; <5th percentile) than
children who participated in physical activity over 840 min/wk (OR=2.3; 95% CI:10, 5.1).
However, it is not clear whether children with motor difficulty participated less in physical
activity or vice versa.
A large body of literature suggested that one of the critical factors that influence physical
activity participation in children is their motor skills (Jaakkola, Yli-Piipari, Huotari, Watt, &
Liukkonen, 2016; Raudsepp & Päll, 2006; Stodden et al., 2008; Wrotniak, Epstein, Dorn,
Jones, & Kondilis, 2006). Wrotniak et al. (2006) found a positive association between
fundamental motor skills (FMS) in school aged children (8 – 10 years) and their PA
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participation. In this study, children’s FMS explained 30% of the variance of their PA
behavior. Moreover, (Raudsepp & Päll, 2006) found that children who have better throwing
and jumping skills were likely to participate in motor skill-related activities. This association
was also found in the longitudinal study. FMS of Children at 12 years of age was a
significant predictor of their physical activity level (all intensity) 6 years later (Jaakkola et
al., 2016). If a child has a better FMS, he/she may be able to find more opportunities to be
engaged in PA and/or sports compared to a child with poor FMS.
Overall, even though most studies found significant relationships between MVPA and
motor skill development in children, the variation of the relationships was relatively weak.
These results may show that habitual physical activity does not guarantee the improvement
of motor skill development.
The effect of structured PA on motor skill development in typically developing children

In contrast to habitual physical activity, structured and reinforced PA such as
intervention or physical education have significant impacts on motor skill development.
Teixeira et al. (2015) examined how a structured physical education program (45min
2mins/wk for 24 wk) with a physical education teacher influences psychomotor skills
(coordination, balance; laterality) of young children aged 3-5. Compared to the control group
(standard preschool education program including unstructured physical activity) without a
physical education teacher, the experimental group significantly increased in the post
psychomotor skills. However, the effect of motor intervention may be limited to the specific
motor skills. Draper, Achmat, Forbes, and Lambert, (2012) indicated that significant
differences between the experimental group (supervised structured physical activity for 3-4
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time/wk, 45-60 min/time for 8 months) and the control group (usual care) were only found in
sliding, control, catching, and striking, not in running, galloping, hopping, bouncing a ball,
kicking, throwing, rolling and leaping at a seven month follow-up.
A systemic review (Veldman, Jones, & Okely, 2016) highlighted the importance of
individuals who deliver the intervention for the successful results which target young
children (0-5 years). In this review, the authors found that 86% of motor skill intervention
studies which found significant effects on children’s motor skills included the experienced
staff members or educators.
Even though a large body of literature found significant results, some studies found
no significant outcomes of the intervention on children’s motor skills (Bonvin et al., 2012;
Iivonen, Sääkslahti, & Nissinen, 2011; Vries & Geurts, 2014). The reasons why studies
provided inconsistent results include but are not limited to different components of
intervention (e.g., dose, PA setting, and absence of interventionists), ethnicity, measurement
of motor skills, and study designs.
The effect of PA on motor skill development in children with DD
A systematic review (Johnson, 2009) indicated that PA participation positively influences
the motor function of children with cerebral palsy. However, the type of PA is limited to
structured and therapist-centered PA (e.g., motor intervention and therapy). Especially,
horse-back riding therapy significantly improved gross motor skills and functional
performance such as muscle symmetry of trunk and hip (Snider, Korner-Bitensky,
Kammann, Warner, & Saleh, 2007; Sterba, 2006b). Moreover, adapted downhill skiing
intervention for children with CP significantly improved their motor function (Sterba, 2006).
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On the other hand, aquatic interventions did not significantly improve fine and gross motor
skills of children with neuromotor impairment (Getz, Hutzler, & Vermeer, 2006).
Parental behaviors
Parental behaviors and child’s physical activity
A frequently used theory is Bandura’s social cognitive theory (O’Connor, Jago, &
Baranowski, 2009) when examining the relationship between parents and child’s physical
activity. In addition, Welk (1999) introduced a conceptual model targeting child’s PA
behaviors based on a social-ecological framework. The main assumption of Social Cognitive
Theory is the reciprocal interrelationship between individuals, behaviors, and environment.
Given the theory, child’s behaviors are influenced by parent’s behaviors, attitudes, and
values. To effectively regulate behaviors, individuals may want to have another individual
perform as a proxy to regulate their behaviors (Bandura, 2006). For children, parents may be
a helpful resource for regulating their PA behaviors. Parents may organize their child’s play
activities and provide transportation to PA-related programs. A study conducted by Norton et
al. (2003) found that parental physical activity modeling and their involvement in child’s
exercise influence on children’s PA behaviors and this impacted behaviors remained beyond
adolescence.
Parental support and child’s physical activity
Parents act as an important role in improving the youth’s physical activity
participation
Especially, parent support and behavioral modeling are considered as significant factors that
influence their child’s physical activity behaviors. The more parents financially support their
child such as purchasing equipment and paying participation fees, the more their children
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participated in physical activity. Even though there is an association between parents and
children’s physical activity, the time spent in physical activity together is very short.
Objectively measured parent-child pairs MVPA is only 2.4 min. (SD = 4.1) but their
sedentary behavior together is 92.9min (SD = 40.1) out of 233.6 minutes (SD = 80.0)
(Dunton et al., 2012). Moreover, in this study, the MVPA of children’s afterschool waking
hours was 19.5 minutes (SD = 15.5) and their sedentary behavior was 170.7 minutes (SD =
53.53). In another study examining the effect of parent engagement in their child’s PA level,
when parents are directly engaged in PA (doing with) and provided encouragement for PA,
their children were more likely to be engaged in physical activity. Rebold, Lepp, Kobak,
McDaniel, & Barkley (2016) found that when parents were engaging in physical activity with
their child together, their children’s physical activity participation increased. Moreover,
children’s preference for PA increased when their parents participated with them. As parents
play a gatekeeper role for their children, a large body of literature examined how parents
influence their child’s physical activity (Gortmaker et al., 1999; Norton et al., 2003;
O’Connor et al., 2009; Timperio, Salmon, & Ball, 2004). There are several possible
mechanisms explaining the relationship: shared activity between parents and child, parent’s
role modeling, and organized activity by parents (Gustafson & Rhodes, 2006). Moreover,
parents who provided logistic support (e.g., involving in child’s PA or providing
transportation) result in children with higher levels of PA (Jago et al., 2011). Specifically,
this association varied based on child’s sex. Girl’s PA was affected by their mother’s logistic
support and boy’s PA was affected by their father’s logistic support.
In addition to parent’s direct support, the home environment influences a child’s physical
activity. A study (Spurrier, Magarey, Golley, Curnow, & Sawyer, 2008) found that the size
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of backyard and the amount of outdoor play equipment were positively related with a child’s
PA. However, this study also mentioned that these findings need to be explained in the
context of multiple sources. For example, an active family may be more likely to purchase
PA-equipment or a home with a large backyard. Thus, their overall lifestyle may influence
their child’s PA, not only the two (play equipment and backyard size) factors. It has been
widely recognized that parents can positively impact their child’s PA behaviors (Moore et al.,
1991). The potential mechanisms for the association includes parental support, modeling,
shared activities, and genetics (Gustafson & Rhodes, 2006). In this study, the author also
suggested that there is a lack of empirical findings in regard to the relationship between
parent’s physical activity and child’s physical activity (Gustafson & Rhodes, 2006). A study
found that objectively measured parent’s PA was not associated with child’s PA (Jago, Fox,
Page, Brockman, & Thompson, 2010). However, this study found the association between
girl’s sedentary time and their parent’s sedentary time.
Parental behaviors and child’s motor skill development
Parent-engaged PA intervention showed a significant effect on motor skill
performance in pre-school aged children (Reilly et al., 2006). In this cluster randomized
controlled study, there were two groups; parent-involved PA intervention and non-parentinvolved PA intervention groups. In a parent-involved PA group, parents received a resource
pack which consisted of materials for their child’s PA and parents were asked to increase
their child’s physical activity using the materials at home or a nursery. Even though there
was no significant group difference on child’s PA, children in a parent-involved PA group
had significantly improved their motor skills compared to the control group (Reilly et al.,
2006). In other words, parents were successfully able to increase their child’s motor skills if
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appropriate resources are available to parents. More recently, another parent-involved PA
intervention study also found that parent-involved PA intervention had greater effects on
motor skills development in pre-school aged children (Zask et al., 2012). In this study,
parents in an intervention group were educated by trained interventionists about limiting
sedentary behaviors and increasing PA in their daily routine. Children in this group had
significantly improved motor skills compared to the control group (receiving traditional
intervention without parent-involvement)
A review by Riethmuller, Jones, & Okely (2009) clearly indicated the importance of
parent involvement in the implementation of motor skill intervention. To maximize
children’s motor performance, parents need to apply the knowledge from the intervention to
their daily routine and home environment. Moreover, they also indicated that parents’
encouragement, support, and providing opportunities for physical activity are critical for
successful motor skill improvement in children, especially in young aged children (0 –
5years). Given the importance of parent involvement, Wasenius et al. (2017) investigated the
effects of motor intervention with parent involvement by comparing the typical motor
intervention without parent involvement. They found that parent-involved motor intervention
similarly influenced the motor skills of pre-school aged children with not-parent-involved
motor intervention. However, they indicated the difficulty of parent-implemented motor
intervention in the home environment in terms of scalability and feasibility. In this study,
parents were trained through the hard copy of manual and online webinars but the study did
not track how parents use the materials. To effectively develop parental training program or
train parents, it is important to know their base level of parental behaviors. It will allow
researchers to specifically target their strength or weakness.

108

References
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders. In Arlington. https://doi.org/10.1176/appi.books.9780890425596.744053
Bandini, L. G., Gleason, J., Curtin, C., Lividini, K., Anderson, S. E., Cermak, S. A., … Must,
A. (2013). Comparison of physical activity between children with autism spectrum
disorders and typically developing children. Autism: The International Journal of
Research & Practice, 17(1), 44–54. Retrieved from aph.
Bandura, A. (2006). Toward a psychology of human agency. Perspectives on Psychological
Science, 1(2), 164–180. https://doi.org/10.1111/j.1745-6916.2006.00011.x
Barkley, R. A. (2014). Attention-deficit hyperactivity disorder: A handbook for diagnosis and
treatment. Guilford Publications.
Barnhart, R., Davenport, M., Epps, S., & Nordquist, V. (2003). Developmental coordination
disorder. Physical Theraphy, 83(8), 722–731.
Bonvin, A., Barral, J., Kakebeeke, T. H., Kriemler, S., Longchamp, A., Marques-Vidal, P., &
Puder, J. J. (2012). Weight status and gender-related differences in motor skills and in
child care - based physical activity in young children. BMC Pediatrics, 12(1).
https://doi.org/10.1186/1471-2431-12-23
Boyle, C. A., Boulet, S., Schieve, L. A., Cohen, R. A., Blumberg, S. J., Yeargin-Allsopp, M.,
… Kogan, M. D. (2011). Trends in the prevalence of developmental disabilities in US
children, 1997-2008. PEDIATRICS, 127(6), 1034–1042.
https://doi.org/10.1542/peds.2010-2989

109

Brewer, N., & Smith, G. A. (1982). Cognitive processes for monitoring and regulating speed
and accuracy of responding in mental retardation: A methodology. American Journal
of Mental Deficiency, 87(2), 211–222.
Butcher, J. E., & Eaton, W. O. (1989). Gross and fine motor proficiency in preschoolers.
Journal of Human Movement Studies, 16(1), 27–36.
Cairney, J., Hay, J. a, Faught, B. E., & Hawes, R. (2005). Developmental coordination
disorder and overweight and obesity in children aged 9-14 y. International Journal of
Obesity (2005), 29(4), 369–372. https://doi.org/10.1038/sj.ijo.0802893
Cameron, C. E., Brock, L. L., Murrah, W. M., Bell, L. H., Worzalla, S. L., Grissmer, D., &
Morrison, F. J. (2012). Fine motor skills and executive function both contribute to
kindergarten achievement. Child Development, 83(4), 1229–1244.
https://doi.org/10.1111/j.1467-8624.2012.01768.x
Campos, J. J., Anderson, D. I., Barbu-Roth, M., Hubbard, E. M., Hertenstein, M. J., &
Witherington, D. (2000). Travel broadens the mind. Infancy, 1(2), 149–219.
https://doi.org/10.1207/S15327078IN0102
Carson, V., Lee, E.-Y., Hewitt, L., Jennings, C., Hunter, S., Kuzik, N., … Tremblay, M. S.
(2017). Systematic review of the relationships between physical activity and health
indicators in the early years (0-4 years). BMC Public Health, 17(S5).
https://doi.org/10.1186/s12889-017-4860-0
Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public Health
Reports, 100(2), 126–131.

110

Cools, W., Martelaer, K. De, Samaey, C., & Andries, C. (2009). Movement skill assessment
of typically developing preschool children: a review of seven movement skill
assessment tools. Journal of Sports Science & Medicine, 8(2), 154–168.
https://doi.org/10.1016/S0031-9406(05)66164-0
Diamond, A. (2000). Close interrelation of motor development and cognitive development
and of the cerebellum and prefrontal cortex. Child Development, 71(1), 44–56.
https://doi.org/10.1111/1467-8624.00117
Draper, C. E., Achmat, M., Forbes, J., & Lambert, E. V. (2012). Impact of a communitybased programme for motor development on gross motor skills and cognitive function
in preschool children from disadvantaged settings. Early Child Development and
Care, 182(1), 137–152. https://doi.org/10.1080/03004430.2010.547250
Dumith, S. C., Gigante, D. P., Domingues, M. R., & Kohl, H. W. (2011). Physical activity
change during adolescence: A systematic review and a pooled analysis. International
Journal of Epidemiology, 40(3), 685–698. https://doi.org/10.1093/ije/dyq272
Dunton, G. F., Liao, Y., Almanza, E., Jerrett, M., Spruijt-Metz, D., Chou, C.-P., & Pentz, M.
A. (2012). Joint physical activity and sedentary behavior in parent–child pairs:
Medicine & Science in Sports & Exercise, 44(8), 1473–1480.
https://doi.org/10.1249/MSS.0b013e31825148e9
Einarsson, I. Þ., Jóhannsson, E., Daly, D., & Arngrímsson, S. Á. (2016). Physical activity
during school and after school among youth with and without intellectual disability.
Research in Developmental Disabilities, 56, 60–70.
https://doi.org/10.1016/j.ridd.2016.05.016

111

Ekelund, U. (2012). Moderate to Vigorous Physical Activity and Sedentary Time and
Cardiometabolic Risk Factors in Children and Adolescents. JAMA, 307(7), 704.
https://doi.org/10.1001/jama.2012.156
Fisher, A., Reilly, J. J., Kelly, L. A., Montgomery, C., Williamson, A., Paton, J. Y., & Grant,
S. (2005). Fundamental movement skills and habitual physical activity in young
children: Medicine & Science in Sports & Exercise, 37(4), 684–688.
https://doi.org/10.1249/01.MSS.0000159138.48107.7D
Flanagan, J. E., Landa, R., Bhat, A., & Bauman, M. (2012). Head lag in infants at risk for
autism: A preliminary study. American Journal of Occupational Therapy, 66(5), 577–
585. https://doi.org/10.5014/ajot.2012.004192
Frey, G. C., & Chow, B. (2006). Relationship between BMI, physical fitness and motor skills
in youth with mild intellectual disabilities. International Journal of Obesity, 30(5),
861–867. https://doi.org/10.1038/sj.ijo.0803196
Gagen, L. M., & Getchell, N. (2006). Using “constraints” to design developmentally
appropriate movement activities for early childhood education. Early Childhood
Education Journal, 34(3), 227–232. https://doi.org/10.1007/s10643-006-0135-6
Getz, M., Hutzler, Y., & Vermeer, A. (2006). Effects of aquatic interventions in children
with neuromotor impairments: a systematic review of the literature. Clinical
Rehabilitation, 20(11), 927–936. https://doi.org/10.1177/0269215506070693
Goodway, J. D., & Branta, C. F. (2003). Influence of a motor skill intervention on
fundamental motor skill development of disadvantaged preschool children. Research
Quarterly for Exercise and Sport, 74(1), 36–46.
https://doi.org/10.1016/j.jada.2009.05.006

112

Gortmaker, S. L., Cheung, L. W. Y., Peterson, K. E., Chomitz, G., Cradle, J. H., Dart, H., …
Laird, N. (1999). Impact of a school-based interdisciplinary intervention on diet and
physical activity among urban primary school children: Eat well and keep moving.
Archives of Pediatrics & Adolescent Medicine, 153(9), 975.
https://doi.org/10.1001/archpedi.153.9.975
Gustafson, S. L., & Rhodes, R. E. (2006a). Parental correlates of physical activity in children
and early adolescents: Sports Medicine, 36(1), 79–97.
https://doi.org/10.2165/00007256-200636010-00006
Gustafson, S. L., & Rhodes, R. E. (2006b). Parental correlates of physical activity in children
and early adolescents: Sports Medicine, 36(1), 79–97.
https://doi.org/10.2165/00007256-200636010-00006
Hartman, E., Houwen, S., Scherder, E., & Visscher, C. (2010). On the relationship between
motor performance and executive functioning in children with intellectual disabilities:
Motor and executive functioning in children with ID. Journal of Intellectual
Disability Research, 54(5), 468–477. https://doi.org/10.1111/j.13652788.2010.01284.x
Iivonen, S., Sääkslahti, A., & Nissinen, K. (2011). The development of fundamental motor
skills of four‐ to five‐year‐old preschool children and the effects of a preschool
physical education curriculum. Early Child Development and Care, 181(3), 335–343.
https://doi.org/10.1080/03004430903387461
Jaakkola, T., Yli-Piipari, S., Huotari, P., Watt, A., & Liukkonen, J. (2016). Fundamental
movement skills and physical fitness as predictors of physical activity: A 6-year

113

follow-up study: Motor skills, fitness, and physical activity. Scandinavian Journal of
Medicine & Science in Sports, 26(1), 74–81. https://doi.org/10.1111/sms.12407
Jago, R., Davison, K. K., Brockman, R., Page, A. S., Thompson, J. L., & Fox, K. R. (2011).
Parenting styles, parenting practices, and physical activity in 10- to 11-year olds.
Preventive Medicine, 52(1), 44–47. https://doi.org/10.1016/j.ypmed.2010.11.001
Jago, R., Fox, K. R., Page, A. S., Brockman, R., & Thompson, J. L. (2010). Parent and child
physical activity and sedentary time: Do active parents foster active children? BMC
Public Health, 10(1). https://doi.org/10.1186/1471-2458-10-194
Jenkins, G. P., Evenson, K. R., Herring, A. H., Hales, D., & Stevens, J. (2017).
Cardiometabolic correlates of physical activity and sedentary patterns in U.S. Youth:
Medicine & Science in Sports & Exercise, 49(9), 1826–1833.
https://doi.org/10.1249/MSS.0000000000001310
Johnson, C. C. (2009). The benefits of physical activity for youth with developmental
disabilities: A systematic review. American Journal of Health Promotion, 23(3), 157–
167. https://doi.org/10.4278/ajhp.070930103
Kaiser, M.-L., Schoemaker, M. M., Albaret, J.-M., & Geuze, R. H. (2015). What is the
evidence of impaired motor skills and motor control among children with attention
deficit hyperactivity disorder (ADHD)? Systematic review of the literature. Research
in Developmental Disabilities, 36(pp 338-357), January.
https://doi.org/10.1016/j.ridd.2014.09.023
Kantomaa, M. T., Stamatakis, E., Kankaanpää, A., Kaakinen, M., Rodriguez, A., Taanila, A.,
… Tammelin, T. (2013). Physical activity and obesity mediate the association
between childhood motor function and adolescents’ academic achievement.

114

Proceedings of the National Academy of Sciences, 110(5), 1917–1922.
https://doi.org/10.1073/pnas.1214574110
Kavey, R.-E. W., Allada, V., Daniels, S. R., Hayman, L. L., McCrindle, B. W., Newburger,
J. W., … Steinberger, J. (2006). Cardiovascular risk reduction in high-risk pediatric
patients: A scientific statement from the American heart association expert panel on
population and prevention Science; the councils on cardiovascular disease in the
young, epidemiology and prevention, nutrition, physical activity and metabolism,
high blood pressure research, cardiovascular nursing, and the kidney in heart disease;
and the interdisciplinary working group on quality of care and qutcomes research:
endorsed by the American academy of pediatrics. Circulation, 114(24), 2710–2738.
https://doi.org/10.1161/CIRCULATIONAHA.106.179568
Keawutan, P., Bell, K. L., Oftedal, S., Davies, P. S. W., Ware, R. S., & Boyd, R. N. (2017).
Habitual physical activity in children with cerebral palsy aged 4 to 5 years across all
functional abilities: Pediatric Physical Therapy, 29(1), 8–14.
https://doi.org/10.1097/PEP.0000000000000327
Ketcheson, L., Hauck, J., & Ulrich, D. (2016). The effects of an early motor skill intervention
on motor skills, levels of physical activity, and socialization in young children with
autism spectrum disorder: A pilot study. Autism, 1362361316650611.
https://doi.org/10.1177/1362361316650611
Klotz, J. M., Johnson, M. D., Wu, S. W., Isaacs, K. M., & Gilbert, D. L. (2012). Relationship
between reaction time variability and motor skill development in ADHD. Child
Neuropsychology, 18(October 2014), 576–585.
https://doi.org/10.1080/09297049.2011.625356

115

Laukkanen, A., Pesola, A., Havu, M., Sääkslahti, A., & Finni, T. (2014). Relationship
between habitual physical activity and gross motor skills is multifaceted in 5- to 8year-old children. Scandinavian Journal of Medicine & Science in Sports, 24(2),
e102–e110. https://doi.org/10.1111/sms.12116
Leonard, H. C., & Hill, E. L. (2014). Review: The impact of motor development on typical
and atypical social cognition and language: a systematic review. Child and
Adolescent Mental Health, 19(3), 163–170. https://doi.org/10.1111/camh.12055
Lin, L.-Y., Cherng, R.-J., & Chen, Y.-J. (2017). Relationship between time use in physical
activity and gross motor performance of preschool children. Australian Occupational
Therapy Journal, 64(1), 49–57. https://doi.org/10.1111/1440-1630.12318
Liu, T., Hamilton, M., Davis, L., & ElGarhy, S. (2014). Gross motor performance by
children with autism spectrum disorder and typically developing children on TGMD2. Journal of Child and Adolescent Behaviour. https://doi.org/10.4172/23754494.1000123
Lloyd, M., MacDonald, M., & Lord, C. (2013). Motor skills of toddlers with autism spectrum
disorders. Autism : The International Journal of Research and Practice, 17(2), 133–
146. https://doi.org/10.1177/1362361311402230
Luo, Z., Jose, P. E., Huntsinger, C. S., & Pigott, T. D. (2007). Fine motor skills and
mathematics achievement in East Asian American and European American
kindergartners and first graders. British Journal of Developmental Psychology, 25(4),
595–614. https://doi.org/10.1348/026151007X185329
Mahoney, G., & Wiggers, B. (2007). The role of parents in early intervention: Implications
for social work. Children & Schools, 29(1), 7–15. http://dx.doi.org/10.1093/cs/29.1.7

116

Marr, D., Cermak, S., Cohn, E. S., & Henderson, A. (2003). Fine motor activities in head
start and kindergarten classrooms. American Journal of Occupational Therapy, 57(5),
550–557. https://doi.org/10.5014/ajot.57.5.550
Martin, N. C., Piek, J., Baynam, G., Levy, F., & Hay, D. (2010). An examination of the
relationship between movement problems and four common developmental disorders.
Human Movement Science, 29(5), 799–808.
https://doi.org/10.1016/j.humov.2009.09.005
Moore, L. L., Lombardi, D. A., White, M. J., Campbell, J. L., Oliveria, S. A., & Ellison, R.
C. (1991). Influence of parents’ physical activity levels on activity levels of young
children. The Journal of Pediatrics, 118(2), 215–219. https://doi.org/10.1016/S00223476(05)80485-8
Nickel, L. R., Thatcher, A. R., Keller, F., Wozniak, R. H., & Iverson, J. M. (2013). Posture
development in infants at heightened versus low risk for autism spectrum disorders.
Infancy, 18(5), 639–661. https://doi.org/10.1111/infa.12025
Norton, D. E., Froelicher, E. S., Waters, C. M., & Carrieri-Kohlman, V. (2003). Parental
influence on models of primary prevention of cardiovascular disease in children.
European Journal of Cardiovascular Nursing, 2(4), 311–322.
https://doi.org/10.1016/S1474-5151(03)00072-0
O’Connor, T. M., Jago, R., & Baranowski, T. (2009). Engaging parents to increase youth
physical activity. American Journal of Preventive Medicine, 37(2), 141–149.
https://doi.org/10.1016/j.amepre.2009.04.020
Odom, L., Horner, H., & Snell, E. (2009). Handbook of Developmental Disabilities. Guilford
press.

117

Oliveira, F. L. C., Patin, R. V., & Escrivão, M. A. M. S. (2014). Atherosclerosis prevention
and treatment in children and adolescents. Expert Review of Cardiovascular Therapy,
8, 513–528. https://doi.org/10.1586/erc.09.170
Pahkala, K., Heinonen, O. J., Lagström, H., Hakala, P., Hakanen, M., Hernelahti, M., …
Simell, O. (2012). Clustered metabolic risk and leisure-time physical activity in
adolescents: effect of dose? British Journal of Sports Medicine, 46(2), 131–137.
https://doi.org/10.1136/bjsm.2010.073239
Pan, C.-Y. (2008). Objectively measured physical activity between children with autism
spectrum disorders and children without disabilities during inclusive recess settings in
Taiwan. Journal of Autism and Developmental Disorders, 38(7), 1292–1301.
https://doi.org/10.1007/s10803-007-0518-6
Papadopoulos, N., Rinehart, N., Bradshaw, J. L., & McGinley, J. L. (2013). Brief report:
Children with ADHD without Co-morbid autism do not have impaired motor
proficiency on the movement assessment battery for children. Journal of Autism and
Developmental Disorders, 43(6), 1477–1482. https://doi.org/10.1007/s10803-0121687-5
Provost, B., Heimerl, S., & Lopez, B. R. (2007). Levels of gross and fine motor development
in young children with autism spectrum disorder. Physical & Occupational Therapy
in Pediatrics, 27(3), 21–36. https://doi.org/10.1080/J006v27n03_03
Provost, B., Lopez, B. R., & Heimerl, S. (2007). A comparison of motor delays in young
children: Autism spectrum disorder, developmental delay, and developmental
concerns. Journal of Autism and Developmental Disorders, 37(2), 321–328.
https://doi.org/10.1007/s10803-006-0170-6

118

Raudsepp, L., & Päll, P. (2006). The relationship between fundamental motor skills and
outside-school physical activity of elementary school children. Pediatric Exercise
Science, 18(4), 426–435. https://doi.org/10.1123/pes.18.4.426
Rebold, M. J., Lepp, A., Kobak, M. S., McDaniel, J., & Barkley, J. E. (2016). The effect of
parental involvement on children’s physical activity. The Journal of Pediatrics, 170,
206–210. https://doi.org/10.1016/j.jpeds.2015.11.072
Rechetnikov, R. P., & Maitra, K. (2009). Motor impairments in children associated With
impairments of speech or language: A meta-analytic review of research literature.
American Journal of Occupational Therapy, 63(3), 255–263.
https://doi.org/10.5014/ajot.63.3.255
Reilly, J. J., Kelly, L., Montgomery, C., Williamson, A., Fisher, A., McColl, J. H., … Grant,
S. (2006). Physical activity to prevent obesity in young children: cluster randomised
controlled trial. BMJ, 333(7577), 1041–1041.
https://doi.org/10.1136/bmj.38979.623773.55
Riethmuller, A. M., Jones, R. A., & Okely, A. D. (2009). Efficacy of interventions to
improve motor development in young children: A systematic review. Pediatrics,
124(4), e782–e792. https://doi.org/10.1542/peds.2009-0333
Robinson, L. E., & Goodway, J. D. (2009). Instructional climates in preschool children who
are at-risk. Part I: object-control skill development. Research Quarterly for Exercise
and Sport, 80(3), 533–542. https://doi.org/10.1080/02701367.2009.10599591
Sääkslahti, A., Numminen, P., Niinikoski, H., Rask-Nissilä, L., Viikari, J., Tuominen, J., &
Välimäki, I. (1999). Is physical activity related to body size, fundamental motor

119

skills, and CHD risk factors in early childhood? Pediatric Exercise Science, 11(4),
327–340. https://doi.org/10.1123/pes.11.4.327
Shephard, R. J., Jequier, J. C., Lavallee, H., La Barre, R., & Rajic, M. (1980). Habitual
physical activity: Effects of sex, milieu, season and required activity. Journal of
Sports Medicine and Physical Fitness, 20(1), 55–66.
Simons, J., Daly, D., Theodorou, F., Caron, C., Simons, J., & Andoniadou, E. (2008).
Validity and reliability of the TGMD-2 in 7–10-year-old flemish children with
intellectual disability. Adapted Physical Activity Quarterly, 25(1), 71–82.
https://doi.org/10.1123/apaq.25.1.71
Sit, C. H. P., Mckenzie, T. L., Cerin, E., Chow, B. C., Huang, W. Y., & Yu, J. (2017).
Physical activity and sedentary time among children with disabilities at school:
Medicine & Science in Sports & Exercise, 49(2), 292–297.
https://doi.org/10.1249/MSS.0000000000001097
Skinner, R. A., & Piek, J. P. (2001). Psychosocial implications of poor motor coordination in
children and adolescents. Human Movement Science, 20(1–2), 73–94.
https://doi.org/10.1016/S0167-9457(01)00029-X
Snider, L., Korner-Bitensky, N., Kammann, C., Warner, S., & Saleh, M. (2007). Horseback
riding as therapy for children with cerebral palsy: Is there evidence of its
effectiveness? Physical & Occupational Therapy In Pediatrics, 27(2), 5–23.
https://doi.org/10.1080/J006v27n02_02
Spencer, J. P., Samuelson, L. K., Blumberg, M. S., Mcmurray, B., Robinson, S. R., & Bruce
Tomblin, J. (2009). Seeing the world through a third eye: Developmental systems

120

theory looks beyond the nativist-empiricist debate. Child Development Perspectives,
Vol. 3, pp. 103–105. https://doi.org/10.1111/j.1750-8606.2009.00087.x
Spurrier, N. J., Magarey, A. A., Golley, R., Curnow, F., & Sawyer, M. G. (2008).
Relationships between the home environment and physical activity and dietary
patterns of preschool children: a cross-sectional study. International Journal of
Behavioral Nutrition and Physical Activity, 5(1), 31. https://doi.org/10.1186/14795868-5-31
Sterba, J. A. (2006a). Adaptive downhill skiing in children with cerebral palsy: effect on
gross motor function: Pediatric Physical Therapy, 18(4), 289–296.
https://doi.org/10.1097/01.pep.0000233006.69121.bf
Sterba, J. A. (2006b). Does horseback riding therapy or therapist-directed hippotherapy
rehabilitate children with cerebral palsy? Developmental Medicine & Child
Neurology, 49(1), 68–73. https://doi.org/10.1017/S0012162207000175.x
Stodden, D. F., Goodway, J. D., Langendorfer, S. J., Roberton, M. A., Rudisill, M. E.,
Garcia, C., & Garcia, L. E. (2008). A developmental perspective on the role of Motor
skill competence in physical activity: An emergent relationship. Quest, 60(2), 290–
306. https://doi.org/10.1080/00336297.2008.10483582
Timperio, A., Salmon, J., & Ball, K. (2004). Evidence-based strategies to promote physical
activity among children, adolescents and young adults: review and update. Journal of
Science and Medicine in Sport, 7(1), 20–29. https://doi.org/10.1016/S14402440(04)80274-3

121

Valentini, N. C., & Rudisill, M. E. (2004). An inclusive mastery climate intervention and the
motor skill development of children with and without disabilities. Adapted Physical
Activity Quarterly, 21(4), 330–347.
van der Fels, I. M. J., te Wierike, S. C. M., Hartman, E., Elferink-Gemser, M. T., Smith, J., &
Visscher, C. (2015). The relationship between motor skills and cognitive skills in 4–
16 year old typically developing children: A systematic review. Journal of Science
and Medicine in Sport, 18(6), 697–703. https://doi.org/10.1016/j.jsams.2014.09.007
Veldman, S. L. C., Jones, R. A., & Okely, A. D. (2016). Efficacy of gross motor skill
interventions in young children: an updated systematic review. BMJ Open Sport &
Exercise Medicine, 2(1), e000067. https://doi.org/10.1136/bmjsem-2015-000067
Viholainen, H., Ahonen, T., Lyytinen, P., Cantell, M., LicSSc, A. T., & Lyytinen, H. (2006).
Early motor development and later language and reading skills in children at risk of
familial dyslexia. Developmental Medicine & Child Neurology, 48(5), 367–373.
https://doi.org/10.1017/S001216220600079X
Visser, S. N., Bitsko, R. H., Danielson, M. L., Perou, R., & Blumberg, S. J. (2010).
Increasing prevalence of parent-reported attention-deficit/hyperactivity disorder
among children --- United States, 2003 and 2007. MMWR. Morbidity and Mortality
Weekly Report, 59(44), 1439–1443.
Vries, M., & Geurts, H. (2014). Beyond individual differences: are working memory and
inhibition informative specifiers within ASD? Journal of Neural Transmission,
121(9), 1183–1198. Retrieved from aph.
Wang, M. V., Lekhal, R., Aarø, L. E., & Schjølberg, S. (2014). Co-occurring development of
early childhood communication and motor skills: results from a population-based

122

longitudinal study. Child: Care, Health and Development, 40(1), 77–84.
https://doi.org/10.1111/cch.12003
Wasenius, N. S., Grattan, K. P., Harvey, A. L. J., Naylor, P.-J., Goldfield, G. S., & Adamo,
K. B. (2017). The effect of a physical activity intervention on preschoolers’
fundamental motor skills — A cluster RCT. Journal of Science and Medicine in
Sport. https://doi.org/10.1016/j.jsams.2017.11.004
Welk, G. J. (1999). The Youth Physical Activity Promotion Model: A Conceptual bridge
between theory and practice. Quest, 51(1), 5–23.
https://doi.org/10.1080/00336297.1999.10484297
Westendorp, M., Houwen, S., Hartman, E., & Visscher, C. (2011). Are gross motor skills and
sports participation related in children with intellectual disabilities? Research in
Developmental Disabilities, 32(3), 1147–1153.
https://doi.org/10.1016/j.ridd.2011.01.009
Whyatt, C. P., & Craig, C. M. (2012). Motor skills in children aged 7–10 years, diagnosed
with autism spectrum disorder. Journal of Autism and Developmental Disorders,
42(9), 1799–1809. https://doi.org/10.1007/s10803-011-1421-8
Willcutt, E. G. (2012). The prevalence of DSM-IV Attention-Deficit/Hyperactivity Disorder:
A meta-analytic review. Neurotherapeutics, Vol. 9, pp. 490–499.
https://doi.org/10.1007/s13311-012-0135-8
Williams, H. G., Pfeiffer, K. A., O’Neill, J. R., Dowda, M., McIver, K. L., Brown, W. H., &
Pate, R. R. (2008). Motor skill performance and physical activity in preschool
children. Obesity, 16(6), 1421–1426. https://doi.org/10.1038/oby.2008.214

123

Wrotniak, B. H., Epstein, L. H., Dorn, J. M., Jones, K. E., & Kondilis, V. A. (2006). The
relationship between motor proficiency and physical activity in children. Pediatrics,
118(6), e1758–e1765. https://doi.org/10.1542/peds.2006-0742
Zask, A., Kaye Adams, J., Owen Brooks, L., & Frances Hughes, D. (2012). Tooty fruity
vegie: an obesity prevention intervention evaluation in Australian preschools. Health
Promotion Journal of Australia, 23(1), 10–15. https://doi.org/10.1071/HE12010
Zwicker, J. G., Missiuna, C., Harris, S. R., & Boyd, L. A. (2012). Developmental
coordination disorder: A review and update. European Journal of Paediatric
Neurology, Vol. 16, pp. 573–581. https://doi.org/10.1016/j.ejpn.2012.05.005

124

Appendix B: Research Flyer

NEEDED: Parents/caregivers of young children with developmental disabilities!
Complete a survey to help improve our understanding of parental influence on physical
activity and motor skills of young children with developmental disabilities.
Survey link: https://health.oregonstate.edu/labs/cydl/survey

To participate in this study, you should:
• Be a parent/caregiver of a young child (5 years and 7 years 11 months) with a
developmental disability
•

An example of a developmental disability includes, but is not limited to autism spectrum
disorders, intellectual disabilities, cerebral palsy, visual impairments, attention-deficit
hyperactivity disorder, hearing loss and developmental delay

Participation in this study involves:
•

Completing an online survey, which takes approximately 13 – 18 minutes.

To find out more information, contact an assistant investigator, Ku Byungmo at

kub@oregonstate.edu
Thank you,
Megan MacDonald
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Appendix C: Online Survey
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Appendix C: Used questionnaires for each construct
Construct 1: Parental physical activity behavior
Parental Physical Activity: this section is composed of questions regarding your
physical activity. Please select mark or fill out blank.
• Vigorous physical activities refer to activities that take hard physical effort
and make you breather much harder than normal.
• Moderate physical activities refer to activities that take moderate physical
effort and make you breather somewhat harder than normal.
During the last 7 days, on how many days did you do vigorous physical activities
like running, aerobics, fast bicycling or anything else that causes larges increases
in breathing rate or heart rate? Think about only those physical activities that you
did for at least 10 minutes at a time.
 None  1 day  2 days  3 days  4 days  5 days  6 days  7
days
If you did vigorous physical activity on at least 1 day over the last 7 days, how
much time in total did you usually spend on one of those days doing vigorous
physical activities? Please indicate the amount in hours and minutes. Example: 1
hour and 15 minutes. If you did not do vigorous physical activity on at least 1 day
over the last 7 days enter 0.
______Hour(s)___________Minute(s)
During the last 7 days, on how many days did you do moderate physical activities
like running, aerobics, fast bicycling or anything else that causes larges increases
in breathing rate or heart rate? Again, think about only those physical activities
that you did for at least 10 minutes at a time.
 None  1 day  2 days  3 days  4 days  5 days  6 days  7
days
If you did moderate physical activity on at least 1 day over the last 7 days, how
much time in total did you usually spend on one of those days doing vigorous
physical activities? Please indicate the amount in hours and minutes. Example: 1
hour and 15 minutes. If you did not do vigorous physical activity on at least 1 day
over the last 7 days enter 0.
______Hour(s)___________Minute(s)
Construct 2: Parental importance of their child’s physical activity
This section is composed of questions regarding your outcome expectancy of your
child’s physical activity. Please select mark blank.
Physical activity would help my child spend more time with his/her friends.
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Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would help get or keep your child in shape
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would help my child control his/her weight.
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would put my child in a better mood.
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would make my child better in sports, dance, or other activities.
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would be fun for my child.
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Physical activity would make my child look better
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
My child would make new friends (if he/she engages in physical activity)
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
My child would feel better about his/her selves (if he/she engages in physical
activity).
Disagree a lot - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Agree a lot
1
2
3
4
5
Construct 3: Parental awareness of accessible physical activity environment
This section is composed of questions regarding your awareness of accessible
physical activity environment (e.g., facility and/or program that your child is
freely able to participate in physical activity). Please select mark blank.
How aware are you of accessible programs (e.g., a program that includes a child
with and without a disability)

138

Not sufficiently aware - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Sufficiently aware
1
2
3
4
5
How aware are you of sport and physical activity facilities and/or programs to
meet your child’s needs?
Not sufficiently aware - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Sufficiently aware
1
2
3
4
5
How aware are you of sport and physical activity program where staff has special
training to work with your child?
Not sufficiently aware - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Sufficiently aware
1
2
3
4
5
Construct 4: Parental physical activity enjoyment
Please rate how you feel at the moment about the physical activity you have been
doing. Please select mark blank.
I enjoy it - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I
hate it
1
2
3
4
5
6
7
I feel bored - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I
feel interested
1
2
3
4
5
6
7
I dislike it - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I like it
1
2
3
4
5
6
7
I find it pleasurable - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I
find it unpleasable
1
2
3
4
5
6
7
It’s no fun at all - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - It’s a lot of fun
1
2
3
4
5
6
7
It’s very pleasant - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - It’s
very unpleasant
1
2
3
4
5
6
7
I am very absorbed in - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I am
not at all
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this activity
absorbed in this activity
1
2
3
4
5
6
7
I felt as though - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -I
felt as though
I would rather be
there was nothing
else
doing something else
I would rather be
doing
1
2
3
4
5
6
7

Never

Less than once a week

1 -2 times per week

3 -4 times per week

5 – 6 times per week

Daily





































Never

Less than once a week

1 -2 times per week

3 -4 times per week

5 – 6 times per week

Daily

Construct 5: Parental tangible support

























During a typical week, how often do you provide the
following types of support for your child’s physical
activity or sports?

Done a physical activity or played sports with your child?
Provided transportation so your child could go to a place?
Watched your child participate in physical activity or
sport?
Organized/structured physical play at home so your child
engaged in physical activity?
Construct 6: Parental intangible support

During a typical week, how often do you provide the following types
of support for your child’s physical activity or sports?

Encouraged your child to do physical activity or sports?
Told your child that physical activity is good for his or her health?
Praised your child when he/she participates in physical activity
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Construct 7: Parental explicit modeling
How much do you enjoy sport/physical activity with your child?
1. Don’t enjoy 2. Sort of enjoy 3. Really enjoy 4. Thoroughly enjoy
How frequently (on average) do you participate in sport/physical activity with your child each week?
____________ times per week
How often does your family use sport/physical activity as a form of family recreation (e.g., going on
bike rides together, hiking, ice skating)?
1. Rarely 2. Once in a while 3. Relatively often 4. Frequently
How much do you use your own behavior to encourage your child to be physical activity?
1. I don’t use my own behavior to encourage my child to be active rarely
2. I rarely use my own behavior to encourage my child to be active rarely
3. I often use my own behavior to encourage my child to be active rarely
4. I constantly use my own behavior to encourage my child to be active rarely
Construct 8: Parental perceived motor competency / motor skills of children
Not at all
A bit like
Moderately
Quite a bit Extremely
like your
your child
like your
like your
like your
child
child
child
child
Your child throws a ball in a controlled and accurate fashion.
1
2
3
4
5
Your child catches a small ball (e.g., tennis ball size) thrown from a
distance of 6 to 8 feet (1.8 to 2.4 meters).
1
2
3
4
5
Your child hits an approaching ball or birdie with a bat or racquet
accurately.
1
2
3
4
5
Your child jumps easily over obstacles found in garden or play
environment.
1
2
3
4
5
Your child runs as fast and in a similar way to other children of the same
gender and age.
1
2
3
4
5
If your child has a plan to do a motor activity, he/she can organize his/her
body to follow the plan and effectively complete the task (e.g., building a
cardboard or cushion “fort,” moving on playground equipment, building a
house or a structure with blocks, or using craft materials).
1
2
3
4
5
Your child’s printing or writing or drawing in class is fast enough to keep
up with the rest of the children in the class
1
2
3
4
5
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1-2

3-4

5-6

7 times
or more

Skipping
Rowing/canoeing
In-line skating
Tag
Walking for exercise
Bicycling
Jogging or running
Aerobics
Swimming
Baseball, softball
Dance
Football

No

Your child’s printing or writing letters, numbers and words is legible,
precise and accurate or, if your child is not yet printing, he or she colors
and draws in a coordinated way and makes pictures that you can recognize.
1
2
3
4
5
Your child uses appropriate effort or tension when printing or writing or
drawing (no excessive pressure or tightness of grasp on the pencil, writing
is not too heavy or dark, or too light).
1
2
3
4
5
Your child cuts out pictures and shapes accurately and easily.
1
2
3
4
5
Your child is interested in and likes participating in sports or active games
requiring good motor skills.
1
2
3
4
5
Your child learns new motor tasks (e.g., swimming, rollerblading) easily
and does not require more practice or time than other children to achieve
the same level of skill.
1
2
3
4
5
Your child is quick and competent in tidying up, putting on shoes, tying
shoes, dressing, etc.
1
2
3
4
5
Your child would never be described as a “bull in a china shop” (that is,
appears so clumsy that he or she might break fragile things in a small
room).
1
2
3
4
5
Your child does not fatigue easily or appear to slouch and “fall out” of the
chair if required to sit for long periods.
1
2
3
4
5
Construct 9: Physical activity of young children with DDs
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Badminton
Skateboarding
Soccer
Street Hockey
Volleyball
Floor hockey
Basketball
Ice skating
Cross-country skiing
Ice hockey/ringette
Other___________________





























































In the last 7 days, on how many right after school, did your child do sport, dance, or play games in
which your child was very active? (Check one only.)
None- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1
1 time last week - - - - - - - - - - - - - - - - - - - - - - - 2
2 or 3 times last week- - - - - - - - - - - - - - - - - - - 3
4 times last week - - - - - - - - - - - - - - - - - - - - - - 4
5 times last week - - - - - - - - - - - - - - - - - - - - - - 5
In the last 7 days, on how many evenings, did your child do sport, dance, or play games in which your
child was very active? (Check one only.)
None - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1
1 time last week - - - - - - - - - - - - - - - - - - - - - - - 2
2 or 3 times last week- - - - - - - - - - - - - - - - - - - - 3
4 times last week - - - - - - - - - - - - - - - - - - - - - - - 4
5 times last week - - - - - - - - - - - - - - - - - - - - - - - 5
On the last weekend, on how many times, did your child do sport, dance, or play games in which your
child was very active? (Check one only.)
None - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1
1 time - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - 2
2 - 3 times - - - - - - - - - - - - - - - - - - - - - - - - - - - 3
4 – 5 times - - - - - - - - - - - - - - - - - - - - - - - - - - 4
6 or more times - - - - - - - - - - - - - - - - - - - - - - - -5
Which one of the following describes your child best for the last 7 days? Read all five statements
before deciding on the one answer that describes your child.
A  . All or more of my child’s free time was spend doing things that involve little physical effort
B . My child sometimes (1 -2 times last week) did physical things in his/her free time (e.g., played
sports, went running, swimming, bike riding, did aerobics)
C . My child often (3 - 4 times last week) did physical things in his/her free time
D . My child quite often (5 - 6 times last week) did physical things in his/her free time
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Medium

Often

Very often

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

Little bit

Mark how often your child did physical activity (like playing sports,
games, doing dance, or any other physical activity) for each day last
week.

None

C . My child very often (7 or more times last week) did physical things in his/her free time
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