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The low physical activity levels of children today are a cause for serious concern.
When examining certain populations of children, such as children with Autism
Spectrum Disorder (ASD), there is a possibility of even lower overall physical activity
levels. However, when exploring the current literature examining the physical activity
levels of children with ASD compared to children without ASD there were conflicting
results. Some studies indicate that the physical activity levels between children with
ASD and children without ASD are similar. Others indicate that children with ASD
were less active than their counterparts. Although many of the previous studies
employed sound protocol designs including using objective measures for physical
activity, these studies did not appropriately match the groups. A child’s environment is
one of the determining factors of their overall physical activity levels. Current

literature indicates that parents have a significant influence on the physical activity
levels of their children. In order to accurately compare the levels of physical activity
between children with ASD and without ASD, using appropriate matching groups is
crucial. The purpose of this study was to examine the current physical activity levels
of children with ASD by matching groups based on similar environments and parental
influences. A total of 16 children (8 pairs of siblings) participated in this study.
Physical activity levels were examined by the activity counts using accelerometers,
evaluating time spent in moderate to vigorous physical activity (MVPA), and
determining if children with ASD met the physical activity recommendations more or
less than their siblings. Results indicate no difference in daily physical activity levels
and time spent in MVPA were found between siblings. A total of 5 of the 16 children
met the recommended amount of physical activity. Only 3 out of the 8 children with
ASD met the recommended amount of physical activity. This stresses their time spent
in MVPA should be an area of concern for all children and interventions should
attempt to increase their MVPA early on. In conclusion, children with ASD were no
less active than children without disabilities; however the children are not meeting the
current physical activity recommendations. This study also suggests that for children
with ASD, it may not be the condition that limits their physical activity, but instead
the environmental factors may influence their activity levels.
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PHYSICAL ACTIVITY LEVELS OF CHILDREN WITH AUTISM SPECTRUM
DISORDER
CHAPTER 1: INTRODUCTION

The continual decline in children’s physical activity levels over the years has
been the cause of major concern within the topic of health in the United States (CDC,
2010). Currently there are over 12.5 million obese children in the US and childhood
obesity rates have seen steady increases annually (Ogden & Carroll, 2010). As obese
children, age they are more likely to become or stay obese as adults (Guo, Wu,
Chumlea, & Roche, 2002; Dietz, 1998). Obesity carries with it a higher risk of
cardiovascular disease and diabetes (Dietz, 1998). Currently, cardiovascular disease is
the leading cause of death in the US (Kochanek, Xu, Murphy, Minino & Kung, 2011).
Research has shown that physical activity can help reduce the risks for cardiovascular
and respiratory diseases (Soares-Miranda et al., 2011; Strong et al., 2005). In order to
combat possible health issues there is an emphasis on promoting a physically active
lifestyle. High levels of physical activity have also been associated with a decrease in
blood pressure in children (Gaya, Alives, Aires, Martines, Ribeiro, & Mota, 2009).
The Center for Disease Control [CDC] (2003) reported over sixty percent of children
between the ages of 9 and 13 years do not participate in any physical activity outside
of school. The physical activity guidelines from the CDC (2008) recommends that
children get at least 60 minutes of moderate to vigorous physical activity (MVPA)
every day. Meeting these recommendations is important to the overall health of a
person and affects their quality of life.
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An important population when investigating low physical activity levels and
obesity is children with disabilities. From the National Health and Nutrition
Examination Survey obesity rates for children with disabilities are approximately 38%
higher than children without disabilities (CDC, 2010). Current research indicates that
children with disabilities are less active than typically developing peers (Murphy &
Carbone, 2008; Kim, 2009). However, there is conflicting evidence when looking at
specific disability populations such as Autism Spectrum Disorder (ASD). ASD is a
neurobiological disability characterized by social and communication deficits as well
as restricted and repetitive behaviors (American Psychiatric Association [APA],
1994). Early symptoms of social communicative deficits include lack of joint
attention, delays in expressive language and failure to respond to their name (Le
Couteur, Haden, Hammal, & McConachie, 2008). These delays may put this
population at risk for lower participation in physical activities (Law et al., 2006).
According to Curtin, Anderson, Must, and Bandini (2010) children with ASD are
more likely to be obese than children without ASD. With lower level of involvement
in physical activities and high obesity rates the physical activity levels of children with
ASD is an area that needs to be further investigated.
When investigating the physical activity of children with ASD there is limited
research and conflicting results. Some studies suggest that children with ASD are no
less active than children without disabilities. Rosser-Sandt and Frey (2005) reported
no significant differences on the overall physical activity levels of children with ASD
when compared to children without ASD. When the physical activity of participants
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were separated into different periods, such as physical education (PE) or recess, there
were still no differences in activity levels between groups, but both groups spent less
time in MVPA outside of school (Rosser-Sandt & Frey, 2005). Conversely, another
study investigating the physical activity patterns children with ASD found they get
more MVPA after school than during school (MacDonald, Esposito, & Ulrich, 2011).
Both investigations found that children with ASD met the recommended amount of
MVPA set by the CDC (MacDonald et al., 2011; Rosser-Sandt & Frey, 2005).
Additionally, other investigations have examined the physical activity levels of
children with ASD and compared them to children without ASD. Two studies
established that during PE children with ASD have similar MVPA levels of children
without disabilities (Pan, 2008; Pan, Tsai, & Hsieh, 2011). The only significant
difference seen during PE was in steps/min between groups (Pan et al., 2011). These
studies give an indication of what the physical activity levels of children with ASD
are, but other investigations show contradiction.
Several studies found that children with ASD were less active than children
without disabilities. Pan and Frey (2006) investigated the physical activity patterns of
children with ASD and reported the children were less active than previous reports
examining the physical activity levels of children without disabilities. Another
investigation found that children with ASD compared to children without disabilities
were significantly less active even though they had participated in similar skill-based
activities (Hilton, Crouch, & Israel, 2008). Also, children with ASD during PE had
similar MVPA levels as children without ASD, but during recess they were
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significantly less active (Pan, 2008; Pan et al., 2011). These groups of children with
ASD and children without ASD were given similar opportunities to be physically
active, but children with ASD were less active than the children without ASD.
These contradictions and gap in knowledge examining the physical activity
levels and patterns of children with ASD warrant further investigation. Although many
studies employed sound research protocol, most of the studies did not appropriately
match the children ASD and children without ASD (e.g. Pan, 2008; Rosser-Sandt &
Frey, 2005; Pan et al., 2011). A limiting factor of these studies is the fact that these
children within the studies may not have similar physical activity opportunities outside
of PE and/or recess; therefore it is difficult to make inferences on general physical
activity levels among children with ASD compared to children without ASD. Since
physical activity is affected by environmental factors (Pan, 2008; Pan et al., 2011), it
is important to find a group of children within a similar environment. Genetics,
parental influence and/or support, siblings, the community, opportunities to be active,
and parent’s belief system all have an impact on a child’s physical activity level
(Trost, Sallis, Pate, Freedson, Taylor, & Dowda, 2003; Dempsey, Kimiecki, & Horn,
1993; Welk, Wood, & Morss, 2003; Anderssen & Wold, 1993; Duncan, Duncan,
Strycker, & Chaumeton, 2004; Seabra, Mednonca, Goring, Thomis, & Maia, 2008).
This current literature suggests parents have a significant influence on a child’s
physical activity. Physically active parents tend to have more physically active
children (Seabra et al., 2008; Anderssen & Wold, 1993). Also, parental support is a
significant correlate to their child’s physical activity levels (Trost et al., 2003). A
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parent’s belief system is positively related to a child’s MVPA behavior and their
physical activity involvement (Dempsey et al., 1993). Parents can provide
opportunities for physical activity outside of school. In fact, siblings may have the
most similar environmental conditions compared to the other matched conditions used
in previous studies. Therefore, this study investigated the overall physical activity
levels of children with ASD compared to their siblings who are not affected by ASD.
The hypothesis is the children with ASD will have similar physical activity levels
when compared to their siblings without ASD because they are exposed to similar
environments that affect their overall physical activity.

Statement of the Problem
The purpose of this study was to examine the current physical activity levels of
children with ASD. This purpose was tested through: 1) comparing counts of physical
activity for children with ASD and their siblings without ASD, 2) evaluating time
spent in MVPA of children with ASD compared to their siblings without ASD, 3)
determining if children with ASD met the physical activity recommendations more or
less than their siblings without ASD.

Research Questions
1. Are there significant differences in the amounts of physical activity counts
between children with ASD and their sibling without ASD?
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2. Are there significant differences in time spent in MVPA levels between
children with ASD and their sibling without ASD?
3. Do children with ASD meet the recommendations more or less than their
siblings without ASD?

Delimitations
The study was delimited to the following:
1. Participants from small cities in the Pacific Northwest area.
a. Sixteen siblings, one with ASD and one without ASD, ages 5 to 14.
2. The use of an Actical accelerometer to measure physical activity.
3. ASD was confirmed per parental report.

Assumptions
1. An assumption of this study is that the environments, for each siblings, was
similar and each child was provided similar opportunities for physical activity
during school and home.
2. Another assumption is the parent’s expectations and support among siblings is
similar.

Limitations
1. The use of a convenience sample may not necessarily represent children with
ASD or the general population, thus limiting the ability to generalize results.
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2. The severity of ASD for children was not measured, thus limiting the ability to
generalize results.

Operational Definitions
1. Epoch. The direct and objective measure of accelerometer counts over a time
sample.
2. Autism Spectrum Disorder. A developmental disorder characterized by social
Child participants with ASD will be identified through parental report.
3. Moderate to Vigorous Physical Activity. Physical activity above 3 METS or
4-7 kcal•min-1. Examples of moderate physical activity is walking briskly (3-4
mph) or swimming with moderate effort. Example of vigorous physical
activity walking briskly uphill or with a load and cycling fast or racing.

8
CHAPTER 2: REVIEW OF LITERATURE
With an obesity epidemic facing the nation and the health risks associated with
a sedentary lifestyle, there needs to be investigations continually looking into the
physical activity levels of children. In 2008, more than one third of US children were
either overweight or obese (Center for Disease Control and Prevention [CDC], 2011).
According to the CDC (2003), children’s physical activity patterns are well below the
daily recommended amount. The population of children with disabilities is thought to
be susceptible to even lower physical activity levels (Kim, 2009). It is difficult to
make this generalized statement of all children with disabilities due to the wide
spectrum of disabilities. Investigations into the physical activity levels of the children
with disabilities are inconsistent, especially when it comes to children with Autism
Spectrum Disorders [ASD] (eg. Hilton, Crouch, & Isreal, 2010; Pan, 2008; Pan, Tsai,
& Hsieh, 2011; Pan & Frey, 2006; Rosser-Sandt & Frey, 2005). There is evidence that
supports that children with ASD are just as active as children without disabilities
(Rosser-Sandt & Frey, 2005; Pan et al., 2011), whereas some investigations suggest
that children with ASD may be more susceptible to lower physical activity levels
(Hilton et al., 2010; Pan, 2008). These conflicting findings result in the need for the
physical activity levels of children with ASD to be examined further. This literature
review provides background information about a research study examining physical
activity levels of children with ASD and is organized by (1) physical activity, (2)
environmental factors that affect physical activity levels of children, (3) measuring
physical activity through accelerometry, (4), ASD (5) physical activity levels and
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patterns of children with ASD, and (6) benefits of physical activity for children with
ASD.

Physical Activity
Physical activity can be easily confused with exercise. By definition, physical
activity is any skeletal body movement that expends energy, whereas exercise is
planned and structured event with an objective (Caspersen, Powell, & Christenson,
1985). Physical activity is defined by low to high energy expenditure and can be
described in terms of sedentary, light, moderate, and vigorous (Macera, 1995).
The importance of incorporating physical activity into the daily lives of the
population is heavily emphasized by The US Department of Health and Human
Services (USDHHS). The USDHHS came out with their first publication of national
physical activity guidelines in 2008 for the different age groups. Another program
called Healthy People 2020, part of the USDHHS (2010), have specific goals for the
United States to improve the health, fitness, and quality of life through physical
activity. The World Health Organization (WHO) also has a physical activity guideline
for different age group populations that came out in 2010. These are just a few
examples of organizations focusing specifically on the importance of physical activity.
There are physical activity recommendations for different populations. For
children, the CDC (2008) and WHO (2010) recommends they get at least 60 minutes
of MVPA daily. The MVPA should be in short bouts ranging from 2 to 30 minutes
throughout the day that accumulates to the 60 minutes per day (WHO, 2010).
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According to a national survey the current physical activity levels in general for
children are low and over sixty percent of children ages 9 through 13 do not
participate in physical activity outside of school (CDC, 2003). Meeting these
recommendations is important to the overall health of a person and affects their quality
of life (Brown, Balluz, Heath, Moriarty, Ford, Giles, & Mokdad, 2003). Getting the
recommended amount of MVPA allows the individual to acquire the physiological
health benefits associated with physical activity (WHO, 2010). Physical activity
increases cardiovascular and respiratory function, as well as reduce coronary artery
risks (Soares-Miranda et al., 2011).
There are studies that suggest benefits beyond the physiological benefits of
physical activity. Kristen, Patriksson, and Fridlund (2003) reported when physical
activity was promoted through participation in an organized baseball program,
children with mental and physical disabilities significantly improved self-confidence,
social skills, and their belief in the ability to succeed. Other investigations found that
having an active lifestyle is linked with higher academic achievement (Castelli,
Hillman, Buck, & Erwin, 2007; Stevens, To, Stevenson, & Lochbaum, 2008).
Specifically, aerobic capacity was positively associated with academic achievement
(Castelli et al., 2007). Castelli et al. (2007) examined 259 third through fifth graders
and found those with better total fitness were positively related to academic
achievement (p .001). Another investigation by Stevens et al. (2008) found that
physical activity was positively associated with mathematics and reading achievement.
Stevens et al. (2008) examined the physical activity levels of over 3000 girls and 3000
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boys. Using a maximum likelihood estimation they examined the paths between
physical activity, mathematics, and reading achievement. For the boys the physical
activity predicted higher mathematics achievement (path coefficient of .11) and higher
reading achievement (path coefficient of .14). For the girls the physical activity
predicted higher mathematics achievement (path coefficient of .11) and higher reading
achievement (path coefficient of .16). These examples continue to emphasize the
importance of physical activity beyond physical fitness and the necessity to continue
investigating this area.

Environmental Factors That Affect the Physical Activity Levels of Children
There are several influences that affect a child’s overall physical activity level.
Genetics, parental influence or support, siblings, the community, opportunities to be
active and parent’s belief system all have an impact on a child’s physical activity level
(Trost et al., 2003; Dempsey et al., 1993; Welk et al., 2003; Anderssen & Wold, 1993;
Duncan et al., 2004; Seabra, et al., 2008). Parents can affect a child’s behavior
directly or indirectly by manipulating the child’s environment (Taylor, Baranowski, &
Sallis, 1994). Anderssen and Wold (1992) surveyed 904 students on health behavior
which included physical activity. They found that one of the strongest determining
factors of exercising vigorously was direct parent support (r=.33, p<.001) (Anderssen
& Wold, 1992). These influences can be described using the social cognitive theory
(SCT).
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The SCT is used to examine these influences on the physical activity level of
children. In the family a huge social influence is the parents and their encouragement
to participate in physical activity. Welk et al. (2003) used the SCT and had 994
children complete a survey assessing physical activity, attraction to activity, perceived
competence, and perceived parental influence. They also had self report data on 536
parents. Children scored significantly higher (p<.001) on the Physical Activity
Questionnaire for Children (PAC-Q) when they had more supportive parents. Overall,
this study found that parental encouragement and parental facilitation to be a
significant predictor in the physical activity of their children (Welk et al., 2003).
However, a part of the SCT called role modeling was not a major source of predicting
physical activity levels (Welk et al., 2003). Another study also found that role
modeling did not affect the children’s physical activity participation (Dempsey et al.,
1993). This investigation examined parental influence on children’s MVPA level
participation using an expectancy-value approach. The expectancy-value approach
model explains the person’s activity choices based on their expectations of success
(Dempsey et al., 1993). In the case of parents and children it is the parent’s
expectations of the child’s ability that will affect their child’s self perception
(Dempsey et al., 1993). This study distributed a questionnaire to 71 fourth and fifth
graders and 69 of their parents and examined MVPA value, MVPA expectancies,
perceived MVPA competence, goal orientations, and self-reported MVPA. The
parent’s perception of the children’s MVPA competence was the only significant
predictor (p<.05) of physical activity participation (Dempsey et al., 1993). These are
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all important factors to take into consideration when investigating the physical activity
levels of children.
Another factor of a family that affects the physical activity of children is their
siblings. Duncan et al. (2004) analyzed sibling physical activity (n=930) using a
survey. This study found that siblings were similar in their physical activity habits.
This study also found that higher levels of family supports were related to higher
levels of physical activity (Duncan et al., 2004). These are indicators that the
environment has a substantial influence on physical activity of children. Seabra et al.
(2008) investigated the genetic versus environmental factors that affect physical
activity. A physical activity questionnaire was filled out by 2,375 nuclear families and
found that physically active parents tend to have more active children. Genetics was
found to be a determining factor of the physical activity levels of children (6%-25%
variance explained), but the environmental factors had a larger influence (75-94%
variance explained) on their physical activity habits (Seabra et al., 2008). Overall, a
large contribution to a child’s physical activity levels appears to be related to their
environment and as children environment primary belongs to home and school.

Measuring Physical Activity Using Accelerometers
There are several different ways to measure physical activity including selfreport, pedometers, and accelerometers. Accelerometers are used to objectively
measure physical activity levels and physical activity patterns of an individual or
group. The accelerometer measures acceleration and evaluates the frequency,
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intensity, and duration of physical activity (Trost, 2008). The acceleration is measured
electrically when the person moves and there is a change in displacement with respect
to the reference point (Yang & Hsu, 2010). They measure physical activity through
activity counts over a period of time called epoch (Ruch, Rumo, & Madar, 2011).
There are numerous types of accelerometers that can monitor one or several planes of
movement. When an accelerometer measures just one plane of movement it is called
uniaxial. Other accelerometers are multiaxial and measure several planes of
movement. The accelerometer placement is important to get a whole body movement.
Most studies place the accelerometer around the waist because it is close to the center
of mass of a human body, and the torso occupies the most mass (Yang & Hsu, 2010).
Since there are so many different types of accelerometers, it is important to know the
validity of a particular accelerometer within a population being investigated (Trost,
Mciver, & Pate, 2005).
There are several different types of accelerometers used in physical activity
studies involving children. The RT3 is worn around the waist and has a wrist GPS
that accurately measures three planes of movement and quantifies the active energy
expenditure and unregulated activities of children (Sun, Schmidt, & Teo-Koh, 2008).
Other types of accelerometers are called Actigraphs, Acticals, and TriTracs. These
accelerometers can be uniaxial, triaxial or omnidirectional, depending on the model.
Newer devices like the Actical also has an accelerometer and step count function,
which has high validity evidence for children (Rosenkranz, Rosenkranz, & Weber,
2011).
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The Actical accelerometer has been validated in several investigations
(Pfeiffer, Mciver, Dowda, Almedia, & Pate, 2006; Crouter et al., 2011; Puyau,
Adolph, Vohra, Zakeri, & Butte, 2004). One investigation used a Cosmed portable
metabolic system to cross-validate the Actical accelerometer (r=0.89) and established
the cut-off points in preschool children using 18 participants (Pfeiffer et al., 2006).
The cut off point for moderate activity was 715 counts per minute and the cut off point
for vigorous activity was 1411 counts per minute (Pfeiffer et al., 2006). For schoolaged children Puyau et al. (2004) tested 32 children in a respiratory room calorimeter
and a portable calorimeter on a treadmill to find the cut off points for the Actical
accelerometer. The cut off point for moderate physical activity is 1500 counts per
minute (Puyau et al., 2004). Another study assessed the criterion validity of the
Actical in the free-living conditions, which generalizes this device outside the
laboratory setting (Crouter et al., 2011). The 29 participants within this study were
monitored for six hours with an Actical and Cosmed which measured their VO2
(Crouter et al., 2011). Each participant performed common daily activities to establish
a 2-regression model. Overall these validation studies show that the Actical
accelerometer can measure children in free-living conditions.
It is important to note that accelerometers have limitations. Accelerometer
epoch is complicated so therefore it is important the researcher be well versed in how
counts are converted to measure different physical activity levels. In general, cut off
points with accelerometer data are needed to determine differences between activities
such as light and vigorous activities. It is suggested that these data cut off points need
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to be from the most natural and varied activities used during development (Ruch et al.,
2011). Another limitation is an accelerometer may not detect activities such as nonweight bearing activities and or an increase in energy expenditure when a person
walks up a hill (Pfeiffer et al., 152). These limitations need to be taken into
consideration when choosing an accelerometer to use in investigations.
There are other considerations that need to be taken into account when
measuring physical activity of the population of children with disabilities because
some forms may not be validated within this population. However, objective measures
such as a pedometer and accelerometer has been shown to be accurate measure for
those with disabilities such as Down syndrome (DS), intellectual disabilities, and ASD
(Temple & Stanish, 2009; Godfrey, Olaighin, Conway, & Meagher, 2008).
Specifically, the uniaxial accelerometer has been used in several studies involving
children with ASD (Pan, Tsai, Hsieh, Chu, Li, & Huang, 2010; Ruch et al., 2011; Pan
& Frey, 2006).

Autism Spectrum Disorder
ASD is a neurodevelopmental disorder. Over the past 20 years ASD cases have
increased exponentially and are currently diagnosed in 1 in 88 children (CDC, 2012).
ASD is characterized by social and communication deficits, as well as restricted or
repetitive behavior ASD is presently divided up into subcategories which are: Autism,
Aspergers Disorder, Rhett’s Syndrome, Childhood Disintegrative Disorder, and
Pervasive Developmental Disorder not otherwise specified. The DSM-V is currently
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proposing one diagnosis of ASD (APA, 2011). Bishop, Gahagan, and Lord (2007) reexamined the core features for ASD compared to children with fetal alcohol syndrome
(FAS) as an opportunity to explore the social aspects of ASD. Each family had an
interview which included the Autism Diagnostic Interview-Revised (ADI-R) and the
Autism Diagnostic Observation Schedule (ADOS) (Lord, Rutter, & Le Couteur, 1994;
Lord et al., 2000). Most of the behavioral abnormalities came from the communication
and social domains. These domains were significantly different between the two
groups (Bishop et al., 2007). Behaviors that were common in children with ASD and
not common in children with FAS included: pointing to express interest, gestures,
imitative social play, social chat, and pronominal reversal (Bishop et al., 2007).
Children with ASD had deficits in range of facial expressions used to communicate,
showing and directing attention, sharing enjoyment, quality of social overtures, and
offering comfort (Bishop et al., 2007).
ASD is now one of the most studied disorders today (Lord, 2010). Researchers
are trying to define and understand this complex disorder. There is also a continual
need to have accurate early diagnostic tools to help children with ASD obtain the
interventions they need in order to become successful in life. These diagnostic tools
are also important for research to make sure the participants are correctly diagnosed.
Currently children can be diagnosed confidently between the ages of 2 and 3 years old
(Kleinman et al., 2008). However, there are new attempts using the ADOS under the
age of 2 years old using a Toddler Module (Luyster et al., 2009).
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Children with ASD have problems with language, eye contact, and exhibit
stereotypic behaviors such as hand flapping (APA, 2011). It is hard to rule any
specific repetitive behavior as part of the diagnosis of ASD (Richler, Bishop, Kleinke,
& Lord, 2007). Also, children with ASD have similar developing language patterns
when compared to children without disabilities, however they have substantial delays
on their language measures (Weismer, Lord, & Esler, 2010). Identifying this
population’s IQ is difficult because there are inconsistencies of children with Autism
within the IQ domains (Estes, Rivera, Bryan, Cali, & Dawson, 2011). There are also
differences in academic expectancy from their overall intellectual ability and
performance. Surprisingly, there are high rates of higher and lower academic
achievement expectancies (Estes et al., 2011). It would seem that because children
with ASD have a cognitive impairment they would be more likely to have lower
academic achievement, but there are cases that they exceeded their academic
predictions.

Physical Activity Levels and Patterns of Children with Autism Spectrum Disorder
The studies investigating the physical activity levels and patterns of children
with ASD give conflicting results (Rosser-Sandt & Frey, 2005; Pan, 2008; Pan et al.,
2010; Pan et al., 2011). When the physical activity levels of children with ASD are
compared to children without disabilities during a school day, it appears children with
ASD were less active, but there were no differences in activity levels (Rosser-Sandt &
Frey, 2005). They used a convenience sample of 15 children with ASD and 13
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children without ASD, ranging from 9 to 12 years old, and measured the physical
activity levels using an uniaxial accelerometer. This small sample limits the
generalizability, but at the time, this was the first known attempt to look at the general
physical activity levels of children with ASD. The children wore the accelerometer
from 10:00 am-7:00 pm. Physical activity was also measured using direct observation
with the Behavior of Eating and Activity for Children’s Health: Evaluation System
(BEACHES) during physical education (PE) and recess (Rosser-Sandt & Frey, 2005).
A recent study looked at the physical activity patterns during PE of children
with ASD compared to children without ASD (Pan et al., 2011). The children with
ASD seemed to be less active, but the study found only one difference in physical
activity and that was in the steps/minute (p<.05). No differences were found in counts
per minute, percent of moderate physical activity, percent of vigorous physical
activity, and percent of moderate to vigorous physical activity. These investigators had
19 students with ASD and 76 students without ASD wear a uniaxial accelerometer
during 38 PE classes. The data was analyzed using specific cutoffs and even though
the children with ASD seemed to be less active there were no significant differences in
MVPA. It is important to look at this structured physical activity opportunities, but
there are differences in physical activity levels for children with ASD during
unstructured activity.
For example, recess is an important unstructured opportunity designated for
children to participate in physical activity. Pan (2008) compared time spent in MVPA
of children with ASD to those without ASD and found the children with ASD were
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significantly less active during recess than in PE class. Pan (2008) speculated that the
lower physical activity levels during recess may be due to their social and behavior
deficits. Recess is a time where a child can choose what they would like to participate
in. This study concluded that if the children with ASD had a choice they would more
likely engage in isolated activity or watching (Pan, 2008). This could ultimately
decrease their physical activity levels during recess.
Physical activity patterns are important to investigate because they show where
physical activity interventions should be implemented. While investigating children
with ASD there were no consistent daily physical activity patterns between
elementary, middle, and high school, although the younger children were significantly
more active (Pan & Frey, 2006). Younger children with ASD also tend to be more
active during the weekdays and weekends than older children with ASD (Pan et al.,
2011). As children with ASD get older their physical activity continually declines (Pan
& Frey, 2006; MacDonald et al., 2011; Pan et al., 2011). Interestingly, a similar
investigation suggests that children with ASD become less active as they age, but not
as steep of a decline as the other investigations suggest (Pan, 2009). This pattern is
consistent with children without disabilities and shows that physical activity
interventions are also necessary for children with ASD (Trost et al., 2002).
The majority of studies examining the physical activity patterns of children
with ASD measure their physical activity with devices such as accelerometers. A
recent descriptive study used two scales to see the differences in participation patterns
between children with ASD and children without ASD (Hilton et al., 2008). The two
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scales were the Children’s Assessment of Participation and Enjoyment and the Social
Responsiveness Scale. When the children with ASD were compared to the children
without ASD, they had similar participation patterns in skill-based activities, but the
children with ASD the participated in less recreational activities (Hilton et al., 2008).
Interestingly, the greatest differences in participation and frequency were in physical
activity. The children with ASD were participating in similar physical activity
opportunities, such as the skill based activities, but were less physically active overall.

Benefits of Physical Activity to Children with Autism Spectrum Disorder
Physical activity has many benefits to people with and without disabilities.
Those benefits include but are not limited to reducing stress, maintaining a healthy
lifestyle, and reducing disease risks (CDC, 2008). Physical activity may have a unique
benefit to those with ASD. Children with ASD can experience many different
behavioral issues including attention span and anxiety outbursts due to overstimulation
(Johnson & Meyers, 2007). The behaviors may include hand flapping, toe walking, or
self injury. Research has noted that a physical activity program can help manage these
behavioral issues (Levinson & Reid, 1993; Prupas, 2001; Pitetti, Rendoff, Grover, &
Beets, 2007; Yilmaz, Birkan, Konukman, & Erkan, 2005). Levinson and Reid (1993)
examined how different exercise intensities affect stereotypic behaviors. They found
that MVPA help decrease the behaviors initially, but after time they returned. This was
measured by their heart rate. The exercise program for the three subjects involved 15
minutes of jogging. There was a 17.5% mean reduction in stereotypic behavior
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between pre-jogging and 15 minutes post-jogging, but when measured 90 minutes
later the stereotypic behavior returned (Levinson & Reid, 1993). The mild exercise
program that had 15 minutes of walking had little effect on the stereotypic behaviors
(Levinson & Reid, 1993). Another study investigating the possible effect on
stereotypic behavior found a decrease in the behavior after exercise (Prupas, 2001).
Interestingly they noticed if the environment following the exercise was more
structured, there was even more of a decrease in the stereotypic behaviors. This makes
sense because children with ASD respond more, as well as be more productive, in a
structured environment (Iovannone, Dunlap, Huber, & Kincaid, 2003).
Also, a study investigating a constant time delay procedure to teach swimming
anecdotally found the children’s behavioral issues decreased and speech increased
after the intervention (Yilmaz, et al., 2005). Yilmaz et al. (2005) successfully used an
errorless structured technique with prompts to transfer the swim tasks from the
instructor to the child with ASD. The children continued using these swim skills in a
generalized setting. Further quantitative research needs to be investigated to see if
there are any significant differences in behavior change with a structured physical
activity program that a child with ASD truly enjoys.
Increasing physical activity in children with ASD has been examined to see if
there is an effective way to increase exercise capacity and weight reduction. Pitetti et
al. (2007) implemented a simple treadmill walking intervention for nine months. The
subjects had ASD and were between the ages 14 and 19. There was a significant
decrease in BMI when compared to baseline data. There was also an increase in
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exercise capacity and monthly caloric expenditure (Pitetti et al., 2007). This simple
program shows that with structured activity children with ASD’s health can benefit.
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CHAPTER 3: MATERIALS AND METHODS
Participants
A total of 16 children (5 females, 11 males) participated in this study. They
were a convenience sample of 8 pairs of school-aged siblings. Each pair included one
child who was clinically diagnosed with ASD as reported by their parents, along with
their sibling who did not have ASD. The age range for the participants was between 5
to 14 years (M=9.31, SD=2.6). The participants were recruited through contacts from
cities in the Pacific Northwest region of the United States. The mean height was
136.9cm  19.1cm, mean weight was 34.4kg  12.67kg, and mean BMI was 17.6 
2.6 for all the participants. The demographic data is included in Table 1. The study
was approved by the Institutional Review Board and all parents along with the
participants provided consent before starting data collection.

Table 1: Physical Characteristics of Participants: Descriptive Statistics by Group
Variable
ASD
Without ASD
(N=8)
(N=8)
Gender
Female (n=2)
Male
Female
Male
(n=6)
(n=3)
(n=5)
M
SD
M
SD
M
SD
M
SD
Age
11.5
3.5
9.7
2.2
10.7
2.1
6.0
2.2
(yr)
Height
155.4
21.1
137.9
16.5 149.3
17
120.8 12.5
(cm)
Weight
48.9
11.1
34.2
11.9
42.9
10.4
23.6
5.8
(kg)
BMI
20.2
0.8
17.5
3.0
19.1
2.0
16.0
1.7
(kg•m-2)
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Instruments
The Actical accelerometer (Mini-Mitter, Bend, OR) was used to measure
physical activity for 4 to 6 days. This is a small device worn around the waist. An
accelerometer has been used in several previous studies measuring the physical
activity of children with and without ASD and validated in several investigations (e.g.
Pfeiffer et al., 2006; Puyau et al., 2004; Pan et al., 2011). Puyau et al. (2008) found a
prediction equation of activity energy expenditure using the Actical accelerometer
for children. They were able to find that the Actical is a valid measure to accurately
predict active energy expenditure with a mean concordant correlation coefficient of
0.90. The Actical accelerometer criterion validity was assessed in the free-living
conditions, which generalized this device outside the laboratory setting (Crouter et al.,
2011). These investigations support the use of this device within this study.

Testing Procedures and Data Reduction
Each family met twice with the investigator. During the first meeting, the
family’s consent and demographic data was obtained. Height and weight was
measured to the nearest 0.1cm and 0.1kg by the investigator. The family also received
an explanation on how to wear the accelerometer. A log was distributed and explained
to the parent. Within the log, each day the parent was asked to record the time they
took the accelerometer on and off, as well as checked off the extracurricular activities
their children participated in that day. Each pair of siblings wore the accelerometers
around their waist with a belt on the same days. The parents put the accelerometers on
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in the morning and took them off before the children went to bed. The goal was to
have the children wear the accelerometers while they were awake. In order to get an
accurate representation of the children’s total physical activity levels, the children
wore the accelerometer for a minimum of 4 days (Kim & Yun, 2009). A 15-second
epoch was used because children are known to have sudden bursts of movement.
Each family had the accelerometers for 7 days and both children wore the devices
between 4 and 6 days. There was at least one weekend day included. Days were not
included if both children did not wear the device, if one child was sick, or one child
did not wear the accelerometer the full time they were awake. The average time worn
was 13 hours a day.
After a week the researcher met with the family and the accelerometers were
returned back to the researcher. The total overall physical activity was determined by
the average total counts over the 4 to 6 days. Average physical activity count per day
and average time spent in MVPA was calculated for each participant. The total
minutes spent in MVPA per day was calculated using the established cut-points. For
school-aged children the moderate physical activity threshold was 1500 counts (Puyau
et al., 2004). The total minutes of MVPA and average physical activity count was
averaged over the 4 to 6 days. The average minutes of MVPA was used to determine
whether the children met the recommendation of 60 minutes of MVPA per day.
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Data Analysis
A oneway MANCOVA was used to examine significant differences in the total
counts of physical activity as well as time spent in MVPA. The dependent variables
were average activity count per day and average time spent in MVPA. Whether the
child has ASD or not was the independent variable. Age, gender, and BMI were used
as covariates to adjust for potential confounding factors. Previous studies indicated
that physical activity levels may be influenced by age, gender, and BMI (Anderson,
Crespo, Bartlett, Cheskin, & Pratt, 1998; Trost, Pate, Sallis, Freedson, Taylor, Dowda,
& Sirard, 2002). The third research question was answered by a logistic regression.
The dependent variable of the regression was whether they met the recommendation
or not and the independent variables were condition, age, gender, and BMI.
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CHAPTER 4: RESULTS
The average physical overall physical activity counts per day was
260,611.0122,670.1 and the average time spent in MVPA was 48.731.6 minutes.
The average physical activity counts per day for children with ASD was 286935.0
134327.1 and for children without ASD the average counts were
234,287.0112,329.6. The average time spent in MVPA for children with ASD was
55.335.9 minutes and for children without ASD the average was 41.227.5 minutes.
Table 2 shows the results of physical activity count and time spent in MVPA.

Table 2: Average Physical Activity Counts and Average Time Spent in MVPA by
Group
ASD
Without ASD
(N=8)
(N=8)
Female
Male
Female
Male
(n=2)
(n=6)
(n=3)
(n=5)
Physical
M
246,239.9
300,500.1
148,479.2
285,771.6
Activity
Counts
SD
35,681.5
155,317.1
112,329.6
110,515.3
MVPA
(min)

M

48.1

58.9

20.1

53.9

SD

1.2

41.2

6.6

27.8

The results of the MANCOVA indicated that there were no significant
differences on the combination of physical activity and minutes spent in MVPA
between children with ASD and their siblings without ASD, Wilks =0.87 (p>.05),
partial

=1.30. The following univariate analysis also indicated that there were no

significant differences between the siblings and their average physical activity per day,
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F(1, 11)= 1.6 (p>.05), partial

=0.13. There were no significant differences between

the siblings and their average time spent in MVPA, F (1, 11)= 1.5 (p>.05), partial
=0.12.
The last research question investigated whether the children with ASD met the
recommendations more or less than their siblings. Overall, 5 out of the 16 children met
the CDC recommendations of 60 minutes of MVPA per day. Only 3 out of the 8 of the
children with ASD met the MVPA recommendation and 2 out of the 8 children
without ASD met the MVPA recommendation. Only 1 set of siblings both met the
recommended amount of MVPA. The result of the logistic regression indicated that
using condition, gender, age, and BMI, we can predict 75% of the cases of whether
children met the physical activity recommendation; whereas, the null model (constant
model) predicted 69% from this sample. Using four independent variables improved
about 6% of predictability. Also, the results indicated that approximately 40% of the
variance of whether a child is meeting the physical activity recommendation was
explained by four independent variables (Nagelkerke R square =0.40). However, Wald
values indicated that none of the independent variables are significantly predicting
whether the children can meet the physical activity recommendation or not. Table 3
summarizes the results of the logistic regression.
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Table 3: Logistic Regression Results
Variable
Condition
Gender
Age
BMI

B
-.84
-20.31
-.08
-.15

S.E.
1.49
17798.4
.33
.30

Wald
.31
.00
.06
.24

Odd Ratio
.44
.00
.92
.86
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CHAPTER 5: DISCUSSION
This study investigated the overall physical activity levels of children with
ASD compared to their siblings without ASD. An individual’s physical activity levels
are linked to living a healthy lifestyle (CDC, 2003); therefore it is important to
examine if children with ASD are at a higher risk for even lower physical activity
levels than children without ASD. Previous studies investigating the physical activity
levels of children with ASD had contradicting findings. A potential reason for these
conflicting results might be related to the difficulty in finding an appropriate matching
group. This study matched the children with ASD with their sibling without ASD to
account for the possible environmental differences that affect children’s physical
activity levels. There were no significant differences found between the total counts of
physical activity per day and total minutes spent in MVPA per day between the
children with ASD and the siblings without ASD.
This study indicated that there were no differences in physical activity levels
between siblings when the environmental and parental influences were controlled.
Based on the results of this study, environment plays a role in children’s physical
activity participation (Trost et al., 2003; Dempsey et al., 1993; Welk et al., 2003;
Anderssen & Wold, 1993; Duncan et al., 2004; Seabra, et al., 2008). Environmental
factors that have an impact on their physical activity levels are parental influence,
support, and belief system (Trost et al., 2003; Dempsey et al., 1993; Welk et al., 2003;
Anderssen & Wold, 1993; Duncan et al., 2004; Seabra, et al., 2008). The parents can
influence children’s out of school physical activity participation directly or indirectly
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(Taylor, Baranowski, & Sallis, 1994). For example, parents can sign their children up
for a baseball class (direct influence), or choose to supply them equipment that
promotes activity (indirect influence). When specifically examining the population of
individuals with ASD, findings indicate that a significant predictor of their
recreational activities was the maternal participation in activities (Orsmand, Krauss, &
Seltzer, 2004). Previous studies comparing the physical activity levels of children
without ASD did not take into account the multiple environmental influences that
come from individual families (Pan, 2008; Pan et al., 2011; Rosser-Sandt & Frey,
2005). This study matched the groups with similar family environmental influences
which may account for the lack of differences between children’s physical activity
levels.
Other studies examined the physical activity levels of children with disabilities
across several different environments and they found similar results to this study. To
our knowledge, Rosser-Sandt and Frey (2005) is the only published study that
investigated the physical activity levels all day of children with ASD compared to
children without ASD using accelerometers. The results matched those of this study
and found that children with ASD were no less active than children without ASD
(Rosser-Sandt & Frey, 2005). A similar study examined the physical activity levels of
children with intellectual disabilities (ID) across multiple environments (FaisonHodge & Porretta, 2004). The MVPA was statistically significant between the two
environments, recess and PE. However, they found no differences in time spent in
MVPA between children with ID and children without ID (Faison-Hodge & Porretta,
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2004). Consequently, when trying to get a generalized view of children’s physical
activity levels it is important to measure across environments to gain an accurate
representation.
Furthermore, a similar result of this study was found by another study that
examined the physical activity patterns of children with Down syndrome (DS)
compared to their siblings without DS (Whitt-Glover, O’Neill, & Stettler, 2006). The
siblings wore an accelerometer for a total of 7 days and, like this study, when
compared there were no significant differences in the physical activity levels (WhittGlover et al., 2006). The results of these studies suggest that each disability needs to
be examined individually and by the environment. In general, it is said that children
with disabilities have lower levels of cardio respiratory fitness, lower levels of
muscular endurance, and higher rates of obesity than children without disabilities
(Murphy, & Carbone, 2008). When looking at specific disabilities these lower
physical activity levels may not fully be due to their disability, but in fact the
opportunities to be physically active may have more of an effect.
As a result of the lack of physical activity differences within this study, it
should not be assumed that all children with disabilities have lower physical activities
than children without disabilities. It is crucial to focus on appropriate opportunities to
increase physical activity rather than make a generalization of the physical activity
levels based on specific environmental opportunities.
This study also examined the average time spent in MVPA and compared it to
the recommendation set by the CDC (2008) of 60 minutes of MVPA per day. It was
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found that approximately 30% of the children (5 out of 16) met the recommendation
set by the CDC. Three of the children had ASD and two of the children did not have
ASD. This is a cause of concern due to the health risks associated with a sedentary
lifestyle for all children. A major risk associated with a sedentary lifestyle is obesity.
Unfortunately, there has been an increase in obesity rates since 1976 (CDC, 2010).
For children aged 6 to 11 obesity rates increased over 13% from 1976 to 2008 (CDC,
2010). Obesity leads to heart disease, stroke, and type-2 diabetes, which are all among
the leading causes of death within the United States (CDC, 2011). In general, as
children age they become even less active (Nader, Bradley, Houts, McRitchie, &
O’Brian, 2008). This is also supported within the population of children with ASD
(Pan & Frey, 2006). Therefore the small amount of time spent in MVPA suggests the
need for an increase in physical activity education and awareness. Parents need to
provide more physical activity opportunities outside of school due to the lack of
opportunities during school (Pate, Davis, Robinson, Stone, McKenzie, &Young,
2006). All children need ample opportunities to meet the recommendations of 60
minutes of MVPA each day.
Within this study the logistic regression explained that 40% of the children
meeting the physical activity recommendation with 75% explained by condition, age,
gender, and BMI. However, there were no significant differences between variables
and this could be due to the small sample size. The current literature suggests that
there is a strong chance if one sibling is affected by ASD then the other child will also
be affected by ASD (Ozonoff et al., 2011). Consequently, there was a difficulty in
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finding a genetically linked pair of children; one with ASD and their sibling without
ASD, despite the efforts. Future studies should investigate with a larger sample size.
Even with the limitation of this study, these results expand on the current
understanding on the physical activity levels of children with ASD. This study
suggests that for children with ASD, it may not be the disability that limits the
physical activity, but the environmental factors that influence the activity level. This
study also suggests that children with ASD are still at risk for a sedentary lifestyle,
which should be addressed within interventions in order to prevent secondary
conditions.
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CHAPTER 6: CONCLUSION
The purpose of this study was to examine the overall physical activity levels of
children with ASD. The current literature on the physical activity levels of children
with ASD have conflicting results of whether they are less active or not compared to
children without ASD. Many of the studies used sound research protocol, but they did
not match the groups appropriately. Therefore this study matched the groups of
children with ASD and compared them to their siblings without ASD. Their average
physical activity counts per day, average time spent in MVPA, and whether they made
the recommended amount of physical activity were examined.
This study found no differences in physical activity counts and time spent in
MVPA between the two matched groups. This result supports that children with ASD
are no less active than children without ASD. However, most children within this
study did not meet the recommended amount of 60 minutes of physical activity set by
the CDC and WHO. These low physical activity levels add to the continual concern
that children within the US are not maintaining a healthy lifestyle. It is also known
that as children age their physical activity levels will decrease, so therefore if they
have low activity levels as children, they are at a higher risk for a sedentary lifestyle as
an adult. A sedentary lifestyle increases a person’s risk for secondary conditions such
as obesity, cardiorespiratory diseases, high blood pressure, and diabetes.
Future studies should include larger sample sizes in order to increase
generalizability. Future studies should also examine the day divided up by recess,
physical education, and after school activities between the siblings with ASD
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compared to the siblings without ASD. Examining the correlations between children
with ASD, specifically, and their parental influences on physical activity would be
beneficial to expand on the current knowledge of why children with ASD physical
activity levels are what they are.
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