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LAY ABSTRACT

Children with autism spectrum disorder (ASD) experience a range of behavioural and
physical health difficulties. Participation in physical activity may address these difficulties.
However, there is limited evidence regarding the utility of physical activity for children with
ASD. This dissertation explored the role of physical activity for this population through a set of
studies designed to fill multiple gaps in the literature. First, the ability to use common fitness
assessments for children with ASD was established. Next, this dissertation explored the
importance of adaptive behaviour for the physical health of children with ASD, finding a
positive relationship between motor competence and adaptive behaviour and that adaptive
behaviour influences the relationship between motor competence and fitness. Lastly, this
dissertation provided preliminary support for improved cognitive abilities following 20-minutes
of exercise. Together, these findings highlight the role of physical activity in the health,
behaviour, and cognitive functioning of children with ASD.
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ABSTRACT

Children with autism spectrum disorder (ASD) experience difficulties with social
communication and social interactions, in addition to the presence of a restricted or repetitive
range of behaviours and interests. On top of these core symptoms, children with ASD experience
numerous health deficits, as well as impairments in executive functioning. It is possible that
physical activity may be an effective intervention to collectively address these deficits and
behavioural challenges. Yet, to-date, literature in this area has been limited. Therefore, this
dissertation explored the role of physical activity and its relationship to pertinent health,
behavioural, and cognitive variables in children with ASD.

The first study in this dissertation demonstrated the feasibility and test-retest reliability of
select fitness assessments in 7-12 year old children with ASD. Study two demonstrated the
association between motor competence and adaptive behaviour. The third study built on this
work by showing that motor competence and fitness are positively associated and that adaptive
behaviour moderates this relationship. However, significant associations were not present
between physical activity and health or behavioural variables. Lastly, study four demonstrated
that an acute bout of exercise improves executive functions in children with ASD, with a circuit-
based workout eliciting larger effects than aerobic exercise.

Collectively, this dissertation provides a comprehensive examination of the role of
physical activity for children with ASD. Specifically, these studies highlight the important
relationships between motor competence and behaviour, irrespective of physical activity levels,
while also highlighting the acute effect of physical activity on executive functions. These
findings provide important foundational knowledge that can be built upon to improve the health
and behavioural well-being of children with ASD through physical activity-based programs and
interventions.
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CHAPTER 1: INTRODUCTION
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Preamble

Regular participation in physical activity has numerous physical (Janssen & LeBlanc,
2010; Poitras et al., 2016) and mental health (Dale, Vanderloo, Moore, & Faulkner, 2018;
Lubans et al., 2016) benefits for children and youth. In order to gain these benefits, it is
recommended that children and youth engage in 60 minutes of moderate to vigorous physical
activity (MVPA) each day (Tremblay et al., 2016). Despite these recommendations and the
known benefits of regular engagement, physical activity levels remain incredibly low with only
one-third (36%) of Canadian children and youth meeting current physical activity guidelines
(Roberts et al., 2017). Alarmingly, children and youth with disabilities are at an even higher risk
of inactivity than their typically developing peers (Rimmer & Rowland, 2008). Autism spectrum
disorder (ASD) is a neurodevelopmental disorder characterized by impairments in the areas of
social interaction and social communication, and the presence of restricted or repetitive interests
and behaviours (American Psychiatric Association, 2013). The combination of social and
behavioural challenges experienced by children with ASD may place them at an even greater risk
of physical inactivity; yet, this also makes them an ideal population to benefit, physically and
behaviourally, from regular participation. Indeed, exercise has been recognized as 1 of 27 types
of intervention to meet the criteria for evidence-based practice in individuals with ASD (Wong et
al., 2015). Yet, in order to introduce feasible, effective, and sustainable physical activity
interventions for this population, we must first understand how physical activity is related to
health and behavioural outcomes, along with how these outcomes interact, to elicit positive

behavioural change in this population.
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Autism Spectrum Disorder

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impairments in the areas of social communication and social interactions, in addition to the
presence of restricted or repetitive behaviour, interests, or activities (American Psychiatric
Association, 2013). Specifically, the disorder is characterized by 1) persistent deficits in social
communication and social interaction across multiple contexts; and 2) restricted, repetitive
patterns of behaviour, interests, or activities (American Psychiatric Association, 2013). Further,
these symptoms must be present in the early developmental period; cause clinically significant
impairment in social, occupational, or other important areas of current functioning; and not be
better explained by intellectual disability or global developmental delay (American Psychiatric
Association, 2013). Moreover, the severity level of the deficits in social communication and
repetitive behaviours, respectively, are classified on a scale of 1-3, wherein a higher severity

level indicates a greater amount of support is required in that area (see Table 1).

Table 1. Description of ASD severity levels from the Diagnostic and Statistical Manual of

Mental Disorders, 5" Edition (American Psychiatric Association, 2013, pp. 50-59).

Severity Social Communication Restricted, Repetitive Behaviours

Level

Level 1 Without supports in place, deficits in Inflexibility of behavior causes

“Requiring | social communication cause noticeable | significant interference with

support” impairments. Difficulty initiating social | functioning in one or more contexts.
interactions, and clear examples of Difficulty switching between activities.
atypical or unsuccessful response to Problems of organization and planning

social overtures of others. May appear | hamper independence
to have decreased interest in social
interactions. For example, a person
who is able to speak in full sentences
and engages in communication but
whose to- and-fro conversation with
others fails, and whose attempts to
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make friends are odd and typically
unsuccessful.

Level 2 Marked deficits in verbal and Inflexibility of behavior, difficulty
“Requiring | nonverbal social communication skills; | coping with change, or other
substantial | social impairments apparent even with | restricted/repetitive behaviors appear
support” supports in place; limited initiation of | frequently enough to be obvious to the
social interactions; and reduced or casual observer and interfere with
abnormal responses to social overtures | functioning in a variety of contexts.
from others. For example, a person Distress and/or difficulty changing
who speaks simple sentences, whose focus or action.
interaction is limited to narrow special
interests, and who has markedly odd
nonverbal communication.
Level 3 Severe deficits in verbal and nonverbal | Inflexibility of behavior, extreme
“Requiring | social communication skills cause difficulty coping with change, or other
very severe impairments in functioning, restricted/repetitive behaviors
substantial | very limited initiation of social markedly interfere with functioning in
support” interactions, and minimal response to all spheres. Great distress/difficulty

social overtures from others. For
example, a person with few words of
intelligible speech who rarely initiates
interaction and, when he or she does,
makes unusual approaches to meet
needs only and responds to only very
direct social approaches

changing focus or action.

As of 2015, the prevalence of ASD in Canada was 1 in 66 children between 5-17 years of

age, with the prevalence being four times higher in males than females (National Autism

Spectrum Disorder Surveillance System, 2018). In addition to the social, communicative, and

behavioural challenges experienced by children with ASD, this is a population who also exhibits

low levels of adaptive behaviour (Kanne et al., 2011) and a high incidence of medical,

psychiatric, and developmental comorbidity (Matson, 2016). Indeed, the presence of both co-

occurring and co-morbid conditions often represent some of the most challenging aspects of

ASD, with many pointing to the management of these conditions as one of the most critical

aspects of the disorder (Gillberg & Fernell, 2014; Matson, 2016).
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Given that ASD is considered to be a neurodevelopmental disorder, much attention has
also been given to neural connectivity and cerebral functioning in this population (Belmonte,
2004). Indeed, work in the area of brain imaging has found both functional and anatomical
disturbances in neural connectivity (Anagnostou & Taylor, 2011; Belmonte, 2004; Schipul,
Keller, & Just, 2011; Wass, 2011). This abnormal connectivity is generally regarded as long-
distance (i.e., between region) under-connectivity and local (i.e., single region) over-connectivity
(Wass, 2011). In fact, it has been proposed that regional under-connectivity may be one of the
biggest contributors to both the behavioural challenges and deficits in executive functioning
evident in ASD (Just, 2004; Just, Cherkassky, Keller, Kana, & Minshew, 2007). Moreover,
research has found that neural disruptions, including regional under-connectivity, may be most
prominent in later developing brain regions including the prefrontal cortex (Just et al., 2007;
Wass, 2011). This has important implications for executive functions, the higher-order brain-
based processes that are necessary for goal-directed behaviours, that are largely orchestrated
through the prefrontal cortex (Anderson, 2001). Executive functions include inhibition, working
memory, and cognitive flexibility, and they play an important role in virtually all aspects of life
(Diamond, 2013). For instance, executive functions are needed to maintain good physical and
mental health; they lead to success in academic and vocational roles and are associated with
overall quality of life (Diamond, 2013). Individuals with ASD experience deficits in executive
functioning (Demetriou et al., 2018; Hill, 2004b; Russo et al., 2007), which can be attributed to
the widespread neural disruptions evident in the disorder. Executive functions can, however, be
improved with training and practice, with individuals with the largest deficits in executive
functions often showing the largest gains (Diamond, 2013). Improving executive functions may

help children with ASD to better regulate their emotions, inhibit repetitive or stereotypic



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

behaviours, and increase their focused attention on social cues. Thus, it is imperative that
interventions for children with ASD address the executive dysfunction associated with the

disorder.

Health Deficits

In addition to the core challenges of the disorder, individuals with ASD also experience a
number of physical health deficits, which may be related to the many behavioural challenges that
are present. Individuals with ASD have a 2.5-fold increased risk of all-cause mortality when
compared to the general population (Hirvikoski et al., 2016). Moreover, individuals with ASD
have an increased risk of specific-cause mortality across virtually all mortality categories
including mental and behavioural disorders, and diseases of the nervous, circulatory, respiratory,
and digestive systems (Hirvikoski et al., 2016). Not surprisingly, individuals with ASD also
experience a high prevalence of co-occurring health conditions, starting in childhood and
persisting through adulthood (Flygare Wallén, Ljunggren, Carlsson, Pettersson, & Wandell,
2017; Levy et al., 2018; Matson, 2016). For example, one recent review found that children and
adolescents with ASD had an increased prevalence of immunological, gastrointestinal, and
neurological conditions in comparison to typically developing controls (Muskens, Velders, &
Staal, 2017). Levy et al. (2018) similarly found that children with ASD had significantly more
gastrointestinal disorders, feeding difficulties, and sleep problems than children with
developmental delays and the general population. Ultimately, individuals with ASD experience a
high degree of medical, psychiatric, and developmental comorbidity (Matson, 2016), all of which
can increase the complexity of treatment (and shift treatment priorities) for this population.

Given this treatment complexity, it is imperative that interventions for individuals with ASD
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simultaneously target multiple health and behavioural outcomes. Physical activity is one
modifiable health behaviour that can have positive effects on multiple areas of health, including
physical, mental, and cognitive domains (Lee et al., 2012; Lubans et al., 2016; Poitras et al.,

2016). Yet, the role of physical activity in the treatment of ASD is often overlooked.

Typical Treatment for ASD

Treatment for children with ASD typically focuses on the behavioural challenges
associated with the disorder, through a combination of behavioural interventions (e.g., applied
behaviour analysis), social skills training, speech-language therapy, and occupational therapy
(Myers & Johnson, 2007; Virués-Ortega, 2010). These treatment strategies are generally
effective at improving behavioural and social functioning outcomes for children with ASD,
particularly if they are intensive in dose and introduced in early childhood (Corsello, 2005;
Virués-Ortega, 2010). For example, long-term comprehensive applied behaviour analysis leads
to positive changes in intellectual functioning, adaptive behaviour, and language development,
with effects that are medium to large in magnitude (Virués-Ortega, 2010). However, these
behavioural interventions can be extremely cost prohibitive for families, social services, and
health care systems (Buescher, Cidav, Knapp, & Mandell, 2014; Chasson, Harris, & Neely,
2007; Horlin, Falkmer, Parsons, Albrecht, & Falkmer, 2014). Furthermore, many families face
long wait times for their child’s services, often leading to missed treatment windows (Piccininni,
Bisnaire, & Penner, 2017) and reduced family quality of life (Brown, MacAdam-Crisp, Wang, &
larocci, 2006).

Physical activity is not considered a usual treatment for children with ASD, but may be a

cost-effective intervention that could augment or support current practices. Physical activity has
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known physical (Janssen & LeBlanc, 2010; Poitras et al., 2016) and mental health (Dale et al.,
2018; Lubans et al., 2016) benefits, and has shown promise in improving behaviour, social skills,
and cognition in children with ASD (Bremer, Crozier, & Lloyd, 2016; Lang et al., 2010; Tan,
Pooley, & Speelman, 2016). Moreover, families of children with ASD have reported that having
ample opportunity to engage in leisure and recreation activities is associated with improved
family quality of life (Jones, Bremer, & Lloyd, 2017). Yet, these families are not participating in
leisure and recreation activities with their child with ASD to the extent that they would like to
participate (Jones et al., 2017). Therefore, it is important to explore how physical activity relates
to the health and behaviour of children with ASD, along with its role as a viable intervention for

this population.

Physical Activity

Children and youth with ASD tend to engage in fewer minutes of physical activity (Healy
& Garcia, 2018; Jones et al., 2017), along with fewer types of activities (Bandini et al., 2013),
than their peers with typical development. The most recent systematic review to examine the
levels and correlates of physical activity in children and adolescents with ASD included 15
studies that reported rates of physical activity participation; 5 of which compared children with
ASD to those with typical development (Jones et al., 2017). Four of these studies reported that
children with ASD engaged in less physical activity when compared against their typically
developing peers (Jones et al., 2017). The authors of the review also identified 24 potential
correlates of physical activity in children with ASD across 10 studies (Jones et al., 2017).
Unfortunately, most child-level, demographic, and environmental correlates were not sufficiently

investigated to draw meaningful inferences. However, age was found to be negatively associated
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with physical activity, while day of the week showed no association (Jones et al., 2017). A large
study recently published by Healy and colleagues (2018) also found a significant, negative,
association between age and physical activity in children with ASD, in addition to a positive
association between normal weight status and physical activity. The authors did not, however,
find an association between physical activity and any environmental factors (e.g., neighbourhood
safety and amenities) (Healy, Garcia, et al., 2018).

Since Jones and colleagues’ review (2017), new literature continues to provide evidence
that children with ASD may be less physically active than their peers with typical development
(Healy & Garcia, 2018; Healy, Haegele, Grenier, & Garcia, 2017; Stanish et al., 2017). For
example, Stanish and colleagues (2017) found that adolescents, 13-21 years of age, with ASD
engaged in significantly less physical activity (29 minutes of daily MVPA) than their typically
developing peers (50 minutes of daily MVPA). Similar deficits are evident in samples of 9 and
13 year old children with ASD, respectively, whose engagement in both physical activity and
sports was found to be significantly lower than peers without the disorder (Healy & Garcia,
2018; Healy et al., 2017). Evidence also suggests that the differences in physical activity
participation also extend to low rates of participation in leisure activities, including social (e.g.,
involvement in clubs or organizations), skill (e.g., participation in sports teams or lessons), and
chore-based activities (Ratcliff, Hong, & Hilton, 2018); thus, placing children and youth with
ASD at an even greater risk of inactivity as they transition into adulthood. Indeed, adults with
ASD engage in significantly less physical activity when compared to children and adolescents
with the disorder (Garcia-Pastor, Salinero, Theirs, & Ruiz-Vicente, 2018), which is alarming

given the already low levels of physical activity evident in childhood.
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Beyond measuring physical activity levels, it is important to understand how different
variables both relate to, and can be influenced by, participation in physical activity in children
with ASD. This level of understanding is necessary to guide intervention planning. Yet, similar
to the literature in typical populations (Metcalf, Henley, & Wilkin, 2012), there is little evidence
that physical activity interventions actually increase physical activity levels in children with
ASD. Moreover, it would appear that the majority of research employing physical activity
interventions do not measure change in physical activity behaviours as an outcome. For instance,
a recent meta-analysis of physical activity interventions for youth with ASD reported positive
effects in the areas of body composition, fitness, motor skills, and social functioning (Healy,
Nacario, Braithwaite, & Hopper, 2018); yet, there was no mention of the impact on physical
activity levels. This may be due to a lack of effect of physical activity interventions on actual
physical activity levels or may be that these interventions have not been long enough to produce
a meaningful change in activity levels. Further, publication biases may result in null effects on
physical activity variables not being reported in the literature. However, it is also possible that
increasing physical activity levels is simply not a priority for individuals working with children
with ASD. This may then speak to the need to harness physical activity as a behavioural, rather

than physical health, intervention for this population.

Models of Physical Activity Participation

In order to use physical activity as an effective intervention for children and youth with
ASD, it is imperative to understand the correlates and outcomes of physical activity
participation, along with how these variables relate to one another. One model that is frequently

used in the motor development literature is Stodden’s developmental model of motor skill

10
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(Stodden et al., 2008), which has recently been updated with substantial support for many of its
pathways (Robinson et al., 2015). The model proposes positive relationships between motor
competence, physical activity, fitness, and perceived motor competence; with these positive
relationships also being associated with improved weight status (Robinson et al., 2015; Stodden
et al., 2008). There is a great deal of support for aspects of this model in children with typical
development (Robinson et al., 2015), along with some support for the model in clinical
populations (Cairney, 2015; King-Dowling, Rodriguez, Missiuna, Timmons, & Cairney, 2018;
Rivilis et al., 2011). However, limited research has tested these proposed pathways in children
with ASD.

More recently, a model of physical activity participation was proposed by Arnell and
colleagues (2017) specifically for children with ASD. This model, called the “Conditional
Participation Model”, positions engagement in physical activity as conditional upon the
intersection of five factors: competence and confidence, motivation, adjustment to external
demands, predictability, and freedom of choice (Arnell et al., 2017). This model may be more
appropriate for children with ASD as it considers some of the behavioural and social
characteristics that may impact their participation; yet, it has not been empirically tested.

It is likely that aspects of both of these models need to be considered in the design of
appropriate physical activity interventions for children with ASD and accordingly, aspects of
both of these models can likely be improved through intervention. Therefore, it is essential to
examine the state of the literature in regard to the variables that may be related to, or outcomes
of, physical activity. This will help us to identify gaps in the literature and variables that may

have the greatest influence on physical activity for children with ASD.
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Predictors and Outcomes of Physical Activity
Physical Health

Given the potential influence of motor competence and fitness on physical activity levels
in children (Robinson et al., 2015), it is important to identify the state of the literature in regard
to these variables in children with ASD. This will help us to recognize the gaps in knowledge
that need to be addressed in order to better understand the role of physical activity for this
population. Importantly, the physical health variables discussed in this section can be considered
both predictors (i.e., necessary for participation) and outcomes (i.e., influenced by participation)

of physical activity.

Health-related Fitness

Health-related fitness includes cardiovascular fitness, muscular endurance, muscular
strength, flexibility, and body composition (Corbin, Pangrazi, & Franks, 2000). While the fitness
levels of children with ASD have generally received little empirical attention, the research that
does exist suggests this is a population who consistently experiences low levels of fitness
(Borremans, Rintala, & McCubbin, 2010; Bricout et al., 2018; Pan, 2014; Tyler, MacDonald, &
Menear, 2014). For example, Bricout and colleagues (2018) recently investigated the aerobic
capacity, flexibility, and muscular strength and power of a sample of 20 males with ASD
averaging 10 years of age. The results indicated that, in comparison to their peers with typical
development, the children with ASD performed significantly lower on all fitness variables
(Bricout et al., 2018). Similarly, in one of the larger investigations of the fitness of adolescents
(10-17 years of age) with (n=31) and without (n=31) ASD, Pan (2014) found that those with

ASD scored significantly lower on measures of aerobic fitness, muscular endurance, and
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flexibility. Likewise, Borremans et al. (2010) reported deficits in flexibility, muscular strength,
running speed, and cardiorespiratory endurance in a slightly older sample of 15-21 year old
individuals with ASD (n=30), compared to their peers with typical development (n=30). In
contrast, a study of the fitness of children 9-17 years of age with ASD (n=17) found that
significant differences were evident only in strength, but not aerobic capacity or flexibility, when
compared to children with typical development (Tyler et al., 2014).

Taken together, these findings suggest that children with ASD experience deficits across
fitness domains. However, this literature is limited by a lack of consensus on how best to
measure fitness in this population, which assessments to use, and whether they are valid for this
population. We cannot assume that fitness assessments that were initially designed for adults,
and later validated for children with typical development, will be suitable for use with children
with ASD. We know that this is a population who experiences challenges in the motor domain
(Fournier, Hass, Naik, Lodha, & Cauraugh, 2010), along with deficits in social communication
skills and a restricted range of interests and behaviours (American Psychiatric Association,
2013). Further, children with ASD often experience difficulties with sensory processing and
modulation (Ben-Sasson et al., 2009). This unique combination of challenges may make fitness
testing particularly difficult for a child with ASD, particularly if it involves novel equipment
(e.q., treadmill, cycle ergometer), or the need to regulate their behaviour to follow multi-step
instructions in order to complete the test. To-date, none of the studies reporting on fitness
outcomes in children with ASD have reported information regarding the feasibility, reliability, or
validity of the assessments used. As such, one cannot discern whether the fitness tests are being
completed as intended, nor whether they are actually measuring the fitness parameters that they

claim to measure. As fitness is both a critical component of overall health and a common
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outcome of physical activity interventions, it is imperative that we establish key measurement

properties of commonly used fitness assessments.

Body composition. The literature regarding body composition, an aspect of health-
related fitness, has received more attention than many other physical health variables. This data
overwhelmingly indicates that children with ASD are at risk of being overweight and obese
(Balogun, 2016; Healy, Aigner, & Haegele, 2018; McCoy, Jakicic, & Gibbs, 2016). For
example, a recent review including multiple large, population-based, studies found that children
and adolescents with ASD experience an increased prevalence of obesity, ranging from 10-30%
of those with ASD (Balogun, 2016). Similarly, McCoy and colleagues (2016) examined
differences in body composition and physical activity behaviours in a large sample of
adolescents with (n=915) and without (n=41,879) ASD through a secondary data analysis from
the US National Survey of Children’s Health (NSCH). They found that the adolescents with
ASD were 27% more likely to be overweight and 72% more likely to be obese than their peers
with typical development. Interestingly, they also found that those with ASD were 48% more
likely to be underweight than their peers with typical development. However, when participation
in physical activity, sports, and clubs was controlled for, only the odds of being obese remained
significantly elevated in those with ASD, with an odds ratio of 1.33 (McCoy et al., 2016). More
recently, Healy and colleagues (2018) examined a newer data cycle from the NSCH that
included 750 adolescents (weighted n=875,963; 10-17 years of age) with ASD in comparison to
25,173 adolescents (weighted n=31,913,657) with typical development. They found that those
with ASD were at close to 1.5 times greater odds of both overweight and obesity than those

without. Further, adolescents with more severe ASD had a significantly higher odds of obesity
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(odds ratio = 3.35) than those with mild ASD. Similar findings from another large-scale study
found that children with ASD (n=668) were 1.5 times more likely to be overweight or obese than
general population controls (n=884), even when controlling for co-occurring medical,
behavioural, developmental, and psychiatric conditions (Levy et al., 2018). Additionally, this
study also found that children with ASD with moderate or severe symptoms were 1.7 times more
likely to be overweight or obese than those children with mild symptoms (Levy et al., 2018).
Taken together, these results demonstrate that children and adolescents with ASD are at an
increased risk of an unhealthy body composition, with this risk being exacerbated as symptom
severity increases.

Despite the detrimental effects of an unhealthy body composition, very few interventions
(N=12) have addressed weight management in this population, with only half of these studies
finding significant weight loss (Healy, Pacanowski, & Williams, 2018). There are likely many
factors that contribute to the increased risk of overweight and obesity in children with ASD
including metabolic side-effects from medications, sleep disturbances, and abnormal eating
behaviours (Curtin, Jojic, & Bandini, 2014). However, one potentially modifiable factor (or set
of factors) that may contribute to this increased risk is the motor competence — physical activity
— physical fitness pathway (Robinson et al., 2015; Stodden et al., 2008), which would suggest
that children who experience deficits in these areas will also have an unhealthy body
composition. Yet, these pathways have not been explored in children with ASD. Understanding
the relationship between body composition and physical activity in children with ASD will
provide insight into whether body composition is likely to improve with physical activity, as well
as the need to potentially account for differences in body composition in the design and analysis

of physical activity interventions.
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Motor Competence

Children with ASD experience significant delays in their motor competence, which have
been noted since Kanner’s (1943, 1971) first descriptions of the disorder. It is evident that these
motor delays appear early in development (Lloyd, MacDonald, & Lord, 2013) and persist
through childhood and into adulthood (Bhat, Landa, & Galloway, 2011). Further, motor delays
persist across multiple realms of the motor domain including motor coordination and postural
stability, and include deficits in planning and sensorimotor integration, in addition to the actual
execution of motor tasks (Fournier et al., 2010). Motor delays may have implications across
multiple domains of functioning for children with ASD as a result of limited opportunities to
engage with one’s environment and peers through movement-based exploration. The
development of motor and social skills are indeed interrelated in children with and without
neurodevelopmental disorders (Leonard & Hill, 2014), yet the implications for children with
ASD may be even more far-reaching. Previous research has found associations between motor
skills and measures of social communicative skills (Hirata et al., 2014; MacDonald, Lord, &
Ulrich, 2013b; Sipes, Matson, & Horovitz, 2011), adaptive behaviour (MacDonald, Lord, &
Ulrich, 2013a), autism severity and status (LeBarton & Landa, 2019; MacDonald, Lord, &
Ulrich, 2014) and language (Bhat, Galloway, & Landa, 2012; LeBarton & lverson, 2013;
LeBarton & Landa, 2019). Given the priority of these areas for intervention in children with
ASD, their relationship with the motor domain cannot be overlooked.

In terms of participation in physical activity, fundamental movement skills are considered
the foundational movements necessary for regular engagement (Lubans, Morgan, Cliff, Barnett,
& Okely, 2010; Payne & Isaacs, 2011). Fundamental movement skills are positively associated

with physical activity, fitness, and a healthy body composition in children with typical
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development (Lubans et al., 2010; Robinson et al., 2015). While there is some evidence of a
positive association between motor competence and fitness in children with ASD (Pan, 2014),
these pathways have traditionally received little attention in this population. This is a concern
given that previous research indicates that the fundamental movement skills of children with
ASD are significantly delayed (Bremer, Balogh, & Lloyd, 2015; Ketcheson, Hauck, & Ulrich,
2018; Staples & Reid, 2010); thus, potentially placing them at risk of numerous health and
behavioural deficits. Fundamental movement skills have been shown to improve through
intervention (Bremer et al., 2015; Bremer & Lloyd, 2016; Ketcheson, Hauck, & Ulrich, 2017;
Sowa & Meulenbroek, 2012). However, despite continual evidence of motor delays in this
population, there has yet to be a shift to include motor skill interventions as standard care for
children with ASD.

From a participation standpoint, these motor delays are concerning as they may lead to
deficits in both physical activity and further skill development. Indeed, the developmental skill-
learning gap hypothesis proposes that children lacking the movement skill necessary to engage in
age-appropriate physical activity will withdraw from said activity as their skill level is no longer
sufficient to keep-up with their peers; thus, greatly limiting any further opportunity for skill
development (Wall, 2004). For children with ASD, this skill-learning gap may in fact extend to
developmental areas beyond movement skill and into the social communicative skills that are
also necessary for meaningful participation in play and physical activity with peers.
Understanding the role of motor competence, and its association with other physical and
behavioural health variables, may provide further insight into how motor competence influences

(and is impacted by) physical activity in children with ASD.
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Behavioural and Cognitive Well-being

There are many reasons for the high levels of physical inactivity seen in children with
ASD, one of which may be that parents tend to prioritize behavioural interventions over physical
activity programs (Gregor et al., 2018). Yet, physical activity may offer numerous behavioural
and cognitive benefits, on top of the physical health benefits. For example, previous reviews
have indicated improvements in the areas of repetitive and stereotyped behaviours, social-
emotional functioning, and cognition for individuals with ASD (Bremer et al., 2016; Lang et al.,
2010; Sowa & Meulenbroek, 2012; Tan et al., 2016). However, there is still little consensus on
the type and dose of activity that is most beneficial for this population, along with the
mechanisms that may be driving these behavioural changes. Much like the pertinent physical
health variables, it is important to understand how behavioural and cognitive variables relate to
participation in children with ASD. Indeed, it is possible that a certain level of behavioural or
cognitive functioning is necessary for meaningful participation in physical activity. However, it

is also likely that these variables can be improved through participation.

Repetitive or Stereotypic Behaviour

The majority of research that has examined the effect of physical activity on behavioural
outcomes in children with ASD has focused on reductions in repetitive or stereotypic behaviours,
typically through direct observation of participants immediately following a bout of activity
(Bremer et al., 2016; Lang et al., 2010). For example, one of the first studies to examine this
effect found an average reduction in stereotypic behaviours of approximately 30% following 8-
10 minutes of jogging when compared to a typical academic session in five males with autism

(Watters & Watters, 1980). Since this work, researchers have continued to find that stereotypic
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behaviours are reduced in children and adolescents with ASD following a brief session of
jogging (e.g., Kern, Koegel, & Dunlap, 1984; Kern, Koegel, Dyer, Blew, & Fenton, 1982;
Levinson & Reid, 1993; Rosenthal-Malek & Mitchell, 1997). While the results of this work are
positive, the findings need to be considered in light of numerous limitations. For example, these
studies included small samples, unstandardized outcome measures, and generally failed to
characterize the intensity of the jogging activity. Further, participants were often chosen for these
studies based on having a high level of stereotypic behaviours at baseline; thus, the effect of
physical activity on children with mild stereotypies is unclear.

In contrast, Schmitz Olin and colleagues (2017) recently employed a within-subject
experimental design to investigate the effect of exercise intensity and dose on reductions in
stereotypic behaviours in adolescents (N=7) with ASD. The authors compared the effects of 10
and 20 minutes of both low- and high-intensity exercise on reductions in stereotypic behaviours
in comparison to a sedentary control condition. They found reductions in these behaviours
following all exercise conditions, with the exception of the 20-minute high-intensity condition,
which resulted in an increase in stereotypic behaviours compared to the control condition. The
authors also found that the 10-minute low-intensity condition resulted in the greatest reduction in
behaviours across all time points (15-, 30-, 45-, and 60-minutes post-exercise) (Schmitz Olin et
al., 2017).

One hypothesis for the reduction in stereotypic behaviour following physical activity has
been that participants are too fatigued to engage in these negative behaviours. However, the
literature would suggest that this is not the case as previous research has demonstrated
improvements in positive behaviours (e.g., appropriate responding) following physical activity in

children with ASD (e.g., Kern et al., 1982; Nicholson, Kehle, Bray, & Heest, 2011; Oriel,
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George, Peckus, & Semon, 2011; Rosenthal-Malek & Mitchell, 1997). If fatigue were causing a
reduction in stereotypic behaviours, it should simultaneously cause a reduction in positive
behavioural responses. Further, results from Schmitz Olin and colleagues’ (2017) also help to
rule out the fatigue hypothesis as they found that the highest intensity and dose of exercise
actually resulted in an increase in stereotypic behaviours rather than a reduction. In all, these
results suggest that physical activity can result in a decrease in stereotypic behaviours in children
with ASD and that this reduction is likely not attributed to fatigue. It is therefore likely that other

factors, such as cognition, play an important intermediary role in these behavioural changes.

Cognition

As noted above, physical activity has been shown to result in improved behavioural
outcomes in children with ASD (Bremer et al., 2016), with these improvements possibly related
to improved cognition. Indeed, previous research has also demonstrated a positive effect of
physical activity on aspects of cognition, such as correct academic responding (e.g., answering
questions in class) and time on-task, in this population (Bremer et al., 2016; Tan et al., 2016).
Further, meta-analytic findings point to a significant, medium (r=.471), effect of exercise on
cognition in individuals with ASD (Tan et al., 2016). However, the literature in this area has
generally been limited by few studies (e.g., N=6 in Tan et al.’s 2016 meta-analysis), with a
limited number of participants (median sample size of 10), and unstandardized outcome
measures. Further, the research on physical activity and cognition to date in children with ASD
has largely focused on behavioural outcomes (e.qg., time on task), rather than more specific

aspects or mechanisms of these cognitive effects. One aspect of cognition that warrants further
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attention is executive functioning, given the neural connectivity issues and subsequent executive

dysfunction experienced by children with ASD (Demetriou et al., 2018; Wass, 2011).

Executive functions. Executive functions represent a number of higher-order cognitive
processes including inhibition, working memory, and cognitive flexibility, that are necessary for
purposeful, goal-directed behaviours (Anderson, 2001). A large body of literature has examined
the effects of acute and chronic physical activity on executive functions in children and
adolescents with typical development (Best, 2010; Diamond, 2015; Diamond & Ling, 2018;
Gunnell et al., 2018; Hillman & Biggan, 2017; Raine et al., 2018). Research is still mixed in
regard to the type(s) and duration(s) of exercise that may elicit the greatest improvements, in
addition to which executive functions benefit the most; however, results generally suggest some
improvement across aspects of executive functioning (Gunnell et al., 2018).

In their systematic review on the behavioural benefits of physical activity for children
with ASD, Bremer and colleagues (2016) hypothesized that executive functions may be one
mechanism driving these behavioural improvements. Despite this hypothesis, few studies have
investigated this effect in children with ASD. Nevertheless, preliminary results are promising.
For example, Anderson-Hanley and colleagues (2011) explored the effects of exergaming on
aspects of executive functioning in two samples of 10-18 year old adolescents with ASD. First,
in a within-subjects design, they found that participants (N=12) with ASD significantly improved
in tests of working memory and inhibition, with large effect sizes, following a 20-minute bout of
a dance-based exergame in comparison to a sedentary control condition (Anderson-Hanley et al.,
2011). Second, they found that an additional 10 participants (8-21 years of age) significantly

improved on a working memory task following a 20-minute bout of cyber-cycling when
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compared to the control condition from the first experiment (Anderson-Hanley et al., 2011).
Although the evidence of exergaming for physical health benefits is mixed (Kari, 2014; LeBlanc
et al., 2013), these findings point to improvements in executive functioning following an acute
bout of activity for adolescents with ASD.

More recently, Pan et al. (2017) investigated the effect of a 12-week table tennis
intervention on aspects of executive functioning (working memory and cognitive flexibility) in
6-12 year-old children with ASD (N=22). Following the intervention, participants in the
experimental group (n=11) demonstrated significant improvements in their executive functions
(#° range from 0.33-0.44) in comparison to control participants (n=11) (Pan et al., 2017). These
findings suggest that improvements in executive functioning may be seen following a long-term
physical activity intervention, although it is unknown whether these results could be replicated
using other modes of physical activity. Lastly, Memari and colleagues (2017) examined the
relationship between physical activity and cognitive flexibility in a sample of individuals 6-16
years of age with ASD (N=68). They found a significant, albeit weak, correlation between
cognitive flexibility and physical activity whereby children with lower cognitive flexibility
scores engaged in less physical activity (Memari et al., 2017). These findings are strengthened by
a large sample size; however, they are limited by the cross-sectional design which limits our
ability to make inferences regarding causality.

Taken together, the findings from these studies suggest that aspects of executive
functioning may be related to physical activity in children and adolescents with ASD, and that
both acute and chronic physical activity may elicit improvements to executive functions in this

population.
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Gaps and Limitations in the Literature

Children with ASD experience challenges in the areas of social communication and
social interactions, along with the presence of restricted or repetitive behaviours and interests
(American Psychiatric Association, 2013). These challenges can be attributed to widespread
disruptions in neural connectivity (Just et al., 2007; Wass, 2011), which may have a particular
impact on communication between brain regions with later developing regions, such as the
prefrontal cortex, being the most affected (Just et al., 2007; Wass, 2011). As such, ASD is also
considered a disorder of executive dysfunction (Demetriou et al., 2018; Hill, 2004b, 2004a), with
deficits in executive functions attributed to the behavioural characteristics of the disorder. Yet,
beyond these core challenges, children with ASD also experience multiple physical health
deficits including low levels of motor competence (Fournier et al., 2010), low fitness (Bricout et
al., 2018; Pan, 2014), and a high prevalence of overweight and obesity (Healy, Aigner, et al.,
2018). It is plausible that all of these factors — from behavioural to physical health variables — are
related to the low levels of physical activity evident in this population (Jones et al., 2017). More
importantly, it is possible that we may be able to harness physical activity to elicit improvements
in the behavioural functioning of children with ASD, in addition to their physical health. In order
to effectively use physical activity as a behavioural intervention, we must first address many of
the fundamental gaps in the literature.

First, while we know that children with ASD experience many physical and behavioural
health deficits, we do not have a good understanding of how these variables (e.g., motor skills,
fitness, weight status, behavioural functioning) are related to participation in physical activity in
this population. While we can draw from the literature on children with typical development,

using models such as Stodden’s (2008), we do not know if these variables have the same effect
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on participation in children with ASD. Moreover, there may be other, more ASD-specific (e.g.,
social communicative skills), factors that influence these relationships. Therefore, it is important
to understand how common correlates and outcomes of physical activity are related to one
another in children with ASD, along with the role of other variables (e.g., behavioural
functioning) that may be more pertinent to the population, in order to design effective physical
activity interventions.

Second, in order to be confident in our assessments of the variables associated with
physical activity, we need to have knowledge regarding the measurement properties of
assessments and measures used in this population. While many of these variables, such as motor
competence, have reliable and valid standardized assessments, the reliability of fitness
assessments has not been explored for children with ASD. This is a critical gap in the literature
as we cannot assume that fitness assessments used for other populations can simply be
transferred to children with ASD. Moreover, beyond measurement properties we must also
understand which fitness assessments, and types of physical activity, are feasible to implement in
children with ASD.

Third, while there is evidence that physical activity can elicit behavioural improvements
in children with ASD (Bremer et al., 2016), there is limited understanding of what is driving
these effects. It is plausible that improvements to executive functions may be the key factor in
these behavioural improvements; yet, the effect of physical activity on executive functions has
not been sufficiently tested in children with ASD.

Finally, the extant literature has generally approached the topic of physical (in)activity in
children with ASD in a silo: studies tend to focus on physical activity levels alone, or measured

alongside a few other variables without testing associations. Further, while some physical
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activity-based interventions have measured behavioural outcomes, the studies have often been
limited by a lack of controls, unstandardized measures, and poor characterization of the activity
itself. It is important that we take a more comprehensive approach when exploring the role of
physical activity for children with ASD to ensure that we understand how physical, behavioural,

and cognitive variables both influence and change with participation.

Interdisciplinary Framework of Physical Activity

In light of the gaps and limitations in the literature and the need to take a more
comprehensive approach to the study of physical activity in children with ASD, we propose here
an interdisciplinary framework of physical activity correlates and outcomes (Figure 1). This
framework seeks to connect work in the area of motor development and exercise psychology in
order to advance our understanding of the role of physical activity for children with ASD. In
brief, the framework proposes reciprocal relationships between motor competence, health-related
fitness, and physical activity. Further, we propose that adaptive behaviour is an outcome of
physical activity and also reciprocally related to motor competence. Lastly, we position cognition
as both an outcome of physical activity and related to both adaptive behaviour and health-related
fitness. While aspects of this framework have been presented before (e.g., Stodden et al., 2008),
the specific inclusion of adaptive behaviour makes it relevant to the study of ASD and indeed, all
children with neurodevelopmental disorders. In this sense, the framework is novel with regard to

the inclusion of this domain.

25



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

Motor ) , Adaptive
Competence \ / Behawour
Physical
Activity
‘L / \‘
Health-related :
» Co gmtlon

Fitness

Figure 1. Proposed interdisciplinary framework of physical activity correlates and outcomes.

General Purpose of Dissertation

Guided by the literature and our proposed framework of physical activity correlates and
outcomes, the objective of this dissertation was to explore the role of physical activity with the
overarching intent of understanding how physical activity may be used as a behavioural
intervention for children with ASD. While the studies included in this dissertation were joined by
a common interest in understanding the role of physical activity for children with ASD, they
were not designed as a sequential set of studies. Rather, given the general paucity of research in
this area to-date, this dissertation set out to address these gaps through a set of studies designed
to build the necessary foundational knowledge in this area. These studies were driven by
theoretical considerations, grounded in the study of motor development, and identified through a
review of correlates and outcomes of physical activity that are contextually relevant for children

with ASD.
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Specific Objectives
The specific objectives of the studies in this dissertation were:

1) To investigate the test-retest reliability and feasibility of select fitness assessments for
use with children with ASD.

2) To examine the relationship between motor competence and adaptive behaviour in
this population.

3) To examine the associations between motor competence, physical activity, and
health-related fitness, and the role of adaptive behaviour in these associations in
children with ASD.

4) To investigate the acute effect of exercise on executive functioning in children with

ASD.

Specific Hypotheses
The specific hypotheses of the studies in this dissertation were:

1) Fitness assessments would be feasible and reliable to implement for children with
ASD, with reliability being highest in assessments that were relatively short in
duration and required limited instructions.

2) Motor competence and adaptive behaviour would be positively associated in children
with ASD.

3) Motor competence, physical activity, and health-related fitness would be positively
associated with one another, and adaptive behaviour would moderate these
associations in children with ASD.

4) An acute bout of exercise would result in significant improvements to aspects of

executive functioning, when compared to a control condition, in children with ASD.
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Preamble

Reliable and feasible fitness testing for children on the autism spectrum is the first study in
the dissertation. The study examines the test-retest reliability and feasibility of select fitness
assessments for 7-12 year old children with autism spectrum disorder.

The following manuscript is currently under review (revisions submitted) at Research Quarterly
for Exercise and Sport. The word document version of the manuscript (formatted according to
Research Quarterly for Exercise and Sport author guidelines) is included in the dissertation.

The copyright for this manuscript is currently held by the authors.

Contribution of Study 1 to overall dissertation:

Study 1 provides the first evidence of critical measurement properties of common fitness
assessments for use with children with ASD. Findings from Study 1 indicate that tests that are
short in duration and require minimal instruction demonstrate the greatest test-retest reliability
and feasibility. These results provide the necessary foundation to move forward with assessments
of health-related fitness in children with ASD.
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Abstract
Purpose: This study examined the test-retest reliability and feasibility of select fitness
assessments in 7-12 year old children on the autism spectrum.
Method: Participants (N=14; n=1 female; Mage = 9.5 + 1.7 years) completed 7 fitness
assessments, administered in a random order, on two occasions: Bruce protocol; Modified 6-
minute walk test (M6MWT); Wingate anaerobic cycling test; muscle power sprint test (MPST);
sit & reach; standing long jump; and grip strength. Intraclass correlations (two-way mixed with
absolute agreement) were computed to examine test-retest reliability. Feasibility was assessed by
questionnaire following the first administration of each test.
Results: The Wingate (ICC = .956), standing long jump (ICC =.925), grip strength (ICC =
.913), and sit and reach (ICC = .829) tests demonstrated good- to- excellent reliability, while the
Bruce protocol (ICC = .811), M6MWT (ICC = .510), and MPST (ICC =.703) demonstrated
moderate- to- good reliability based on the 95% confidence intervals of the ICC. All tests
demonstrated assessor-rated feasibility scores of 70/100 or higher and child-rated feasibility
scores of 66/100 or higher.
Conclusion: The results demonstrate moderate- to excellent test-retest reliability for select
fitness tests. Short, single-instruction (e.g., standing long jump) tests may be more reliable than
lengthier assessments (e.g., M6MWT) in this population. Implications of this work include the
ability of practitioners and researchers to feasibly and reliably measure the fitness of school-aged
children on the autism spectrum for ongoing health and behavioural monitoring and intervention

purposes.
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Reliable and feasible fitness testing for children on the autism spectrum

Autism Spectrum Disorder is a common neurodevelopmental disorder that occurs in
approximately 1 in 59 children (Baio et al., 2018). While individual children on the autism
spectrum present a unique set of strengths and difficulties, the disorder is broadly characterized
by impairments in social communication, social interactions, and the presence of restricted and
repetitive behaviours (American Psychiatric Association, 2013). These core impairments are
typically the focus of intervention for children on the autism spectrum; however, research
suggests that this population also experiences significant disparities in their physical and mental
health (Gurney, McPheeters, & Davis, 2006; Hirvikoski et al., 2016). It is plausible that physical
inactivity and low fitness are partially to blame for these health disparities, yet research in this
area is limited.

Existing evidence suggests that children and youth on the autism spectrum are less fit
than their neurotypical peers. Specifically, significant differences have been found in measures
of flexibility, muscular strength and endurance, aerobic fitness, and body composition
(Borremans, Rintala, & McCubbin, 2010; Pan, 2014; Tyler, MacDonald, & Menear, 2014). The
fitness of individuals on the autism spectrum should be considered an essential component of
their overall well-being from both a physical and behavioural standpoint: higher fitness is
associated with reductions in morbidity and mortality (Fogelholm, 2010; Nocon et al., 2008), in
addition to improvements in a number of behavioural domains (Bremer, Crozier, & Lloyd,
2016). Our understanding of the role of fitness for children on the autism spectrum is however
limited by our ability to reliably measure it. The aforementioned studies have included a wide
range of fitness assessments including shuttle runs, sit and reach tests, grip strength, standing

long jump, push ups, curl ups, and walk tests. While the standing long jump, six minute walk
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test, and grip strength have shown adequate reliability for children with an intellectual disability
(Wouters, Evenhuis, & Hilgenkamp, 2017; Wouters, van der Zanden, Evenhuis, & Hilgenkamp,
2017), the reliability and feasibility of common fitness assessments have yet to be established for
children on the autism spectrum.

We cannot assume that fitness assessments that were initially designed for adults, and
later validated for children with typical development, will be suitable for use with children on the
autism spectrum. We know that this is a population who experiences challenges in the motor
domain (Fournier, Hass, Naik, Lodha, & Cauraugh, 2010), along with deficits in social
communication skills and a restricted range of interests and behaviours (American Psychiatric
Association, 2013). Further, children with ASD often experience difficulties with sensory
processing and modulation (Ben-Sasson et al., 2009) and exhibit lower levels of motivation to be
physically active than their peers (Pan, Tsai, Chu, & Hsieh, 2011). This unique combination of
challenges may make fitness testing particularly difficult for a child with ASD, particularly if it
involves novel equipment (e.g., treadmill, cycle ergometer), or the need to regulate their
behaviour to follow multi-step instructions in order to complete the test.

The failure of existing research to test the measurement properties of the measures used
makes the interpretation of results problematic: in the absence of estimates of reliability for
example, the influence of measurement error on performance results is not known. Moreover,
evidence of the reliability and feasibility of approaches used to measure fitness is essential for
future research. Therefore, the purpose of this study was to examine the test-retest reliability and

feasibility of common fitness assessments for children 7-12 years of age on the autism spectrum.
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Method

Sample

Participants were primarily recruited through a mail-out to families waiting for services at
a local children’s treatment centre, in addition to advertisements placed throughout the
community. Participants were between 7 years, 0 months and 12 years, 11 months of age with a
diagnosis of autism spectrum disorder, confirmed by the participant’s parent or guardian.
Participants were precluded from participating if they could not safely engage in the exercise
assessments due to a physical (e.g., unstable heart condition) or behavioural (e.g., aggression
toward others) concern, as indicated by their parent or guardian.
Study Design

This reliability study was embedded in a larger cross-sectional study examining the
physical health of children on the autism spectrum. Participants enrolled in the study were
randomized at study entry using a random number generator (randomizer.org) to one of two
study groups: Regular or Reliability. All participants in the study completed an initial four study
appointments and participants in the reliability group completed an additional two appointments,
for a total of six. Appointment 1 was a familiarization to the lab, research team, and exercise
equipment; no data collection occurred at this appoint. Appointment two included an assessment
of motor competence, along with behavioural and demographic questionnaires completed by the
participants’ parent for use in the larger study. Seven standardized fitness assessments were
administered in a random order over Appointments 3-4. These assessments were spread over two
appointments in order to minimize participant fatigue. Participants in the reliability group were
then retested on all fitness assessments, in the same order as they were initially completed,

during appointments 5-6. The flow of participants through the study is outlined in Figure 1.
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The order of each of the seven fitness assessments was randomized, per participant, using
a random number generator (randomizer.org) prior to the first fitness appointment. Randomization
was completed to negate any fatigue effects that may occur with an experimenter-derived order of
testing. Given that there were over 5,000 permutations of the possible order of testing, no two
participants had the same randomization schedule for testing. The first four fitness assessments in
the randomization schedule were completed at Appointment 3, while the remaining three fitness
assessments were completed at Appointment 4. This testing order was replicated at the two
reliability appointments (see Figure 1). Time of day of the fitness assessments was controlled
within participants as each of the participants’ four fitness appointments were completed at
approximately the same time each day. However, the time of day varied between participants based
on participant availability. All fitness assessments occurred indoor, in a temperature-controlled
research laboratory. In all, each fitness assessment was completed on two occasions, separated by
an average of 21 + 7 days.

The study was approved by an Institutional Research Ethics Board. All parents provided
informed written consent and children 8 years of age and older provided informed written assent.
Measures

Demographic information and behavioural functioning. Demographic information
and basic medical history was obtained through parental completion of a participant
supplemental information form. The Vineland Adaptive Behavior Scales-2 (VABS-2)
Parent/Caregiver Rating Form (Sparrow, Balla, & Cicchetti, 2005) was completed to provide a
comprehensive measure of adaptive behavior covering the domains of communication, daily
living skills, socialization, and maladaptive behavior. The VABS-2 adaptive behavior composite

standard score (mean=100, standard deviation=3) and maladaptive behavior v-scale scores

43



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

(mean=15, standard deviation=3) were used to describe the overall adaptive behavior levels of
the sample. The VABS-2 is commonly used for individuals on the autism spectrum and has
demonstrated good psychometric properties (Sparrow et al., 2005).

Anthropometry. Height was measured using a Seca SC264 stadiometer (Chino,
California) to the nearest 0.1 cm and weight was measured using a Seca SC869 digital scale
(Chino, California) to the nearest 0.1 kg. BMI was calculated and classifications of weight status
were made using the IOTF cut-points for children (Cole & Lobstein, 2012).

Aerobic fitness. The Bruce protocol treadmill test (Bruce, Kusumi, & Hosmer, 1973)
with progressive increases in speed and incline was used to assess aerobic fitness. Participants
were familiarized to the treadmill at Visit 1 through a 5-10 minute practice session that included
both walking and running on the treadmill. The protocol began at a speed of 1.7 mph and a 10%
gradient and progressed in speed and grade every 3 minutes. Participants were instructed to hold
on to the side rails of the treadmill for support and a spotter was placed at the rear of the
treadmill for safety. Standard verbal encouragement was provided to all participants throughout
the test (e.g., “keep going”, “you can do it”). The test was stopped whenever the participant
showed signs of exhaustion, distress, or could no longer keep pace with the speed of the belt.
Heart rate (HR) was assessed continuously during the test with a HR monitor (Polar H7,
Lachine, QC) worn around the chest. Participants completed one trial of the Bruce protocol and
the primary outcomes of this assessment were time to exhaustion (in seconds) and peak HR.
Participants’ data was only included in the analysis if their peak HR was 180 bpm or higher.
Participants were provided with a 10-minute seated rest following completion of the test.

The Modified 6-Minute Walk Test (M6MWT) was administered as an additional measure

of aerobic fitness. The test requires participants to walk as far as they can in 6 minutes and has
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been shown to be reliable and valid in children and youth with typical development (Li, 2005; Li
et al., 2007). Participants were familiarized to the testing space (indoor corridor) for the
M6MWT at Visit 1 and allowed to practice walking back and forth in this area. Traditionally,
participants walk back-and-forth along a straight 30 metre path as many times as possible in 6
minutes (ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories, 2002). For the current study, the test was modified to have participants travel back
and forth between two pylons placed 15 metres apart. This shorter, 15-metre, distance was
chosen in order to ease the completion of the task by keeping it more contained for the
participants. Similar modifications to the 6MWT have been made for other populations of
children [e.g., children with intellectual disability; (Wouters, van der Zanden, et al., 2017)]. The
test was self-paced and standard verbal encouragement (i.e. “good work”, “keep going”) was
provided each time the participants reached the end of the 15-metre distance. Participants
completed one trial of the M6EMWT and the primary outcome of this assessment was distance
covered (in metres) during the 6 minutes. Participants were provided with a 10-minute seated
rest following completion of the test.

Anaerobic fitness. Anaerobic fitness was measured with the 30-second Wingate
anaerobic cycling test (Bar-Or, 1987), which measures short-term muscle power output using a
cycle ergometer (LODE Pediatric, Groningen, The Netherlands). Participants were familiarized
to the cycle ergometer at Visit 1 through a 2-3 minute bout of cycling at their own pace, followed
by a brief (20-30) sprint at maximum speed. On the day of assessment, participants completed a
brief warm-up (1-2 minutes of light pedalling) and then pedaled as fast as they could for
approximately 20 seconds to establish maximum pedaling speed. After establishing maximum

pedaling speed, participants had a brief rest and then completed a second sprint against a braking
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force (0.55 Nm/Kg) applied once they reached 80% of their maximum pedaling speed. Standard
verbal encouragement was provided to participants throughout each of the two sprints (e.g.,
“keep going”, “don’t stop pedaling”, “go, go, go!”). Peak power output (highest power output)
and mean power output (power output over the 30 seconds) were taken in absolute values
(watts). We also examined mean power over the first 10 seconds of the test due to motivational
and coordination challenges with maintaining pedaling for the full 30 seconds. The LODE
Wingate software package (Lode BV, Groningen, The Netherlands) was used to calculate all
power outputs. This protocol has previously been used with young children with and without
motor coordination difficulties (Gabel, Obeid, Nguyen, Proudfoot, & Timmons, 2011).
Participants completed one trial of the Wingate and the primary outcomes of this assessment
were peak power, mean power over 30 seconds, and mean power over 10 seconds. Participants
were excluded from the 10 second mean power analyses if they stopped pedaling within the first
10 seconds of the load being engaged. Participants who stopped pedaling during the final 20
seconds of the load being engaged were only excluded from the 30 second mean power analysis.
Participants were provided with a 5-minute seated rest following completion of the test.

The Muscle Power Sprint Test (MPST) was administered as a second measure of
anaerobic fitness. The MPST was developed and validated to test the anaerobic functioning of
children with cerebral palsy who have difficulty with motor coordination and are thus better
suited to an intermittent sprint test, rather than a continuous test (Verschuren, Takken, Ketelaar,
Gorter, & Helders, 2007). Since then, the MPST has been validated for children 6-12 years of
age with typical development (Douma-van Riet et al., 2012). Participants were familiarized to
the testing space (indoor corridor) for the MPST at Visit 1 and allowed to practice running as fast

as they could. For the assessment, the MPST required the child to perform a total of 6 timed 15
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metre runs at their maximum pace. Each of the 6 runs were timed to the hundredth of a second
and a 10-second rest period was provided between each of the 6 runs. Participants were verbally
encouraged to go as fast as they could during each run (e.g., “go, go, go!”, “run fast”). The
following variables were created for each of the 6 sprints: velocity (m/s) = distance/time,
acceleration (m/s?) = velocity/time, Force (kg/s?) = body mass x acceleration, and power (watts)
= force x velocity (Douma-van Riet et al., 2012; Verschuren et al., 2007). Participants completed
one trial of the MPST and the primary outcomes were peak power (recorded as the highest
calculated power output among the 6 sprints) and mean power (average power output of all 6
sprints). Participants were provided with a 5-minute seated rest following completion of the test.

Musculoskeletal fitness. Standing long jump was administered as a measure of lower
body muscular power (Castro-Pifiero et al., 2010). Participants were familiarized with the
standing long jump at Visit 1, where they were able to practice jumping as far as they could for
up to 5 trials. Participants were asked to jump from a standing position as far as they could using
a 2-foot take-off and landing. Standard verbal encouragement (e.g., “nice jump”) was provided
after each jump. A maximum of 6 trials were completed in order to obtain 3 valid trials, with the
primary outcome being the furthest distance jumped (measured in cm). Participants were
provided with a 2-minute seated rest following completion of the test.

A digital handgrip dynamometer (Smedley Pro Digital, Japan) was used to measure grip
strength, which is an indicator of total muscle strength (Wind, Takken, Helders, & Engelbert,
2010). A familiarization to the handgrip dynamometer was provided at Visit 1, where
participants were able to practice squeezing the dynamometer for up to 5 trials per hand. For the
actual assessment, the dynamometer was fitted to the participants hand in line with protocols

suggested by Espafia-Romero et al. (2008). Participants were instructed to stand with their arms
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down at their sides, but not touching the side of their body. Participants then squeezed the
dynamometer as hard as they could, while standard verbal encouragement was provided (e.g.,
“squeeze!”, “nice job”). Two trials were completed for each hand and the primary outcome was
the highest of the trials, per hand, measured to the nearest 0.1 kg. Participants were provided
with a 2-minute seated rest following completion of the test.

Flexibility was assessed using the Sit and Reach Test (Wells & Dillon, 1952). The
participant was seated on the floor with their legs straight and feet held flat against the sit and
reach box (Flex-Tester, Creative Health Products, USA), positioned at a distance of 23 cm. A
familiarization to the sit and reach box and test was provided at Visit 1 where participants were
able to practice the task for up to 5 trials. For the assessment, participants were instructed to
reach forward as far as they could, with hands on top of one another, and measurements were
taken to the nearest 0.5 cm. A maximum of 3 trials were completed in order to obtain 1 valid
trial. Standard verbal encouragement was provided during and following the test (e.g., “reach,
reach, reach”, “good job”). Participants were provided with a 2-minute seated rest following
completion of the test.

Test feasibility. Test feasibility was measured by the completion of 3 questions answered
by the test assessor immediately following each fitness assessment. The questions asked about
the ease of test administration, perceptions on whether the child understood how to perform the
test, and perceptions of the child’s effort on the assessment. Each question was answered using a
100 mm visual analogue scale (VAS), with higher scores indicating greater feasibility. When
possible, participants also answered 3 similar questions on a 100 mm VAS regarding the
difficulty of the test, their perceived enjoyment, and their perceived effort. Higher scores on the

participant questionnaire also indicated greater feasibility. Both the assessor and participant
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questionnaires were modified versions of those used by Verschuren (2007) to test feasibility of
the MPST in children with cerebral palsy.
Statistical Analysis

Descriptive statistics were calculated for participant demographic characteristics and the
primary outcomes for each of the fitness assessments. Two-way mixed intraclass correlation
(ICC) analyses with absolute agreement on single measures were used to examine the test-retest
reliability of the primary outcomes of each of the fitness assessments. ICC values were
interpreted as poor reliability if they were less than 0.5, moderate reliability between .5 to .75,
good reliability between .75 to .9, and excellent reliability if the value was greater than .9 (Koo
& Li, 2016). In addition, paired samples t-tests and effect sizes (Cohen’s d) were used to
examine the differences between Measure 1 and 2 on each fitness assessment. In order to assess
differential dropout on the fitness assessments, independent samples t-tests were computed for
age, BMI, adaptive behavior, and feasibility scores between participants who were excluded on
any fitness outcome due to behavioural difficulties and the remainder of the sample. Mean scores
were calculated for each of the child- and participant-rated feasibility questions for each fitness
assessment. Two total feasibility scores, assessor and participant, were also computed for each
fitness assessment by taking the mean score of each of the three questions. All analyses were
completed using SPSS 25 (IBM Corporation, 2017). A sample size of 10 participants was
required to detect an ICC value of .7 with an alpha of .05 and 80% power (Bujang & Baharum,
2017).

Results
Participants (n=14) were predominately (93%) male and demonstrated behavioural

profiles consistent with children on the autism spectrum, scoring on average one standard
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deviation below the mean on adaptive behavior and one standard deviation above the mean on
maladaptive behavior. Demographic characteristics of the sample are presented in Table 1.
Test-retest Reliability

Results from the paired t-tests demonstrated that there were no significant differences (p-
values > .05) between the two measurements on any of the fitness outcomes. The ICC values
indicated that the test-retest reliability ranged from moderate- to- excellent. However, the 95% Cls
of the ICCs of some outcomes were large and suggested reliability may be poorer for select
outcomes. Specifically, the Bruce protocol, M6MWT, and MPST had 95% Cls of their ICCs that
ranged from poor- to- good or poor- to-excellent. In contrast, grip strength (dominant hand), the
sit and reach test, and mean power over 10 seconds on the Wingate had 95% Cls of their ICCs that
ranged from moderate- to- excellent. Lastly, peak power and mean power over 30 seconds on the
Wingate, standing long jump, and grip strength (non-dominant hand) had 95% Cls of their ICCs
that ranged from good- to- excellent. Complete test-retest reliability results are presented in Table
2.

Five participants were excluded from the Bruce protocol analyses for two reasons: not
reaching a peak HR of 180 bpm (n=4) and for refusing to wear the HR monitor (n=1). There were
no differences in age, BMI, adaptive behavior, maladaptive behavior, or feasibility ratings between
those participants who were excluded from the Bruce protocol analyses and the rest of the sample
(all p-values >.05). One participant was excluded from the analyses of mean power over 10 and
30 seconds on the Wingate for stopping pedaling within the first 10 seconds of the test. Four
additional participants were excluded from the analysis of mean power over 30 seconds on the
Wingate as they stopped pedaling in the final 20 seconds of the test. No differences in age, BMI,

adaptive behavior, or maladaptive behavior were present between those participants who were
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excluded from the Wingate analyses and the rest of the sample (all p-values >.05). There was
however a significant difference (t=2.77, p<.05) on assessor-rated feasibility of the Wingate with
those participants who were excluded from the analyses having a lower feasibility score than the
included participants. Lastly, two participants could not complete the sit and reach test so were
excluded from that analysis. The two excluded participants had a lower adaptive behavior score
(t=2.41, p<.05), higher BMI (t=-2.56, p<.05), and lower feasibility score on the sit and reach test
(t=5.00, p<.01) when compared to those participants who were included in the analysis.
Test Feasibility

Only 7 participants completed the child feasibility questionnaire, with the remaining 7
not understanding how to answer using the VAS scale. There were however no differences (all p-
values >.05) in age, BMI, adaptive behavior, maladaptive behavior, or assessor feasibility ratings
between those participants who did (n=7) and did not (n=7) complete the child feasibility
questionnaire. Assessor-rated feasibility scores were, on average, high (>70/100) for all fitness
assessments with grip strength demonstrating the highest feasibility (86.15/100) and the sit and
reach test demonstrating the lowest feasibility (72.31/100). Child-rated feasibility scores were,
on average, high and comparable to the assessor-rated feasibility. The assessment with the
highest child-rated feasibility was standing long jump (82.55/100), whereas the lowest feasibility
rating was on the sit and reach test (66.24/100). Complete results from both the assessor- and
child-rated feasibility questionnaires are presented in Table 3.

Discussion

The purpose of this study was to examine the test-retest reliability and feasibility of lab-

and field-based fitness assessments in school-aged children on the autism spectrum. The results

demonstrate moderate to excellent test-retest reliability suggesting some tests are clearly better
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than others when it comes to this aspect of measurement. Specifically, the Wingate anaerobic
cycling test, standing long jump, grip strength, and sit and reach test all demonstrated good to
excellent reliability, with 95% confidence intervals in the moderate to excellent range. In
contrast, the Bruce protocol, M6MWT, and MPST demonstrated moderate to good reliability;
however, the large confidence intervals on those tests suggest that caution should be used when
interpreting their test-retest reliability. These results generally align with a recent systematic
review of the feasibility and reliability of fitness tests for children and youth with intellectual
disabilities, where moderate reliability was demonstrated for measures of muscular strength but,
evidence of the reliability of fixed time walking tests and shuttle run tests were limited (Wouters,
Evenhuis, et al., 2017).

There are a number of factors that may contribute to the poorer reliability seen on the
M6MWT and MPST. For example, both tests rely on a high degree of self-regulation to stay on
task and motivation to complete the activity. These tests may also be more prone to distractions
by the participants as they occur in an open space in contrast to the more fixed or constrained
environments of the Wingate, standing long jump, grip strength, and sit and reach tests. Children
on the autism spectrum also lack proficiency in motor coordination (Fournier et al., 2010),
exhibit challenges with inhibition and attention (Hill, 2004), and may have difficulties with task
understanding (Breslin & Liu, 2015; National Research Council, 2001); all of which may help to
explain differences in reliability on the various fitness assessments. For example, it may be easier
for children on the autism spectrum to complete a cycling test than a running or walking test due
to difficulties with maintaining a proficient gait (Fournier et al., 2010). Likewise, tests that are

shorter in duration or require only a single instruction (e.g., Wingate, grip strength) may be more
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suitable to the attention and task understanding abilities of children on the autism spectrum than
longer (e.g., M6MWT) or multi-step (e.g. MPST) assessments.

The role of motivation and encouragement should also be further explored in the
completion of fitness assessments for children on the autism spectrum. For example, the current
study provided encouragement (e.g. “good work”, “keep going”) to participants at set intervals
during the M6MWT, as well as throughout each of the other tests; however, the direct impact of
this encouragement was not measured. One recent study found better performance on the 6MWT
in 6-12 year old children with typical development when encouragement was provided (Morales
Mestre, Audag, Caty, & Reychler, 2018), yet the effect for children on the autism spectrum is
unknown. While the provision of encouragement during each test likely helped to improve the
participants’ performance, it is important to note that from a feasibility perspective, providing
encouragement was often necessary in order for the assessments to be completed. Moreover,
encouragement was similar across participants and assessments.

There are no established thresholds for interpreting the results of the feasibility
questionnaire; however, scores closer to 100 represent a higher degree of feasibility. Moreover,
the feasibility questionnaire used in this study was based on that used by Verschuren (2007), who
interpreted their mean feasibility scores ranging from 8.8 to 9.2 out of 10 (comparable to 88 to
92 out of 100 on our scores) as being “very high” feasibility. Considering this interpretation, our
results would suggest that all tests in the current study are feasible to implement from the
assessor’s perspective. The participant feasibility results are more challenging to interpret as only
half of the children were able to respond to the questions. However, those children who did
respond reported a high degree of perceived effort on all tests and overall feasibility ratings that

appeared acceptable. Standing long jump, grip strength, and the Wingate had the highest child-
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rated total feasibility scores, which when paired with the high reliability coefficients on these
assessments further speaks to their acceptable use in this population.

A limitation of the current study is that assessments were performed over 4 days (two
days for each of the initial and reliability assessments). However, given the attention and
behavioral profiles of children on the autism spectrum we deemed it necessary to split the
assessments into multiple sessions; we further randomized the assessment order to limit any
fatigue or motivational effects over the course of the appointments. Second, our test-retest
window for the reliability assessments ranged from two to four weeks, which is longer than the
more commonly used one- to two-week window employed for many reliability studies of fitness
tests (Artero et al., 2011). Given the nature of the study design and family burden of completing
six study appointments, some families could not complete weekly appointments and thus it was
necessary for their reliability appointments to be outside of the two-week window. We would not
however expect the participants’ fitness to change over a two to four- week period due to growth
or maturation, and no participants were involved in physiotherapy or other training programs to
improve their fitness during the duration of the study. Third, it is possible that the low level of
reliability found on the M6MWT was due to the modification of the test to a 15-metre corridor as
opposed to the usual 30-metre distance. This modification may have increased participant fatigue
due to the increased number of turns. As such, it may be beneficial for future research to explore
the test-retest reliability of the original 6GMWT for this population. Fourth, this study included a
smaller sample of participants than is often included in the study of the reliability of fitness
assessments [e.g., N=37 in Wouters et al. (2017) study of children with moderate to severe
intellectual disabilities]. We were, however, adequately powered to detect ICC values of .70 and

higher (Bujang & Baharum, 2017). Further, the fact that we found ICC values in the good- to-
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excellent range with small confidence intervals for some outcomes suggests that our sample size
was sufficient to detect meaningful results. Finally, our sample only included one female, which
means that generalizability to both sexes may be limited. However, given our smaller sample and
lack of basis to exclude participants based on sex in this study, we opted to include the single
female in our analyses. Future work should aim to further explore the reliability and feasibility of
fitness testing for children on the autism spectrum, with a particular focus on increasing number
of female participants in this work.

Establishing the reliability and feasibility of fitness assessments for school-aged
children on the autism spectrum is an important step in being able to accurately measure, track,
and intervene on the fitness of this population. While previous research has suggested that
children on the autism spectrum exhibit low fitness levels (Borremans et al., 2010; Pan, 2014;
Tyler et al., 2014), the reliability of the assessments used had not previously been established.
Based on our findings, we recommend the use of the Wingate anaerobic cycling test, standing
long jump, grip strength, and sit and reach test to examine the fitness of 7-12 year old children on
the autism spectrum. In contrast, the Bruce protocol, M6MWT, and MPST only demonstrate
moderate test-retest reliability in this population. Despite differences in reliability, it appears that
all tests can be implemented with adequate levels of feasibility. We advise that researchers and
clinicians take these findings into account when selecting fitness assessments for use with
school-aged children on the autism spectrum, particularly when assessing changes in fitness over
time or following intervention. Moreover, future research should explore the reliability and
feasibility of other aerobic fitness assessments (e.g., PACER, intermittent treadmill tests), in

addition to other measurement properties, for use in this population.
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Appointments 1-2
Appointment 1: Familiarization to testing environment, assessors, and equipment
Appointment 2- Assessment of demographic information_ adaptive behaviour, motor competence, height and
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Testing order of the seven fitness assessments randomized on an individual basis
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Appointments 3-4
Appointment 3: First four fitness assessments (order dependent on randomization)
Appointment 4: Eemaining three fitness assessments (order dependent on randomization)
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Appointment 6: Beplication of Appointment 4
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Analyzed in larger study (n = 27) Analyvzed for reliability study (n = 14)

Figure 1. Flow diagram of study design.
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Table 1. Participant demographic characteristics (n=14).

Demographic Variable Statistic
Mean (SD)
Age (years) 9.5(1.7)

VABS-2 Standard and v-scale Scores

Adaptive Behavior Composite 81.2 (13.1)

Internalizing Behavior 20.3 (1.7)

Externalizing Behavior 18.4 (2.4)

Maladaptive Behavior 20.1 (1.8)

BMI 18.8 (4.1)
N (%)

BMI Category

Underweight 1 (7%)
Normal weight 7 (50%)
Overweight/Obese 6 (43%)
Ethnicity
Caucasian 10 (71%)
Other 4 (29%)

VABS-2: Vineland Adaptive Behavior Scales, 2" Edition; BMI: Body Mass Index.
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Table 2. Test-retest reliability of each fitness assessment.

Fitness Outcome Participants  Measure 1 Measure 2  p-value  Effect ICC 95% CI
mean (SD) mean (SD) Size (d)
Bruce Protocol
Time to exhaustion (s) 9 601.9 (132.2) 638.1(158.9) 250 0.41 811  .406-.953
Peak HR (bpm) 9 194.4 (6.1) 196.3 (4.0) 237 0.43 618 .038-.896
M6MWT
Distance (m) 14 474.8 (88.2) 441.4(98.2) 193 0.37 510 .030-.807
Wingate
Peak Power (W) 14 229.9 (79.4) 242.3(84.2)  .052 057  .956 .845-.986
Mean Power 30sec (W) 9 142.8 (49.5) 137.3 (58.7) 399 0.30 943  .783-.987
Mean Power 10sec (W) 13 175.4 (68.5) 185.6 (74.0) .356 0.27 855 .605-.953
MPST
Peak Power (W) 14 95.0 (50.9)  99.1 (51.5) 751 0.09 595 .101-.851
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Distance (cm)
Grip Strength
Dominant hand (kg)
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Sit and Reach

Distance (cm)
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14

14

14

14

12

74.3 (39.7)

105.5 (32.9)

11.0 (2.9)

11.2 (2.9)

18.5 (5.8)

75.9 (36.8)

107.4 (32.1)

11.1 (3.5)

11.1 3.7)

19.2 (5.8)

.845

592

154

197

D17

0.05

0.15

0.09

0.07

0.19

.703

925

871

913

.829

.284-.895

.787-.975

.646-.957

.152-971

.518-.947

HR: Heart Rate; M6MWT: Modified Six-Minute Walk Test; MPST: Muscle Power Sprint Test.
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Table 3. Assessor- and child-rated feasibility of each fitness assessment.

Bruce M6MWT Wingate MPST Long Grip Sitand
Protocol Mean (SD) Mean (SD) Mean (SD) Jump Strength Reach
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Assessor-rated
Ease of 76.29 82.64 85.00 82.89 83.96 88.82 70.96
Administration (21.71) (17.59) (10.02) (17.75) (21.36) (13.73) (29.67)
Participant 79.36 83.18 83.75 83.71 85.61 86.64 74.25
Understanding (17.04) (18.69) (11.85) (16.97) (22.10) (17.24) (25.18)
Participant 83.61 71.18 77.64 74.07 82.11 83.00 71.71
Performance (14.44) (22.80) (17.12) (24.68) (22.30) (17.15) (25.65)
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Total Score 79.75 79.00 82.13 80.23 83.89 86.15 72.31

(16.89) (18.92) (11.23) (18.50) (21.65) (15.63) (26.49)

Child-rated (n=7)

Ease of Task 45.86 54.07 51.07 55.07 69.14 81.29 58.00
(37.36 (35.51) (36.71) (34.83) (33.01) (23.97) (30.31)
Task Enjoyment 76.43 68.57 82.50 68.57 88.21 65.93 59.64

(30.11) (22.26) (15.23) (22.26) (15.87) (39.84) (24.28)

Perceived Effort 86.14 86.86 88.64 88.00 90.29 92.57 81.07
(22.9) (21.71) (12.43) (16.43) (12.22) (8.98) (19.38)
Total Score 69.48 69.79 74.07 70.55 82.55 79.93 66.24

(26.92) (20.48) (16.94) (13.60) (14.99) (17.70) (17.07)

M6MWT: Modified Six-Minute Walk Test; MPST: Muscle Power Sprint Test.

64



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

CHAPTER 3: The interrelationship between motor coordination and

adaptive behavior in children with autism spectrum disorder
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Preamble

The interrelationship between motor coordination and adaptive behavior in
children with autism spectrum disorder is the second study in the dissertation.
The study examines the relationship between motor coordination and adaptive
behaviour in a sample of 7-12 year old children with ASD.

The following manuscript is published in Frontiers in Psychology. The published
version of the manuscript is included in the dissertation.

The copyright for this manuscript is retained by the authors, as per the Frontiers
Terms and Conditions. All Frontiers articles are Open Access and distributed
under the terms of the Creative Commons Attribution Licence (Appendix A),
which permits the use, distribution, and reproduction of material from published
articles provided the original authors and source are credited.

Contribution of Study 2 to overall dissertation:

Study 2 provides evidence of a positive association between motor coordination
and adaptive behaviour in children with ASD. These findings underscore the need
to consider the role of motor competence for participation in daily activities for
this population. Overall, study 2 provides support for the motor competence —
adaptive behaviour pathway proposed in the Interdisciplinary Framework
presented in Chapter 1.
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Objective: Children with autism spectrum disorder {(ASD) experience  significant
challenges with their motor coordination. It is not, however, well understood how motor
coordination may impact the behavioral functioning of children with ASD. Therefore the
purpose of this study was 1o explore the relationships between motor coordination and
adaptive behavior in 7-12-year-old children with ASD.

Methods: Motor coordination was assessed using the Movement Assessment Battery
for Children, 2nd Edition (MABC-2) and adaptive behavior was assessed by parental
report using the Vineland Adaplive Behavior Scales, 2nd Edition (VABS-2) as part of a
larger cross-sectional study, Descriptive characteristics were calculated for MABC-2 and
VABS-2 scores and Spearman's rank order correlation analyses were used to examine
the relationship between motor coordination and adapltive behavior.

Results: On average, the participants (i1 = 26) exhibited significant challenges in regard
to their motor coordination with all but two participants classified as having significant
motor impairments by scoring at or below the 16th percentile on the MABCG-2, Results
from the correlation analyses indicated that manual dexterity was positively related to
dally living skills {p = 0.58, p < 0.003), and overall motor coordination was positively
related to daily living skills (p = 0.60, p < 0.008) and overall adaptive behavior (p = 0.57,
p < 0.003}. In all instances, belter motor coordination was related to more adaptive
behaviors.

Conclusion: These results highlight the profound motor coordination challenges that
children with ASD experience and also suggest that these challenges, particularly
with manual dexterity, are related to the daily behavior of children with ASD. The
interrelatedness of motor and adaptive behavior suggests the need to further explore the
impact of motor-based interventions for this population, as well as conduct longitudinal
studies to disentangle these relationships.

motor disabili
daily living skills

middle childhood, devel 1
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INTRODUCTION

Autism spectrum  disorder (ASD) is a neurodevelopmental
disorder defined by challenges in communication, social
skills, and the presence of restricted and repetitive behaviors
(American Psychiatric Association, 2013). Children with ASD
are heterogeneous in their abilities and difficulties, with varying
levels of symptom severity, behavioral profiles, and relative level
of functioning for each individual child with ASD (Geschwind,
2009; Wiggins et al., 2012 Georgiades et al., 2013a,b). Adaptive
behavior is a common term used to describe and classify the
degree to which an individual performs daily activities for
social and personal sufficiency and for school-aged children this
can include tasks such as household chores, completing school
projects, and getting along with peers (Sparrow et al., 2005).
Children with ASD are most commonly described as having
adaptive behavior profiles with relative strengths in daily living
skills, but with weaknesses in socialization and communication
(Kanne et al., 2011). Adaptive behavior is consistently associated
with positive outcome in individuals with ASD, regardless of
symptom severity (Kanne et al., 2011), further emphasizing the
importance of adaptive behavior in enabling individuals with
ASD to reach a level of independence needed for personal and
social sufficiency.

One area of development that is often ignored when
intervening on the adaptive behavior of school-aged children
with ASD is their motor coordination. Motor coordination
is the organization of one’s body parts to create both gross
and fine movements (Payne and lsaacs, 2011; Haywood and
Getchell, 2014). Motor coordination is involved in virtually
all aspects of daily living including, fine motor tasks like
dressing, feeding, and writing and gross motor tasks including
locomotion and active play. Beyond basic motor tasks, motor
coordination is inherently linked to social communicative skills
through gesturing, imitation, and joint attention (Schmidt
et al., 2011); skills that are typically a challenge for children
with ASD. Motor delays are present early on for toddlers
with ASD and this delay may become more pronounced
with age (Lloyd et al., 2013). Importantly, these motor delays
are not limited to infants and toddlers, but persist through
childhood into adulthood (Ozonoff et al., 2008; Fournier et al.,
20105 Bhat et al., 2011). For example, the most recent meta-
analysis of 51 studies showed that individuals with ASD had
significantly poorer motor coordination across a range of
domains (e.g. balance, posture, gait, reaction time, aiming)
when compared to typically developing peers (Fournier et al.,
2010).

Until relatively recently, motor coordination problems in
children, characteristic of a disorder known as developmental
coordination disorder (DCD) (Cairney, 2015), was considered
a separate, non-overlapping, condition from ASD. Indeed, in
the case of DCD, until the 5th edition of the Diagnostic and
Statistical Manual of Mental Disorders (American Psychiatric
Association, 2013), children who met diagnostic criteria for
ASD were excluded altogether from a diagnosis of DCD.
This reflects a pervasive underlying concern about evaluating
a childs motor ability independent of their cognitive ability.

Since communicative disorders are an inherent feature of ASD
(American Psychiatric Association, 2013), poor performance
on motor tasks may be related to failure to comprehend or
comply with verbal instructions, rather than reflecting a true
deficit in motor ability. At the same time, it has been observed
clinically for some time that children with neurodevelopmental
disorders such as ADHD/ADD or ASD, typically present with
motor impairments (Cairney and King-Dowling, 2016). Evidence
from a recent systematic review suggests that behaviorally DCD
and ASD are separate, but possibly co-occurring, conditions
with differences in many behavioral domains (Cagola et al.,
2017); however, these findings are limited by the lack of
studies reporting on children with co-occurring diagnoses of
ASD and DCD. Indeed, the removal of ASD as an exclusion
from DCD has opened the door for more serious inguiry
into co-occurring, motor, cognitive, communicative and social
impairments in children who present with neurodevelopmental
disorders such as ASD. Examination of these co-occurring
conditions helps us to better understand the heterogeneity of
ASD, while also providing opportunities to discern appropriate
treatment strategies for different subgroups of the spectrum. This
is important given the range of behavioral profiles exhibited
by children with ASD, along with the notion that co-occurring
conditions may actually be the most prominent difficulties
in the daily life of a child with ASD (Gillberg and Fernell,
2014).

Despite the evidence that motor impairments are common in
children with ASD, there is still relatively little evidence on how
these delays may be related to the core deficits of the disorder
and the ensuing implications on their adaptive behavior. Previous
research has demonstrated that significant relationships exist
between motor development, social skills, and communication
in infants developing both typically and atypically ( Leonard and
Hill, 2014). However, the importance of these relationships is
often neglected beyond the developmental period in children
with ASD. Existing research in school-aged children islimited but
suggests that fundamental movement skills (i.e., the foundational
skills needed for participation in physical activity) are related to
social communicative skills in this population (MacDonald et al.,
2013). The relationships between fundamental movement skills
and social skills inherently make sense for children with ASD:
proficient movement skills are necessary to engage in active play,
which in turn is a very important social activity for children. The
current literature is limited in that it has yet to explore whether
motor coordination, including both gross and fine motor skill, is
related to outcomes beyond just social communicative skills in
children with ASD, which may have important implications for
independence and positive outcomes. Thus, the purpose of this
study is to examine the relationship between motor coordination
and adaptive behavior in school-aged children with ASD.

MATERIALS AND METHODS
Design and Procedure

A cross-sectional design was employed to assess the relationship
between motor coordination and adaptive behavior in
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7-12-year-old children with ASD. The study consisted of
one appointment, which represented the second visit in a larger
study of the physical health of children with ASD. The first study
appointment was a lab familiarization session for the participant
and their parent; no data collection occurred at this appointment.
Participants were recruited on an on-going basis and assessments
took place in a university research lab between March 2016 and
December 2017. All assessments were conducted by a graduate
research assistant with formal training in the assessment of
motor development and coordination in children with ASD.
Ethical approval for the study was provided by the university’s
Institutional Research Ethics Board. Informed written consent
was obtained from the participants’ parent or guardian at the
first study appointment and participants 8 years of age and older
provided informed written assent prior to their participation.

Participants

A convenience sample of participants were recruited through
advertisements at local community centers, in addition to a
recruitment mail out to families of children with ASD on a
waitlist for government-funded applied behavior analysis services
in the geographic region of the study. Children were eligible to
participate if they were between the ages of 7 years, 0 months,
to 12 years, 11 months with confirmation of their ASD diagnosis
provided by their parent or guardian. In Ontario, Canada, where
this study took place, a diagnosis of ASD can be made by a
family physician, pediatrician, psychiatrist, psychologist, or a
psychological associate.

Measures

Demographic and Medical History

The participants’ diagnostic and treatment history was reported
by parental completion of a supplemental information form. This
form asked parents to answer basic demographic questions, state
when (and by whom) their child was diagnosed, and asked a
range of questions regarding their childs motor and behavioral
treatment history.

Motor Coordination

Children were administered the Movement Assessment Battery
for Children-2 (MABC-2) by a trained research assistant, which
is an individually administered standardized test used to identify
motor impairment in children aged 3-16 years (Henderson
et al, 2007). The MABC-2 consists of eight motor tasks
grouped under three domains: manual dexterity; aiming &
catching; and balance. Domain and total test scores for the
assessment are converted into age-normed percentile scores,
with a score below the 16th percentile indicating the presence
of significant motor impairments. Test re-test reliability and
tandard error of measu for the total test scores have
been reported to be 0.80 and 1.34, respectively (Henderson et al.,
2007).

Adaptive Behavior

Parents completed the Vineland Adaptive Behavior Scales-2
(VABS-2) Parent/Caregiver Rating Form (Sparrow et al., 2005).
The VABS-2 assesses adaptive behavior in the following domains:

communication, daily living skills, socialization, and maladaptive
behavior, and helps to provide a broad overview of each
child’s level of functioning. Standard scores are reported for the
domains of communication, daily living skills, and socialization,
in addition to the adaptive behavior composite. VABS-2 standard
scores range from 20 to 160, have a mean of 100, and a standard
deviation of 15. Maladaptive behaviors are reported for the
domains of exter and inter g in addition to a
composite maladaptive behavior index, Each of the maladaptive
behavior scores are reported as v-scale scores, which range from
1-24 with a mean of 15, and a standard deviation of 3. Internal-
consistency reliabilities of the domain and composite scores of
the VABS-2 range from (.80 to 0.97 and the test-retest reliability
correlations range from 0.75 to 0.93 for 7-12-year-old children
(Sparrow et al., 2005).

Statistical Analyses

Descriptive statistics (mean, standard deviations) were calculated
for demographic and diagnostic variables, along with domain and
total scores for the MABC-2 and VABS-2. Tests of normality
revealed that the MABC-2 scores were not normally distributed,
therefore nonparametric analyses were employed. Spearman’s
rank order correlations were used to examine the relationships
between MABC-2 and VABS-2 domain and total scores. Given
the multiple correlations being tested, a Bonferroni-adjusted
p-value of 0.003 (0.05/16) was used as the threshold for statistical
significance. All analyses were conducted using SPSS 25 (IEM
Corporation, 2017).

RESULTS

Demographic and diagnostic characteristics of the sample
(n = 26) are presented in Table 1. On average, the participants’
exhibited impaired motor coordination with an average MABC
2 total test percentile score in the 6th percentile. In other words,
participants in this sample were scoring, on average, better
than only 6% of their age- and sex-matched peers. Moreover,
all but two participants were classified as having significant
motor impairments by scoring at or below the 16th percentile
on the MABC-2 (Table 2). As anticipated, the participants’
also exhibited challenges with their adaptive behavior. For
example, the VABS-2 adaptive behavior composite score was,
on average, almost two standard deviations below what would
be expected for the participants” age. Likewise, on average, the
maladaptive behavior scores ranged from one to almost two
standard deviations above what would be expected for the
participants’ age, indicating an increased level of maladaptive
behavior (Table 2).

Results from the correlation analyses (Table 3) indicate that
the manual dexterity domain of the MABC-2 was significantly
correlated with the VABS-2 daily living skill domain. Further,
the MABC-2 total test score was significantly correlated with
the VABS-2 daily living skill domain and the adaptive behavior
composite: in all cases, children who performed better on the
motor tasks had more adaptive behaviors in these domains. No
other significant correlations were present.
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Metor and Ads

TABLE 1| Descriptive characteristics of the sampls [0 = 26)

TABLE 2 | Motor cocrdination and adaplive behavior soores,

Variable Statistics
Mean (SD)
Age (ysars) 9917
Age at diagricss 606 282)
[rmanths)
N (%)
Sex (rmale, fernals) 25 rale, 3 fermale
Ethinicity
Caucasian 19(73)
Othar 7(27)
Diagnesis provider
Pediatrician 15 58)
Paychiatrist anzg
Peychologist 727
Psychological associate 183
Prenviously received
tragtment
Behavioral (ABA or 1B]) 19(78)
Spsach-Language 19(73)
Meter (PT or ©T) 15 (58}
Cumently receiing
treatrnent
Behaviorsl [ABA or IE]) 1038)
Speech-languags 4(15)
Meter [PT or OT) &31)
Murnibsar af
Co-Eaaurng
diagnoses
i 14 (53.8)
1 311.5)
2 6{23.17)
a 1(3.8)
4 2(7.7)
Type o
co-copITing
diggnoses
ADDVADHD G348
Developrmental cocrdination dscrder 277
Develcpmental delay B{231)
Giftedness 1(3.8
Intellectial disshility 2(7.7)
Learring disability F(11.8)
Selective mutism 1(3.8
Touratte syridrame 277
ABA, Appled Behavior Anabsis; 18], tensive Behavioal Intervantion; FT,
itherspy; OT, Cee | Therspy; ADD/ADHD, Atention Deficit
o fon Dafici f Disorder.
DISCUSSION

The results of this study confirm the presence of significant delays
in motor coordination and adaptive behavior experienced by
school-aged children with ASD and add fo our understanding
of how these behavioral domains are related to one another,
Specifically, we found that manual dexterity, or fine motor

Variable Mean (SD)
MABC-2 percertils
SO0CES
Manual dexterity 2858
Arning & cstching 16.4 27.4)
Balance 125 @22.2)
Total test 63(139)
WABS-2 adeptive
behavior standard
soores
Comrmunication TO.E(18.2)
Dty fving skifs: 83.8(16.4)
Socialzation o149
Adaptive behavier composite 789 (13.4)
ABS-2
rmaladaptive
behavior v-soale
200085
Internalizing 2052.2)
Externalizing 18.4 (2.4)
Maladaptive behaviar index 201 (1.9)

MABC-2, Movament Asssssment Beltary for Children, 2nd Edifion; WABS-Z,
Vinaland Adaptive Bahavicr Scalas, 2od Edition.

TABLE 3 | Spearrnan's rank order coralations betwesn MABC-2 and VABS-2
socres

VAES-2 MABC-2
Manual Aiming & Balance Total score

dexterity catehing
Corrmunication 0.34 0.3 044 0.42
Daily fving skills 058 0.29 047 0,604
Sodialzation 0.34 o7 024 0.45
Adaptive 0.53 0.25 045 osr
behaviar
COMposite

*Carrslation significant &t p < 0.003. MABC-2, Movernant Assassrmant Bathery for
Chiidran, 2nd Edition; VARS-2, Vinsland Adaptive Behavior Scalss, 2nd Edition

coordination, is strongly related to better functioning in daily
living skills and better overall motor coordination was related
to better daily living skills and overall adaptive behavior.
These findings support previous work that has found positive
associations between fundamental movement skills and social
communicative skills (MacDonald et al, 2013), and better
manual dexterity and overall motor coordination related to less
social impairment in children with ASD (Hirmta et al., 2014).
However, the importance of manual dexterity for daily living
skills and more generalized adaptive behavior was previously
underexplored in school-aged children with ASD.

Motor development is so closely entwined with a childs
adaptive behavior that fine and gross motor skills are included
in the VABS-2 up until the age of & years (Sparrow et al,
2005). Tt is clear however, that the motor domain does not
cease to influence adaptive behavior beyond the developmental
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period, and in fact it may be even more important for school-
aged children with ASD as they also exhibit significant motor
delays. Hirata et al. (2014) postulate several potential mechanisms
linking motor coordination to other areas of behavior and
function (specifically social impairments). First, the association
may reflect an underlying neurocognitive deficit affecting regions
of the brain that govern both motor control, social behavior and
cognitive function. Indeed, in the area of DCD, researchers have
postulated a pervasive, minimal brain dysfunction as a possible
mechanism to explain the high rates of co-morbidity in children
with motor coordination problems, particularly in relation to
attention and executive functioning (Kaplan et al., 1998; Dewey
et al., 2002). The correlation observed here may simply reflect a
general disruption in brain function that affects multiple domains
simultaneously. For example, both functional and anatomical
disturbances in neural connectivity have been implicated in the
behavioral characteristics of individuals with ASD (Belmonte,
2004; Schipul et al, 2011), with abnormal cerebellar activity
being one common indicator of dysfunction (Belmonte, 2004;
Mostofsky et al., 2009). The cerebellum plays an important role
in motor development and coordination, and increasing focus is
being placed on the interrelationships between the cerebellum
and brain regions responsible for cognitive tasks, such as the
prefrontal cortex (Diamond, 2000, 2007; Leisman et al., 2016).
One could therefore expect that cerebellar dysfunction is not only
implicated in the motor impairments associated with ASD but,
also in the cognitive and executive dysfunctions associated with
the disorder. Moreover, the cerebellum is also responsible for
automatization processes, or the ability to complete a task with
little conscious attention. The automatization deficit hypothesis,
wherein individuals have difficulty automatizing their motor and
cognitive behaviors, was initially used as a paradigm for children
with developmental dyslexia (Fawcett and Nicolson, 1992), but
has more recently been applied to children with DCD (Visser,
2003; Schott et al., 2016). These authors speculate that challenges
in automatization resulting from cerebellar dysfunction are part
of the neuropathology of DCD and provide rationale for the
frequency of co-occurring developmental concerns in areas such
as attention and learning (Visser, 2003). It is likely then, that
an automatization deficit may also help to explain the motor
impairments experienced by children with ASD, in addition to
the co-occurrence of social and attentional difficulties.

Another explanation concerns the relationship between
manual dexterity specifically and other domains of function
(Hirata et al,, 2014). It seems reasonable that a child who
performs better in manual tasks will also score higher on self-
care behaviors and other aspects of daily living, given the
importance of these motoric skills for everyday tasks (eg.
combing hair, dressing, eating). With regard to communication,
manual dexterity is important for school-based activities
(printing, art work), so children with better skills in this
domain may also have greater opportunity for developing
interpersonal and communicative skills, interacting with teachers
and other peers. Of course, it will be necessary to track the
longitudinal development of both manual dexterity and adaptive
behaviors in children with ASD to untangle possible causal
linkages.

It is also important to consider the heterogeneity in ASD
and how this may affect movement skill. Previous research
has shown mixed results when it comes, for example, to
the association between manual dexterity, vs. other domains
of motor coordination, and other developmental outcomes
(MacDonald et al, 2013; Hirata et al, 2014). Hirata et al
(2014} hypothesize that this in turn may be related to social
and/or cultural factors. For example, in some countries, focusing
on the development of manual skills through practice may
be considered more important by parents than other skills.
It is also plausible that the mixed results seen in previous
research is simply due to the heterogeneity of the disorder
itself. ASD is complex, characterized by behavior, and is often
accompanied by co-occurring diagnoses (Gillberg and Fernell,
2014). It is therefore likely that the motor domain will have a
varying impact, behaviorally, on children with ASD depending
on the remainder of their needs and attributes. Interestingly,
we found much greater variability in the motor scores of our
participants than in the adaptive behavior scores. This may
be reflective of a larger variability in motor functioning across
children with ASD, compared to the generally pervasive deficits
in adaptive behavior, or may be an artifact of the measures
used. For example, the motor coordination test was a direct
assessment, however, adaptive behavior was parent-reported. We
generally expect to see greater variability in direct assessments
as they are dependent on the childs performance that day, their
understanding of how to perform the tasks, and their behavior. In
contrast, parents are rating their child’s adaptive behavior based
on multiple experiences over time, thus providing a more stable
rating that is reflective of on-going challenges in the behavioral
domain. Regardless, the variability in motor functioning of
individuals with ASD, and how it relates to different behavioral
domains, is an important area of inquiry in need of further
research.

Future research should continue to disentangle the positive
relationship between motor coordination and adaptive behavior
found in this study, particularly given the importance of adaptive
behavior for obtaining positive outcomes in children with ASD
(Kanne et al, 2011). We also propose that the efficacy of
motor-based interventions for improving adaptive behavior in
this population be explored. Traditional behavioral and social-
communicative interventions for children with ASD are often
time-intensive and expensive, particularly when implemented
in a community or private setting (Chasson et al., 2007). In
contrast, school-based interventions may be optimal for many
children with ASD as they may provide greater ecological validity;
however, limited effects have been shown (Bellini et al., 2007).
School-based motor skill interventions may have the potential
to improve areas of functioning beyond just the motor domain.
However, it is likely that the impact of motor interventions will
have a varying effect across behavioral profiles of ASD. Research
into the design, delivery, and outcomes of such interventions
is warranted, along with an examination of the behavioral
characterization of responders and non-responders to this type
of intervention.

Limitations of the current study include the small sample,
which limits our ability to conduct more sophisticated statistical
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analyses. Another limitation is that the VABS-2 is parent-
reported; ideally, we would have both subjective and objective
measures of the participants” adaptive behaviors. Further, we
are limited by our lack of measure of 1Q, which may influence
the relationship between the MABC-2 and VABS-2 found in
our study. Lastly, the cross-sectional design of this study does
not allow us to infer causation or disentangle the relationships
between motor coordination and adaptive behavior. Future
studies on this topic should employ prospective longitudinal
designs and include a heterogeneous sample of participants
with ASD. Strengths of the design include administration of
a standardized test of motor coordination, which is also the
criterion measure used to assess for DCD and other motor
impairments. The multiple domains of the MABC-2 allowed us
to examine interrelationships across subdomains of both motor
and adaptive behaviors.

CONCLUSION

The results of this study highlight the profound challenges
with motor coordination and adaptive behavior experienced by
school-aged children with ASD, and suggest that these challenges
are interrelated. It is possible that the interrelatedness of these
domains is due to the broader neurocognitive deficits present
in children with ASD, however, longitudinal neuroimaging and
behavioral studies are needed to disentangle these relationships.
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CHAPTER 4: The influence of adaptive behavior on the pathways
connecting motor competence and health-related fitness in children with

autism spectrum disorder
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Preamble

The influence of adaptive behavior on the pathways connecting motor
competence and health-related fitness in children with autism spectrum
disorder is the third study in the dissertation. The study examines the associations
between motor competence, physical activity, and health-related fitness by
mapping on to a common model of motor competence for children with typical
development. Further, this study proposes a novel modification to this model,
wherein adaptive behaviour moderates the relationships between motor
competence and physical activity and health-related fitness, respectively.

The manuscript is currently under review for publication in the Journal of Autism
and Developmental Disabilities. The word document version of the manuscript
(formatted according to the Journal of Autism and Developmental Disabilities
author guidelines) is included in the dissertation.

The copyright for this manuscript is currently held by the authors.

Contribution of Study 3 to the overall dissertation

Study 3 found a positive association between motor competence and health-
related fitness, with adaptive behaviour moderating this relationship in children
with ASD. However, no significant associations with physical activity were
present. These findings emphasize the importance of the relationship between
motor competence and adaptive behaviour for the physical health of this
population. Further, they underscore the need to explore the role of physical
activity for other areas of functioning in children with ASD. Overall, study 3
provides support for two of the pathways (motor competence — health-related
fitness and motor competence — adaptive behaviour) proposed in the
Interdisciplinary Framework presented in Chapter 1.
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Abstract

The purpose of this study was to examine the pathways connecting motor
competence, physical activity, and health-related fitness, in addition to the
influence of adaptive behavior on these pathways, in a sample of 7-12 year old
children with ASD (n=27). Results indicated that motor competence and health-
related fitness were positively related (r=.420, p<.05); however, no other
significant pathways were present. Moreover, the relationship between motor
competence and health-related fitness was moderated by adaptive behavior,
wherein the significant relationship was only present for those participants scoring
approximately one standard deviation below the mean on adaptive behavior.

Implications of these associations and directions for future research are discussed.
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The development of proficient motor skills has important implications for
the physical and mental health of children and youth (Lubans, Morgan, CIiff,
Barnett, & Okely, 2010). For example, motor skills are positively associated with
participation in physical activity, physical fitness, perceived competence, a
healthy body composition, and mental health outcomes (Lubans et al., 2010). In
2008, Stodden and colleagues proposed a developmental model of motor skill
wherein proficient motor skills led to a positive spiral of engagement in physical
activity (Stodden et al., 2008). This model was recently updated to reflect the
current state of the evidence regarding the strength of the proposed associations
(Robinson et al., 2015). The updated model provides extensive evidence for a
positive relationship between motor competence and physical activity, and
between motor competence and health-related fitness. There is also extensive
evidence of an inverse relationship between motor competence and weight status
(Robinson et al., 2015), in addition to a positive relationship between perceived
motor competence and physical activity and fitness, respectively. Lastly, the
authors propose, albeit without extensive testing, that the relationship between
motor competence and physical activity is mediated by health-related fitness
(Robinson et al., 2015). Taken together, the evidence for the updated model
suggests that intervening in the motor domain will have a positive influence on

each of the other variables in the model.
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While this model has been very influential in the study of children and
youth with typical development, the application of this model to clinical
populations, such as children with neurodevelopmental disorders, has been limited
(King-Dowling, Rodriguez, Missiuna, Timmons, & Cairney, 2018).
Neurodevelopmental disorders include autism spectrum disorder (ASD),
developmental coordination disorder (DCD), and attention deficit hyperactivity
disorder (ADHD), among others (American Psychiatric Association, 2013). Many
of these disorders are either associated with, or characterized by, poor motor
performance (American Psychiatric Association, 2013; Cairney, 2015; Fournier,
Hass, Naik, Lodha, & Cauraugh, 2010; Kaiser, Schoemaker, Albaret, & Geuze,
2015). For example, in the case of DCD, the diagnosis is provided to individuals
who experience deficits in motor skill that significantly and persistently interfere
with activities of daily living; the onset of these deficits must appear in the early
developmental period and cannot be better explained by an intellectual disability,
visual impairment, or neurological condition (American Psychiatric Association,
2013). In the case of ADHD, a disorder not defined by motor deficits, we also see
pervasive delays in gross and fine motor skill when compared to typically
developing peers (Kaiser et al., 2015). Moreover, many researchers estimate that
upwards of 50% of children with ADHD could also be classified as DCD (Kaiser
et al., 2015). Research in the area of DCD does support some of the predictions in

the developmental model of motor skill. For example, DCD is associated with low
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levels of physical activity and physical fitness (Rivilis et al., 2011), with
significant discrepancies in fitness between children with DCD and typical
development appearing as young as preschool (King-Dowling et al., 2018).
Moreover, children with DCD have lower self-perceptions (Cairney, 2015) and
have been found to have a higher body mass index (BMI) and waist
circumference than their typically developing peers (Cairney et al., 2010). Taken
together, research into DCD provides support for much of the developmental
model of motor skill, wherein low motor competence is related to lower levels of
perceived competence, physical activity and fitness, and higher weight status in
this population.

Unlike DCD, less work has explored these associations in children with
ASD, yet ASD is a prevalent childhood disorder with significant impacts to health
and quality of life (Jones, Bremer, & Lloyd, 2017; Lee, Harrington, Louie, &
Newschaffer, 2008). Research suggests that children with ASD are less active and
less fit (Tyler, MacDonald, & Menear, 2014), and exhibit a higher incidence of
overweight and obesity (Healy, Aigner, & Haegele, 2018), when compared to
their peers with typical development. Given the significant motor delays
experienced by this population (Fournier et al., 2010), it is natural to hypothesize
that intervening in the motor domain will positively influence physical activity,
fitness, and body composition in this population. Indeed, these relationships may

be even more important for a child with ASD as they have some of the greatest
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room for improvement in these areas. One previous study found a positive
relationship between motor coordination and fitness in 10-17 year olds with ASD
(Pan, 2014). These authors also found a negative relationship between percent
body fat (but not BMI) and strength and agility in this same sample (Pan, 2014);
thus, providing partial support for the developmental model of motor skill. Yet,
although many of the variables included in the developmental model are
occasionally measured in the same study, we are unaware of any further research
that has examined the associations between these variables in a sample of children
with ASD.

Beyond the motor delays experienced by children with ASD, this is a
population who also experiences significant challenges with their daily
behaviours, inherent to their core challenges in the social communicative domain
(Kanne et al., 2011). The ability of a child with ASD to functionally participate in
daily activities can be represented by their level of adaptive behavior. Adaptive
behavior is positively related to motor skill in children with ASD (Bremer &
Cairney, 2018). As such, we hypothesize that the individual relationships between
motor skill and physical activity, and motor skill and physical fitness will be
moderated by adaptive behavior in children with ASD. That is, the strength of the
relationship will be predicated on the presence of a certain level of adaptive
behavior that is required for meaningful participation in the motor domain to

result in a benefit to physical activity and fitness. If, for example, a child with
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ASD does not have a prerequisite level of adaptive behavior, their participation in
motor skill-based activities may not be meaningful, or deliberate enough, to elicit
an association with physical activity or fitness. We are therefore proposing a
modification to the developmental model of motor skill (Robinson et al., 2015;
Stodden et al., 2008) where adaptive behavior will moderate the relationships
between motor competence and fitness, and motor competence and physical
activity, respectively (Figure 1). We hypothesize that this modification will make
the model more relevant for children with ASD, as it will take into account their
behavioral functioning.

Therefore, the purpose of this study is twofold: 1) to examine the
associations proposed in the developmental model of motor skill (Robinson et al.,
2015; Stodden et al., 2008) in a sample of children with ASD; and 2) to test a
modification to the model wherein adaptive behavior moderates the relationship
between motor competence and physical activity, and motor competence and
fitness, respectively, in this population.

Method
Participants and Procedure

A cross-sectional design was used to explore the associations between
motor competence, physical fitness, physical activity, and weight status, in
addition to the moderating role of adaptive behaviour, in a sample of 7-12 year

old children with ASD. Participants were primarily recruited through a mail out to
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families of children with ASD on a wait list for services at a government-funded
children’s treatment centre, in addition to advertisements placed at local
community centres and on social media. Inclusion criteria required that
participants be between 7 and 12 years of age with a verbal confirmation of the
child’s diagnosis provided by their parent or guardian. In the province of Ontario,
Canada where this study took place, a diagnosis of ASD can be made by a family
physician, pediatrician, psychiatrist, psychologist, or a psychological associate.
Participants were excluded from participating in the study if they had a co-
occurring physical disability, or could not safely engage in the assessments due to
physical or behavioral concerns. All participants attended four appointments at the
researcher’s lab, with data collected during the last three visits. Visit 1 was a
familiarization to the lab, exercise equipment, and research team. Visit 2 assessed
motor competence, along with the completion of behavioral questionnaires
completed by the participant’s parent. Visits 3 and 4 assessed weight status and
fitness. The data in this study was collected as part of a larger study that also
examined the feasibility and reliability of fitness assessments in children with
ASD (Bremer & Cairney, Under review). Accordingly, approximately 50% of the
participants participated in an additional two study appointments (Visits 5-6) for
further fitness testing, from which the data is reported elsewhere (Bremer &
Cairney, Under review). This study was approved by the Institutional Research

Ethics Board, all parents provided written informed consent, and participants 8
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years of age and older provided informed assent prior to their participation in the
study.
Measures

Demographic information and adaptive behavior

Parents provided pertinent demographic information for their child,
including age of diagnosis and diagnosis provider. Parents also completed the
Vineland Adaptive Behavior Scales-2 (VABS-2) Parent/Caregiver Report Form
(Sparrow, Balla, & Cicchetti, 2005) .The adaptive behavior composite score was
used to describe the sample and in the moderation analyses. The composite score
incorporates the domains of communication, daily living skills, and socialization.
The score is age-normed, has a mean of 100, and a standard deviation of 15
(Sparrow et al., 2005).
Motor competence

Participants’ motor competence was assessed with the Movement
Assessment Battery for Children-2 (MABC-2) (Henderson, Sugden, & Barnett,
2007). The MABC-2 is commonly used to identify movement difficulties in
children, and provides scores in the domains of manual dexterity, aiming and
catching, and balance, in addition to a total test score. The MABC-2 consists of
three age bands (3-6 years, 7-10 years, and 11-16 years), therefore, the two older
age bands were used in this study. The total test score is converted into a

percentile based on the child’s age and sex, with a percentile score at or below the
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16" percentile indicating the presence of significant movement difficulties
(Henderson et al., 2007).
Health-related fitness

Health-related fitness was assessed using tests of anaerobic power,
muscular power, muscular strength, and flexibility. The Wingate anaerobic
cycling test (Bar-Or, 1987) provided a measure of anaerobic fitness and was
assessed using a pediatric cycle ergometer (LODE Pediatric, Groningen, The
Netherlands). Participants established maximum pedaling speed through
completion of a brief (i.e., 20-second) sprint. After a brief rest, they completed a
second sprint with a braking force (0.55 Nm/kg) applied once 80% of their
maximum pedaling speed was reached. Peak power output (in watts) was obtained
from the LODE Wingate software package (LODE BV, Groningen, The
Netherlands) and was considered the primary outcome from the assessment.

Standing long jump provided a measure of lower body muscular power
(Castro-Pifiero et al., 2010) and required the participant to jump as far as they
could using a two-footed take-off and landing. The furthest distance jumped (in
cm) was considered the primary outcome.

Grip strength was measured using a digital handgrip dynamometer
(Smedley Pro Digital, Japan), and was considered an indicator of total muscular

power (Wind, Takken, Helders, & Engelbert, 2010). Participants completed two

84



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

trials per hand, with the primary outcome being the highest value recorded (in kg)
for the dominant hand.

Lastly, the sit and reach test (Wells & Dillon, 1952) was completed as a
measure of flexibility. Participants sat on the floor with their legs straight and feet
flat against the sit and reach box (Flex-Tester, Creative Health Products, USA);
with hands together, they reached forward as far as they could, with the distance
reached (in cm) recorded as the primary outcome. Each of the included fitness
assessments demonstrated good- to- excellent test-retest reliability and a high
degree of test feasibility in our sample (Bremer & Cairney, Under review).
Physical Activity

Physical activity was assessed using an Actigraph accelerometer (WGT3X,
Pensacola, Florida) provided to the participants at Visit 2. Participants were
instructed to wear the accelerometer on their right hip during all waking hours for
7 consecutive days, only removing the device for water activities (e.g., swimming,
bathing) and to sleep. Parents completed a logbook to record the times at which
the device was put on and taken off, including whether it was removed at all
during the day. Data was analysed in 3 second epochs and non-wear periods were
defined as any time the parent indicated the monitor was not worn and/or 60
minutes of consecutive zero counts. At least 10 hours of wear time per day on at
least 3 days was considered sufficient for inclusion in the analyses. Evenson cut-

points were applied to the data to determine the average daily minutes in
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sedentary, light, moderate, and vigorous physical activity (Evenson, Catellier,
Gill, Ondrak, & McMurray, 2008; Trost, Loprinzi, Moore, & Pfeiffer, 2011).
Average daily minutes spent in moderate-to-vigorous physical activity (MVPA)
was considered the primary outcome from the accelerometer data. All cleaning
and processing of the accelerometer data was completed using Actilife software
(Actigraph, Pensacola, Florida).
Body composition

Height was measured to the nearest 0.1 cm using a Seca SC264
stadiometer (Chino, California). Weight was measured to the nearest 0.1 kg using
a Seca SC869 digital scale (Chino, California). BMI was calculated and BMI
classifications were made using the IOTF cut-points for children (Cole &
Lobstein, 2012).

Statistical Analysis

Missing data was imputed using single mean imputation for individual
fitness, motor, and physical activity variables. The primary outcome from each of
the four fitness assessments was converted to a T-score (with a mean of 50 and a
standard deviation of 10) and summed to create a composite health-related fitness
score. Descriptive statistics were calculated for demographic characteristics and
the primary outcomes. The first analysis consisted of Pearson product correlations
to assess the relationship between motor competence and fitness, physical

activity, and BMI, respectively. Second, we tested whether fitness mediated the
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association between motor competence and physical activity. Third, we tested
whether adaptive behaviour moderated the relationship between motor
competence and fitness, and motor competence and physical activity,
respectively. All statistical analyses were completed in SPSS version 25 (IBM
Corporation, 2017). The PROCESS macro for SPSS was used to run the
mediation and moderation analyses (Hayes & Rockwood, 2017). The mediation
employed a bootstrapping procedure with 5,000 samples to estimate the 95%
confidence intervals of the indirect effect. Moderation analyses with an interaction
term that was significant at p<.10 were probed using the Johnson-Neyman
technique to explore the conditional effect of the focal predictor at different values
of the moderator. With a sample size of 27, our regression models were deemed
sufficient, considering the recommendations of Austin and Steyerberg (2015) who
found that a minimum of two subjects per variable was sufficient for the adequate
estimation of regression coefficients, standard error, and confidence intervals.
Results

Participants (n=27) were 9.9 (SD=1.7) years of age and predominately
(88.9%) male. Close to half of the participants (48.1%) had at least one co-
occurring diagnosis, with the most common diagnosis being ADHD, which was
diagnosed in 9 participants. Just over half (51.9%) of the sample was classified as
normal weight, with the remaining participants classified as underweight (3.7%),

overweight (29.6%), and obese (14.8%).
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Overall, missing variables of health-related fitness, physical activity, and
motor competence scores accounted for less than 10% of all data. The most
common missing variable was physical activity, with 18.5% (5/27 participants)
missing data on this variable. The primary outcome of each measure is presented
in Table 1. On average, the results indicate the presence of significant challenges
in the domains of motor skill and adaptive behaviour, along with physical activity
levels below the recommended 60 minutes of MVVPA per day (Tremblay et al.,
2016).

In regard to our first research question, we found that motor competence
was positively related to our composite score of health-related fitness. No other
significant correlations were present between our primary outcomes (Table 2).
Next, we tested whether fitness mediated the association between motor
competence and physical activity and found that the indirect effect was small and
non-significant [effect (SE) = -0.09 (0.17), 95% CI = -0.53 to 0.15].

To test our second research question, we ran two separate moderation
analyses to examine the effect of adaptive behaviour on the relationship between
motor competence and health-related fitness, and motor competence and physical
activity, respectively. Results indicate that adaptive behavior moderates the
association between motor competence and fitness, although this effect was not
statistically significant at p<.05 [coefficient (SE) = -0.077 (0.041), 95% CI = -

0.162 to 0.009, t = -1.857, p =.076]. However, we did observe a conditional effect
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of the focal predictor indicating a region of significance (p<.05) was present at a
VABS-2 score of 89.1 and below. Specifically, we see that motor competence is
related to health-related fitness only among participants scoring relatively low in
adaptive behavior (i.e., one standard deviation or more below the standardized
mean; © x->yw=ss = .0965, p<.05). There is however no statistically significant
association between motor competence and health-related fitness for participants
scoring at or above the mean in adaptive behavior (© x»vw=100 = -.0183, p>.05).
Lastly, adaptive behavior did not moderate the association between motor
competence and physical activity [coefficient (SE) = -0.046 (0.032), 95% CI = -
0.112t0 0.021, t = -1.428, p =.167].
Discussion

Our results provide partial support for the application of the
developmental model of motor skill for school-aged children with ASD.
Specifically, we found that motor competence is associated with health-related
fitness in this population. However, contrary to the model, we did not find
associations between motor competence and BMI, or motor competence and
physical activity, nor did health-related fitness mediate this relationship. Novel to
this study, we proposed a modification to the model with adaptive behaviour
moderating the associations between motor competence and fitness, and motor
competence and physical activity, respectively (see Figure 1). Findings from this

study partially support our hypothesis in that adaptive behaviour was found to
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moderate the relationship between motor competence and fitness; however, it did
not moderate an association between motor competence and physical activity.
Interestingly, the point of significance of this moderation was at an adaptive
behaviour score of 89.1 (i.e., just over one standard deviation below the mean),
indicating that the association between motor competence and fitness is
significant at a relatively low level of behavioral functioning. Moreover, the
majority (77.8%) of participants in our sample had an adaptive behavior score
below this threshold. The implications of this association are far from trivial:
fitness is a significant independent predictor of morbidity and mortality
(Fogelholm, 2010; Janssen & LeBlanc, 2010) and should be considered an
important aspect of overall health. In fact, individuals with ASD are at a 2.5-fold
increased risk of all-cause mortality in comparison to their peers with typical
development, including an elevated risk of mortality from both circulatory and
respiratory conditions (Hirvikoski et al., 2016). As such, we would suggest that
improving the fitness of individuals with ASD should be a top priority for their
health. Moreover, the presence of a positive relationship between fitness and
motor competence, particularly at low levels of adaptive behaviour, would
suggest that we may be able to intervene in these domains, through for example a
motor skill intervention, to produce meaningful health benefits for children with

ASD.
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That we did not find an association between motor competence and
physical activity may be due to the general lack of variability in our physical
activity data, as most participants were considered physically inactive with an
average of 48.7 minutes of MVVPA per day. Interestingly, 6 participants (22.2%)
did meet the recommended 60 minutes of MVVPA per day in our study, suggesting
that the sample was not exclusively inactive. However, it is possible that these
minutes of physical activity would not represent quality participation, rather
excess movement due to hyperactivity or stereotyped behaviors (i.e., behaviors
that do not require a high degree of motor competence), which may help to
explain the lack of association in our data between physical activity and motor
competence or fitness. It is also likely that there are other, unmeasured, variables
accounting for participation in physical activity. For instance, participants’
enjoyment of physical activity, their motivation, and their self-efficacy to engage
in physical activity may be even more important for the age and social stages of
our participants. Moreover, many physical activities for school-aged children are
social; therefore, an additional challenge is added for children with ASD who,
inherent to their diagnosis, experience challenges with social interactions.
Previous qualitative research has suggested a number of individual and
environmental factors related to participation in physical activity, including
competence and confidence, motivation, adjustment to external demands,

predictability, and freedom of choice (Arnell, Jerlinder, & Lundqvist, 2017). It is
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important that future work consider these factors, and how they relate to motor
competence, fitness, and behavior in children with ASD. From an intervention
standpoint, this means we likely need to focus our attention on improving more
than just motor skills in order to get children with ASD more physically active.
Tailoring programs to the individual interests of children with ASD and building
their self-efficacy to engage in various activities is likely necessary. Physical
literacy may therefore provide an appropriate model for physical activity
programming for children with ASD. Such programming would need to
intentionally target the competence, confidence, motivation, and knowledge and
understanding of participants in order to shift physical activity levels in a positive
direction (Dudley, Cairney, Wainwright, Kriellaars, & Mitchell, 2017). However,
more research is needed, in the form of both prospective longitudinal studies and
randomized trials, in order to better understand how we can increase physical
activity levels in this population.

One limitation to the current study is that our composite fitness score did not
include a measure of aerobic fitness. Results from our reliability study (Bremer &
Cairney, Under review) indicated that neither of our aerobic fitness measures (a
progressive treadmill test and six minute walk test) demonstrated acceptable test-
retest reliability in our sample, therefore those measures were excluded from this
study. A second limitation is that we did not measure perceived competence,

which is another variable in the Stodden model (Robinson et al., 2015; Stodden et
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al., 2008). However, we are unaware of any validated measures of perceived
competence for children with ASD. Lastly, given our study population and
challenges with participant recruitment, our sample size was small. Previous
research on the accuracy and stability of estimated regression coefficients in OLS
regression models, such as those used in our moderation analyses, suggests that a
minimum of at least two subjects per variable produces unbiased estimates of
coefficients and confidence intervals (Austin & Steyerberg, 2015). Our models
included three predictors, therefore suggesting a minimum total N of at least 6
cases, which was exceeded by our sample of N=27. Further, our sample size
generally aligns with other studies that include direct assessments of physical
activity and fitness in children with ASD, in which we see sample sizes in the
range of 15 to 30 participants (Pan, 2011, 2014; Tyler et al., 2014). Our study is
strengthened by the inclusion of direct measures of motor competence, health-
related fitness, physical activity, and weight status within the same study. We are
unaware of previous studies that have included all of these measures within a
single study for children with ASD. Moreover, our findings are further
strengthened by the inclusion of fitness tests shown to be reliable and feasible in
our study population (Bremer & Cairney, Under review).

In conclusion, our findings demonstrate a positive association between motor
competence and health-related fitness in children with ASD. Further, our results

support one of our proposed modifications to Stodden and colleagues’ model
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(Robinson et al., 2015; Stodden et al., 2008), with adaptive behavior moderating
the association between motor competence and fitness, but not motor competence
and physical activity. In contrast to work with children with typical development,
we did not find associations between motor competence and physical activity or
BMI. Future research should use prospective longitudinal cohorts and
experimental trials to further disentangle these variables in children and youth
with ASD. Moreover, employing mixed-methods designs may further add to our
understanding of physical activity participation in this population, which may
support the development of appropriate strategies to increase physical activity

levels.
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Table 1. Descriptive statistics of the primary outcomes.

Outcome Statistic
Mean (SD)
MABC-2 total test score (percentile) 6.3 (13.7)
Physical activity (minutes MVVPA/day) 48.7 (17.1)
VABS-2 adaptive behavior composite (standard score) 78.0 (13.8)
BMI (kg/m?) 19.1 (3.7)
Wingate (peak power) 228.9 (71.9)
Standing long jump (cm) 104.9 (32.1)
Grip strength (kg) 11.8 (3.1)
Sit and reach (cm) 18.3 (5.2)

Note: MABC-2=Movement Assessment Battery for Children, 2" Edition;
MVPA=Moderate-to-Vigorous Physical Activity; VABS-2=Vineland Adaptive

Behavior Scales, 2" Edition; BMI=Body Mass Index.
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Table 2. Pearson’s correlations between the primary outcomes.

1 2 3
1. Motor competence
2. Health-related fitness 420
3. Physical activity 079 -.109
4, BMI -.125 .045 -.027

Note: Bold font indicates the correlation is significant at p<.05; BMI=Body Mass

Index.
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CHAPTER 5: The acute effect of exercise on executive functioning and
cerebral blood flow regulation in children with autism spectrum disorder:

An exploratory study
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Preamble

The acute effect of exercise on executive functioning and cerebral blood flow
regulation in children with autism spectrum disorder: An exploratory study
is the fourth study in the dissertation. The study explores the effects of two
different types of exercise, compared to a sedentary control, on executive
functions and cerebral blood flow regulation in children with ASD.

The manuscript is currently under review for publication in the International
Journal of Psychophysiology. The word document version of the manuscript
(formatted according to the International Journal of Psychophysiology author
guidelines) is included in the dissertation.

The copyright for this manuscript is currently held by the authors.

Contribution of Study 4 to the overall dissertation

Study 4 provided preliminary support for the positive effect of an acute bout of
exercise on executive functioning and cerebral blood flow regulation in children
with ASD. Findings also suggest that a circuit-based interval exercise session may
elicit greater improvements to these areas than more traditional aerobic exercise.
These results provide support for the physical activity — cognition pathway
proposed in the Interdisciplinary Framework presented in Chapter 1.
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Abstract

The purpose of this study was to examine the acute effect of exercise on
executive functions and cerebral blood flow regulation in children with ASD. A
secondary question was to assess potential intermediary physiological and
psychological mechanisms for change. Participants (N=12) were 8-12 years of age
with a diagnosis of ASD. A within-subject crossover design was employed.
Participants completed three 20-minute conditions on separate days: circuit-based
workout, treadmill walking, and sedentary control. Pre- and post- each condition
participants completed a cancellation task as a measure of inhibitory control.
Changes in cerebral blood flow regulation were assessed using functional near-
infrared spectroscopy (fNIRS) during the task and measures of heart rate, affect,
perceived exertion, motivation, and self-efficacy were taken throughout the
experiment. A series of repeated measures ANOVAs were conducted to examine
intervention effects. Results demonstrated a non-significant interaction effect for
executive functions (p = .226, 5, = .086) and cerebral blood flow regulation (p =
252, np? = .109). Post-hoc analyses revealed that the circuit condition elicited the
largest changes in both executive functions (d = 0.75, p = .080) and cerebral blood
flow regulation (d = 0.66, p = .171). Effects on the psychological outcomes were
small and non-significant. Although more research is needed, these findings
suggest that exercise may be a feasible intervention for enhancing executive

functioning and cerebral blood flow regulation in children with ASD.
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1.1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that
results in challenges in the areas of social communication and social interactions,
along with the presence of restricted or repetitive behaviours (American
Psychiatric Association, 2013). While the etiology of ASD is complex and
includes both genetic and environmental factors (Currenti, 2010), much work has
also focused on the widespread disrupted neural connectivity that is present in the
disorder (Belmonte, 2004; Schipul, Keller, & Just, 2011; Wass, 2011). Brain
imaging research, for example, points to connectivity issues between the frontal
cortex and other brain regions, which is thought to contribute to the behavioural
characteristics of ASD (Vissers, Cohen, & Geurts, 2012; Wass, 2011). Further,
the prefrontal cortex, which continues to develop through childhood, is thought to
be particularly impacted by these connectivity issues (Just, Cherkassky, Keller,
Kana, & Minshew, 2007).

Parallel to the core features of ASD, and in line with the widespread
neural disruptions, previous research has also demonstrated significant
impairments in executive functioning among this population (Demetriou et al.,
2018). Executive functions are higher-order cognitive processes, originating in the
prefrontal cortex, that enable us to control and direct our behaviour (Diamond,
2013). Executive functions include three core processes including inhibition (i.e.,

self-control or interference control), working memory, and cognitive flexibility
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(i.e., set shifting or mental flexibility) (Lehto, Juujérvi, Kooistra, & Pulkkinen,
2003; Miyake et al., 2000). These skills are essential for virtually all aspects of
life including physical and mental health, academic and vocational success, and
social development (Diamond, 2013). Thus, impairments in executive functioning
can have a debilitating impact across multiple aspects of functioning.

Interventions for children with ASD typically focus on addressing the
behavioural challenges associated with the disorder through, for example,
intensive behavioural interventions employing applied behaviour analysis
strategies (e.g., positive reinforcement, antecedent-behaviour-consequence
techniques). However, there has been a limited amount of interventions that
directly address the deficits in executive functioning, rather than the behaviours
associated with these deficits. One example of a successful intervention targeting
executive functions for children with ASD employed cognitive behavioural
strategies in a school-based program and found significant gains in the areas of
problem solving, flexibility, and planning (Kenworthy et al., 2014). Yet, the
potential mechanisms behind these changes remain unknown.

In contrast, exercise is a form of intervention that has been gaining traction
as a way to improve aspects of executive functioning in children. While the
results of recent reviews are mixed (Diamond & Ling, 2018; Gunnell et al., 2018;
Hillman & Biggan, 2017), the guiding principal is that both acute and chronic

exercise results in a number of physiological and psychological changes that, in
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turn, elicit improvements in brain-based processes (Lambourne & Tomporowski,
2010; Stimpson, Davison, & Javadi, 2018). While traditional forms of aerobic
exercise (e.g., running) has been the focus of much of this research (Gunnell et al.,
2018; Pontifex et al., 2019), the effects of exercise on executive functions may not
be equal across exercise types. For example, previous research has suggested that
cognitively engaging activities (i.e., physical activity paired with cognitive/mental
effort) may elicit greater improvements in executive functioning than aerobic
exercise alone (Best, 2010; Diamond & Ling, 2018; Schmidt, Jager, Egger,
Roebers, & Conzelmann, 2015). Further, resistance training has received a lot less
attention in the literature, but has demonstrated positive results on measures of
inhibition (Soga, Masaki, Gerber, & Ludyga, 2018). There are a number of
potential mechanisms driving the effects of exercise on cognition. For example,
increased arousal which leads to a cascade of factors including activation of the
reticular activating system and the release of catecholamines and neurotrophic
factors (McMorris, 2016; Pontifex et al., 2019; Voss, Vivar, Kramer, & van
Praag, 2013). Further, exercise may result in an increase in cerebral blood flow
regulation, resulting in improved cognitive processing through an increase in
resource availability (i.e., availability of oxygenated hemoglobin) and waste
clearing (i.e., removal of deoxygenated hemoglobin) (Ogoh & Ainslie, 2009).
There are also numerous intermediary psychological mechanisms that may be

driving changes in executive functioning following exercise. For example,
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exercise can lead to improved affect (Ekkekakis, Parfitt, & Petruzzello, 2011),
which may then impact performance on later cognitive tasks. Further, self-
efficacy to perform cognitive tasks may also be improved through changes in both
affect and physiological states following exercise (Bandura, 1997).

Despite the impairments in executive functioning experienced by children
with ASD, and the potential for exercise to reduce these impairments, little work
in this area has focused specifically on children with ASD. There is evidence of
behavioural improvements in the areas of social-emotional functioning and a
reduction in repetitive behaviours following exercise in children with ASD, with
these improvements hypothesized to be related to improvements in executive
functioning (Bremer, Crozier, & Lloyd, 2016). Further, a recent meta-analysis of
the effect of exercise interventions on cognition reported a large effect for
improvements in specific aspects of cognition (e.g., time on task) for children
with ASD (Tan, Pooley, & Speelman, 2016). Our interpretation of this effect is,
however, limited as it was derived from only 6 studies and only 1 of these studies
(Anderson-Hanley, Tureck, & Schneiderman, 2011) actually included measures of
executive functioning as an outcome. Since this review, two additional studies
have shown positive changes in executive functions in children with ASD
following 12-week table tennis and basketball interventions, respectively (Pan et
al., 2017; Tse et al., 2019). Additionally, Memari and colleagues (Memari et al.,

2017) found a significant positive correlation between cognitive flexibility and
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physical activity in children with ASD; although, the cross-sectional design of the
study limits our understanding of causality in this relationship. Taken together,
these results suggest there is potential for exercise to improve executive functions
in children with ASD. The current literature, however, has failed to test potential
intermediary variables that may account for changes in executive functions, as
well as the differential effects of varying types of exercise on executive functions
in this population.

This exploratory study examined the effect of two different types of acute
exercise (treadmill walking and a circuit-based interval workout), in comparison
to a sedentary control condition, on executive functioning and cerebral blood flow
regulation in children with ASD. We hypothesized that both exercise conditions
would result in greater improvements to both variables than the sedentary control
condition. As a secondary research question, we also explored changes in
potential intermediary psychological (self-efficacy, motivation, affect, and
perceived exertion) and physiological (heart rate) variables.

2.1 Method
2.2 Participants and Design

Participants were 12 males with ASD between 8-12 years of age (Mage =
11.1, SD = 1.3 years). While recruitment was open to both sexes, only male
participants enlisted in the study. Eligibility criteria included no co-occurring

physical health conditions (e.g., unstable heart condition) that would preclude
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participants from safely engaging in physical activity and the ability to follow
dual-step instructions, as reported by the participants’ parent. The study utilized a
within-subject randomized experimental design with one independent variable
(group, consisting of three levels — treadmill walking, circuit-based interval
workout, and sedentary control) and two primary dependent measures (change in
executive function task performance and change in cerebral blood flow
regulation). The study was approved by the Hamilton Integrated Research Ethics
Board, parents provided informed written consent, and participants provided
informed written assent prior to participation in the study.
2.3 Experimental Manipulation

Participants completed three experimental conditions, in a random order,
separated by a minimum of 48 hours. Randomization was determined using a
random number generator (randomizer.org) prior to study entry. The
manipulations included two exercise conditions (steady-state and interval) and
one sedentary control condition. Each condition was 20 minutes in length. Heart
rate was recorded continuously during each condition using a Polar V800 heart
rate monitor and chest strap, with a target heart rate for the exercise conditions of
120-160 beats per minute [bpm; approximately 60-80% of predicted maximal
heart rate (Gelbart, Ziv-Baran, Williams, Yarom, & Dubnov-Raz, 2017)].

2.3.1 Treadmill walking. Treadmill walking was chosen as a steady-state,

aerobic exercise as this type of exercise is commonly employed in the acute
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exercise-cognition literature (Pontifex et al., 2019). The condition consisted of
walking on a treadmill with the speed and incline starting at 1.7 mph and 10%,
respectively, in order to meet target heart rate zones. The speed and incline were
adjusted, if needed, to maintain the target heart rate.

2.3.2 Circuit-based interval workout. The circuit-based interval exercise
condition included five exercises, completed in a circuit, for a total of 3 sets. This
condition was chosen to represent a more ecologically valid type of workout, and
included exercises that could be completed at home or in school or clinical
settings. The exercises included jumping jacks, medicine ball (2 Ib) chest press,
squat jumps, seated row with a light resistance band, and alternating step-ups on
an exercise step. Each exercise was completed for 45 seconds, followed by a 20
second rest and transition to the next exercise. A 2-minute rest was provided
between each set. The timing of the exercises and transitions between activities
were guided through a commercially available iPad application (Seconds Pro
Interval Timer, Runloop Ltd.). Participants were verbally encouraged to maintain
a steady pace throughout the exercises in order to stay in the target heart rate
zone.

2.3.3 Sedentary control. The sedentary control condition consisted of
watching an age-appropriate children’s movie while seated in a chair in the
exercise room. Considered a cognitive engagement control, this is the most

commonly used control condition in the acute exercise cognition literature
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(Pontifex et al., 2019). Further, this was considered a typical activity in which a
child with ASD may engage in their free time (Jones et al., 2017).
2.4 Primary Outcome Measures

2.4.1 Executive functioning. Executive functioning was assessed with the
Attention Sustained subtest of the Leiter International Performance Scale, 3™
Edition. The Leiter-3 is an individually administered standardized test used to
assess aspects of intellectual ability and executive functioning in individuals aged
3-75 years, and has been validated for individuals with ASD (Roid et al., 2013).
The Attention Sustained subtest measures inhibitory control through a
cancellation task that requires the participant to cross out as many target items on
a page as they can in a given period of time. The subtest includes four trials, with
the first two trials lasting 30 seconds and the second two trials lasting 60 seconds.
Each of the four trials is completed on a separate page and has a different target
item for the participant to find. Each page is full of items similar to the target and
the participant needs to cross out only the target items while inhibiting the desire
to cross out similar, non-target, items. Further, the four trials progress in difficulty
by including previous target items in subsequent trials, increasing the complexity
of the target items, and moving from a linear to random arrangement of the items
on the page. Prior to each of the four trials, participants are given a practice trial
on a miniature version of the task to ensure task understanding. Scores are

calculated as the total number of target items correctly crossed out, minus the total
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number of commission errors. The total number of target items for each of the
four trials is 32, 64, 69, and 52, respectively, with the highest total score (sum of
trials 1-4) being 217 (Roid, Miller, Pomplun, & Koch, 2013). The subtest was
completed twice (pre- and post-experimental manipulation) per study
appointment. The change in total score from pre- to post-test was considered the
primary outcome of the study.

2.4.2 Cerebral blood flow regulation. A 20-channel, continuous wave,
functional near-infrared spectroscopy (fNIRS) system (NIRSport, NIRx Medical
Technologies) was used to measure the relative change in oxygenated hemoglobin
(oxy-Hb) within the prefrontal cortex during the executive functioning task. The
system is comprised of 8 sources and 8 detectors, resulting in 20 channels with a
sampling frequency of 7.81 Hz. The optodes were placed in the cap based on the
standard 10-20 international system (Jasper, 1958) with the goal of acquiring the
hemodynamic measures from the prefrontal cortex. After placing the optodes in
the cap, a thick black over-cap was used to cover the optodes in order to avoid
interference from environmental light.

The raw fNIRS data was recorded continuously during the executive
functioning task using the NIRStar acquisition software. The raw data was then
processed offline with nirsLAB. First, the task onsets and rest periods were
defined. Signal-to-noise performance was evaluated using variation coefficients

(CV), which is the standard deviation divided by the mean from all of the raw
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data in the measurement time series, by channel, and expressed as a percentage
(Kenville, Maudrich, Carius, & Ragert, 2017; Piper et al., 2014) . In line with
previous literature, channels were removed when the CV exceeded 15% (Kenville
et al., 2017; Piper et al., 2014). A digital band-pass filter with a low cut-off
frequency of 0.0033 Hz and a high cut-off frequency of 0.02 Hz was applied to
the raw data to remove high-frequency noise and cardiovascular artifacts.
Hemodynamic states were then computed and the data was exported to Microsoft
Excel for post-processing analyses. The mean oxy-Hb across all channels was
calculated for each of the four blocks of the executive functioning task. Change
from pre- to post-test in the average oxy-Hb across all four blocks (in pmol) was
considered the primary outcome from this variable.
2.5 Secondary Outcome Measures and Manipulation Checks

2.5.1 Affect. The Feeling Scale (Hardy & Rejeski, 1989) was used to
measure affective states at baseline, following each of the four executive
functioning trials and at four-minute intervals throughout the experimental
manipulation. The Feeling Scale is an 11-point bipolar single-item scale that
ranges from -5 (very bad) to +5 (very good) along a displeasure-pleasure
continuum. The average of the four affect ratings following the executive function
trials was considered as a potential psychological mechanism of change, while the
average of the five ratings during the experimental manipulation was considered a

manipulation check.
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2.5.2 Ratings of perceived mental exertion. Participants rated their
perceived mental exertion (RPME) using an adapted version of Borg’s CR-10
scale (Borg, 1998) following each of the four executive functioning trials and at
four minute intervals throughout the experimental manipulation. Participants were
instructed to rate their perceived mental exertion from 0 (no exertion at all) to 12
(absolute maximum), with 10 (extremely strong) representing the highest mental
exertion they had ever experienced. The average of the four RPME ratings
following the executive function trials was considered as a potential psychological
mechanism of change, while the average of the five ratings during the
experimental manipulation was used as a manipulation check.

2.5.3 Ratings of perceived physical exertion. Participants rated their
perceived physical exertion (RPE) using Borg’s CR-10 scale (Borg, 1998), at four
minute intervals throughout the experimental manipulation in order to determine
the extent to which they were physically exerting themselves during each of the
three conditions. Participants were instructed to rate their perceived physical
exertion from 0 (no exertion at all) to 12 (absolute maximum), with 10 (extremely
strong) representing the highest physical exertion they had ever experienced. The
average of the five ratings during the experimental manipulation was used as a
manipulation check.

2.5.4. Intrinsic motivation. Motivation for performing the executive

function task was assessed at pre- and post-test using the effort and importance
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subscale from the Intrinsic Motivation Inventory (Ryan, 1982). The subscale
consists of five items that are rated on a Likert scale ranging from 1 (not at all
true) to 7 (very true). An example item is ““I am going to put a lot of effort into
these brain games”. A total motivation score was calculated as the mean of the
five items and change from pre- to post- test was considered a potential
psychological mechanism of change.

2.5.5 Task self-efficacy. Self-efficacy to perform the executive
functioning task was assessed once (i.e., prior to performing the post-test) per
appointment, using a four-item, 11-point, scale adhering to recommendations by
Bandura (Bandura, 1997, 2006) for measuring self-efficacy. Each item was
prefaced with the stem “For the brain games I’m about to do, | am confident |
can perform”. The individual items represented gradations of performance that
were relative to the participant’s performance on the first executive function task
(blocks 1-4). Using the 11-point scale, 0 (not at all confident) to 10 (totally
confident), participants were asked to rate their confidence to perform (1) “almost
as good as the last time”, (2) “as good as the last time”, (3) “a little better than
the last time”, and (4) “a lot better than the last time” when compared to their pre-
test. The scores from each of these four items were averaged to create a task self-
efficacy score ranging from 0 to 10.

2.5.6 Heart rate. Heart rate was measured continuously during the

experimental conditions using a Polar H1 chest strap synced to a Polar V800
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watch (Polar Canada, Lachine, Quebec). Average heart rate, in beats per minute,
over the 20-minute condition was used as a manipulation check of exercise
intensity.
2.6 Sample Descriptive Characteristics

2.6.1 ASD severity. Parents completed the Gilliam Autism Rating Scale —
Third Edition (GARS-3) (Gilliam, 2014). The GARS-3 consists of 56 items and
takes 5-10 minutes to complete. It yields standard scores, percentile ranks,
severity level, and probability of Autism and has been shown to have good test-
retest reliability (>0.80) and able to accurately discriminate children with ASD
from those without (sensitivity = 0.97, specificity = 0.97).

2.6.2 Trait executive functioning. Parents completed the Behaviour
Rating Inventory of Executive Functions (BRIEF) (Gioia, Isquith, Guy, &
Kenworthy, 2000). The questionnaire is appropriate for children aged 5 to 18
years and took approximately 10-15 minutes to administer. The instrument was
parent-reported and assessed the following domains of executive functioning:
inhibition, shifting, emotional control, working memory, and planning/organizing.
Scores were totalled to give a Global Executive Composite. Parent test-retest
reliability scores from the normative sample of 1,419 parents of children aged 5 to
18 is 0.82. Scores from the BRIEF were used to describe the sample and as a

potential covariate in the analysis.
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2.6.3 Repetitive behaviours. Parents completed the Repetitive Behavior
Scale — Revised (RBS-R; Bodfish, Symons, & Lewis, 1999) at the first study
appointment. The questionnaire is appropriate for children with ASD and has
been independently validated in this population, showing high internal
consistency and good interrater reliability (ICC = .70) (Lam & Aman, 2007). The
instrument was parent-reported, took approximately 15 minutes to administer, and
assesses the following domains of repetitive behaviours: Ritualistic/Sameness,
Stereotypic, Self-injurious, Compulsive, and Restricted Interests. Scores from the
RBS-R were used to describe the sample and as a potential covariate in the
analysis.

2.6.4 Body composition. Height was measured to the nearest 0.1 cm using
a Seca SC264 stadiometer (Chino, California) and weight was measured to the
nearest 0.1 kg using a Seca SC869 digital scale (Chino, California). Body mass
index (BMI) was calculated and participants’ weight status was classified using
the IOTF cut-points (Cole & Lobstein, 2012).
2.7 Procedure

Participants attended three appointments at the research lab, with each
appointment lasting approximately 1 hour. At the beginning of the first study
appointment, participants’ parents provided informed written consent and
participants provided informed assent. Parents then completed a suite of surveys

including the demographic information form, GARS-3, BRIEF, and RBS-R.
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Participants’ height and weight were measured at the first study appointment. All
remaining procedures were identical between the three study appointments.

Upon entering the lab, participants were fitted with a heart rate monitor
and familiarized to the feeling scale and perceived exertion scales. Participants
rated their affect and answered 5 questions regarding their intrinsic motivation to
perform the executive functioning task. Participants were then fitted with an
fNIRS cap, which was then calibrated for signal quality. Following calibration,
baseline fNIRS and heart rate recordings (1 minute) were simultaneously taken
prior to the start of the executive function task. Four trials of the executive
function task were then completed with trials 1-2 each lasting 30 seconds and
trials 3-4 each lasting 60 seconds. A brief (approximately 15 second) practice was
provided prior to each of the four trials. Following each trial, participants
provided ratings of affect and perceived mental exertion. fNIRS was recorded
throughout all four trials, with the start and end points of each trial manually
triggered in the NIRS program for later analysis.

Following the executive function task, participants completed one of the
three 20-minute experimental conditions. Heart rate was recorded continuously
throughout the condition, and ratings of affect, perceived mental exertion, and
perceived physical exertion were provided at 4-minute intervals.

After the experimental manipulation, participants rated their task self-

efficacy to perform the executive function task followed by ratings of intrinsic
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motivation and affect, as in the pre-test. The remainder of the protocol was then
completed as described in the pre-test.

The remaining two appointments were completed following the same
procedures as described above, with the experimental manipulation changing
according to each participant’s randomization schedule.

2.8 Statistical Analyses

All statistical analyses were conducted using SPSS 25 (IBM Corporation,
2017). Descriptive statistics were computed for all study variables. Separate
repeated measures ANOVA models were computed to assess differences in
executive functioning, cerebral oxygenation, affect, RPME, and motivation from
pre- to post-test by condition. Separate one-way ANOVA models were used to
assess differences in means between conditions for self-efficacy and the
manipulation checks (heart rate, RPE, RPME, and affect during the experimental
manipulation). The level of significance for the ANOVAs was p = .05, and
planned post-hoc comparisons were conducted using a Bonferroni corrected p-
value of .017 for each analyses (i.e., .05 divided by 3 follow-up t-tests per
analysis).

Effect sizes for the repeated measure ANOVAs are reported as partial eta
squared (77p?) and the values for small, medium, and large are 0.01, 0.06, and 0.14,

respectively (Cohen, 1992). Effect sizes for the post-hoc analyses are reported as
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Cohen’s d and the values for small, medium, and large are 0.2, 0.5, and 0.8,
respectively (Cohen, 1992).

2.8.1 Sensitivity analysis. Due to challenges with recruitment, our sample
size was limited to 12 participants. Therefore, a post-hoc sensitivity analysis was
conducted to determine the size of effect needed to reach statistical significance
(G*Power version 3.1.9.2; Faul, Erdfelder, Buchner, & Lang, 2009). Based on our
sample size of N = 12, with power = 0.80, and alpha = .05, a large effect of #, =
0.219 was necessary to achieve statistical significance.

3.1 Results

Demographic characteristics of the participants are presented in Table 1.
The majority of participants (75%) had an autism severity rating of level 2 (i.e.,
requiring substantial support), while one participant was considered level 1 (i.e.,
requiring support) and two participants were considered level 3 (i.e., requiring

very substantial support), respectively.
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Table 1. Demographic characteristics of the participants.

Variable Mean (SD)
Age 11.1 (1.3)
BMI 18.2 (2.5)
GARS Autism Index 90.0 (17.0)
BRIEF Global Executive Composite 71.1 (9.4)
RBS Total Score 29.4 (15.3)

3.2 Primary Analyses

Two repeated measures ANOVAs were conducted to examine the change
in executive functioning and cerebral oxygenation, respectively, from pre- to post-
test by experimental condition. In regard to executive functioning, results
indicated a significant main effect for time [F(1, 33) = 11.76, p = .002, 5, = .263]
and a non-significant interaction effect [F(2, 33) = 1.56, p = .226, #,? =.086]. All
post-hoc analyses were non-significant at a p-value of .017. Effect sizes were,
however, in the hypothesized direction and medium for the difference in change
between the circuit and sedentary conditions (d = 0.75, p = .080); small between
the treadmill and sedentary conditions (d = 0.39, p =.345); and small between the
circuit and treadmill conditions (d = 0.33, p=.431). Change scores on the

executive functioning task are presented in Figure 1.
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Figure 1. Change in executive functioning by condition.

In regard to changes in cerebral blood flow regulation, results indicated a
non-significant main effect for time [F(1, 24) = 0.55, p = .465, 5,> = .022] and a
non-significant interaction effect [F(2, 24) = 1.46, p = .252, 5,®> = .109]. All post-
hoc analyses were non-significant at a p-value of .017. Effect sizes for the
difference in the change in oxy-Hb were in the hypothesized direction and
medium between the circuit and sedentary conditions (d = 0.66, p = .171); small

between the treadmill and sedentary conditions (d = 0.05, p =.922); and medium
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between the circuit and treadmill conditions (d = 0.71, p = .156). Change from

pre- to post-test in oxy-Hb are presented in Figure 2.
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Figure 2. Change in cerebral oxygenation by condition.

3.3 Secondary Analyses

Descriptive statistics summarizing affect, perceived mental exertion,

motivation and task self-efficacy scores are shown, by group, in Table 2. Three

124



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

separate repeated measures ANOVAs were conducted to examine the change in
affect and perceived mental exertion during the executive function task, along
with changes in motivation to complete the executive functioning task from the
pre- to post- test by condition. Results indicated that no significant differences
between the conditions were present for affect, perceived mental exertion, or
motivation. Finally, results from the one-way ANOVA to examine differences in
self-efficacy to perform the executive function task between the three conditions
indicated no significant differences between conditions. Given that these analyses
were secondary, non-significant effects were not further explored through post-
hoc analyses.
3.4 Manipulation Checks

Four separate one-way ANOVAs were conducted on average heart rate,
affect, perceived physical exertion, and perceived mental exertion, respectively,
during each of the experimental manipulations. Results are presented in Table 3
and indicate significant differences in heart rate and perceived physical exertion

between the two exercise conditions and the control condition, respectively.
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Table 2. Time by condition interaction effect for psychological outcomes.

Variable Sedentary Circuit Treadmill F p-value
Mean (SD) Mean (SD) Mean (SD)
Task Affect 0.9 (0.8) 0.1 (0.6) 1.0(1.2) 2.77 .08

(A pre- to- post- test)
Task RPME -0.03 (1.6) -0.6 (2.1) 0.7 (1.1) 1.72 20
(A pre- to- post- test)
Task Motivation 0.1(0.9) 0.2(1.2) -0.1(1.2) 1.00 .38
(A pre- to- post- test)

Task Self-efficacy 5.4 (2.1) 6.7 (2.9) 6.8 (3.0) 0.98 39
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Table 3. Experimental condition manipulation checks.

Variable Sedentary Circuit Treadmill F p-value
Heart Rate 89.2 (9.8) 131.5 (8.7)** 128.0 (10.2)** 63.98  <.001
Affect 2.4 (2.4) 3.5 (1.5) 3.2 (1.8) 0.87 43
RPE 3.2(3.5) 6.5 (2.4)* 5.8 (2.9) 3.66 .04
RPME 3.7 (3.6) 5.4 (3.1) 5.0 (3.2) 0.75 48

* Significantly different from the sedentary condition at p<.05

** Significantly different from the sedentary condition at p<.001
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4.1 Discussion

Overall, findings from this exploratory study suggest that exercise may be
a promising modality to elicit changes in cerebral blood flow regulation and
executive functioning in children with ASD, with effect sizes that were medium to
large in size. While both exercise conditions elicited greater improvements than
the control condition, the results also indicate that the circuit condition elicited
some of the greatest changes in executive functioning and oxy-Hb, suggesting that
not all exercise modalities are equal. While these results were not statistically
significant, the magnitude of our effect sizes suggests that these changes are of
practical significance (Ellis & Steyn, 2003; Sullivan & Feinn, 2012).

This is the first study to examine the acute effect of two different types of
exercise on executive functioning, when compared to a sedentary control
condition, in children with ASD. Importantly, the study utilized numerous
manipulation checks in order to further discern the effect of exercise on our
primary outcomes. Results from the manipulation checks indicated that exercise
intensity was similar between both exercise conditions, with no differences in the
participants’ heart rate or perceived exertion; thus, it is likely that differences in
executive functioning and cerebral blood flow regulation between the conditions
may be due to mechanisms other than exercise intensity.

Previous research has demonstrated greater improvements in executive

functioning following cognitively engaging physical activity when compared to
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traditional aerobic activity (Best, 2010; Diamond & Ling, 2018; Schmidt et al.,
2015), which may be one possible reason for the differential effects between the
circuit and treadmill conditions. Even though perceived mental exertion was
similar between conditions, it is possible that the circuit condition required a
greater degree of cognitive demand than the treadmill condition due to the need to
switch between the different exercises and the more dynamic nature of each
exercise in comparison to treadmill walking. Indeed, the exercises included in the
circuit condition required a higher degree of motor coordination, given the full-
body, dynamic nature of each of the five exercises. There is a high degree of co-
activation between the cerebellum, responsible for motor coordination, and the
prefrontal cortex, responsible for executive functions (Diamond, 2000). As such,
tasks that require both motor and cognitive demands should inherently lead to
greater co-activation of brain regions. It has further been proposed that the
benefits of cognitively engaging physical activity can be attributed to a theory of
“pre-activation” (Budde, VVoelcker-Rehage, PietraByk-Kendziorra, Ribeiro, &
Tidow, 2008; Schmidt, Benzing, & Kamer, 2016) , whereby the cognitive
engagement of the physical activity primes the same cognitive processes needed
for the later performance of cognitive tasks. This theory of pre-activation is
supported by the fact that we saw greater improvements in executive functioning
following the circuit exercise, which likely required a higher degree of cognitive

engagement, in comparison to the treadmill exercise, which relied more on motor

129



Ph.D. Thesis — E. Bremer; McMaster University - Kinesiology

processes alone. Further, we saw an increase in oxy-Hb following the circuit
condition, yet virtually no change in this outcome following the treadmill
condition; thus, suggesting that this pre-activation effect may only be present
when a certain degree of cognitive engagement occurs alongside physical activity.

Contrary to our initial hypotheses, we did not find differences between the
conditions in our psychological outcomes. It is possible that physical activity does
not have the same effect on these psychological mechanisms including affect,
motivation, and self-efficacy among children with ASD compared to children
with typical development (e.g., Schmidt et al., 2016). However, these results may
actually mean that children with ASD can make improvements to their executive
functions following exercise, regardless of their motivation or self-efficacy
toward the cognitive task. This is a potentially promising finding that should be
further explored in future intervention work as providing a bout of exercise prior
to cognitive tasks, such as behavioural treatments or school activities, may be able
to elicit improved outcomes on these activities, regardless of the child’s feelings
toward the activity.

Although not a primary outcome, another important finding from this
study was that all participants were able to complete both exercise conditions,
with 100% adherence, while staying in the target heart rate zone. This finding
suggests that exercise is a feasible intervention for children with ASD, which is

important for the implementation and uptake of exercise-based programs for this
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population. Beyond replication of these study findings, an important next step in
this work will also be to explore the role of exercise on executive functions
outside of the lab setting. To this extent, circuit-based exercise may provide a
more ecologically valid workout for school-age children with ASD who may not
have access to specialized exercise equipment, such as a treadmill. While basic
equipment (e.qg., resistance band, medicine ball) was used for the circuit, it could
also be completed without any equipment as a complete body-weight exercise
session. Thus, the circuit workout could reasonably be completed in a home,
school, or clinic environment with little space or equipment needed. Further, the
larger effect on executive functioning and cerebral blood flow regulation evident
following the circuit condition suggests that this type of exercise may also elicit
the greatest improvements on various health and behavioural outcomes (both
acutely and overtime) in children with ASD.

Finally, while the exercise sessions were 20-minutes in length, it is
important that future research also explore the effects of shorter bouts of activity
(e.g., Howie, Schatz, & Pate, 2015; Schmitz Olin et al., 2017) to further improve
the feasibility of implementing exercise breaks into multiple settings. Given that
current behavioural treatment practices for this population are both time- and cost-
intensive (Buescher, Cidav, Knapp, & Mandell, 2014; Virués-Ortega, 2010),
exercise may provide a relatively low-cost alternative to augment current

practices. For example, the provision of a brief exercise bout either immediately
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before or during traditional behavioural therapy may help to improve participants’
attention and inhibition, essentially boosting the benefits of the session. Future
research should build on this work by exploring the effect of exercise breaks on
traditional treatment outcomes for children with ASD.

One limitation to this study is the relatively small sample that was
employed. While we were limited to 12 participants, our post-hoc sensitivity
analysis revealed we were powered to only detect large effects. Recruitment of
participants with ASD in a community setting is a challenge due to low
prevalence rates and lack of interest in exercise-based studies among parents of
children with ASD. Nonetheless, our sample size is not that different from
previous experimental exercise-based studies in this population (Anderson-Hanley
et al., 2011; Schmitz Olin et al., 2017). An additional limitation is that we only
included one measure of executive functioning in the study. The cancellation task
we employed was considered a measure of inhibitory control; however, most
studies of this aspect of executive functioning use a Flanker task to assess this
outcome (Pontifex et al., 2019; Raine et al., 2018). Pilot testing in our lab
suggested that the completion of a Flanker task would not be feasible for our
participants. Future work should attempt to recruit larger samples and include
multiple measures of executive functioning.

Our study is strengthened by employing a within-subject pre-test post-test

experimental design, which is considered the gold-standard for testing the acute
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effects of exercise on executive functioning (Pontifex et al., 2019). Another
strength to this study is the inclusion of direct measures of executive functioning,
changes in cerebral blood flow regulation, and psychological outcomes within the
same study; something that has not previously been done in a sample of children
with ASD. Further strengths are the inclusion of two different types of exercise, in
comparison to a sedentary control condition, along with numerous manipulation
checks.

Overall, results from this exploratory study suggest that an acute bout of
exercise may elicit improvements in executive functioning and cerebral blood
flow regulation in children with ASD, with exercises that are more cognitively
and motorically demanding potentially having the greatest benefits. However, the
failure to find a significant interaction effect warrants the need for more work in
this area, with larger sample sizes, to truly establish the acute effect of exercise on

executive functioning, and its intermediary variables, in children with ASD.
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CHAPTER 6: GENERAL DISCUSSION
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The overarching objective of this dissertation was to explore the role of
physical activity for the health, behaviour, and cognition of children with ASD.
Ultimately, the long-term goal of this work is to understand how physical activity
may be used as a behavioural intervention for this population. Given the paucity
of literature in this area to-date, this broad objective was explored through a set of
studies that sought to establish foundational knowledge regarding common
correlates and outcomes of physical activity. Importantly, the studies included in
this dissertation were not designed to be sequential, but rather to fill a number of
gaps in the literature. This work was guided through an interdisciplinary
framework (Figure 1) of physical activity correlates and outcomes, developed for
this dissertation. Specifically, this framework helped to guide our study of the role
of physical activity for children with ASD by taking a comprehensive approach to
understanding the physical, behavioural, and cognitive variables that may

influence and change with participation in physical activity.

Motor ) _ Adaptive

Competence \ / Behayiour

Physical

Activity \

» Cognition

Health-related
Fitness

Figure 1. Interdisciplinary framework of physical activity correlates and

outcomes.
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Filling the Gaps

Overall, the findings from this dissertation have extended existing
knowledge in several important ways. First, it is imperative that studies of the
health and physical activity levels of children with ASD include measures that are
both feasible and reliable for this population. Previous studies reporting on fitness
outcomes in children with ASD have failed to provide evidence of these critical
measurement properties. Fitness is an important independent indicator of overall
health (Anderssen et al., 2007; Ortega, Ruiz, Castillo, & Sjostrom, 2008; Ruiz et
al., 2009). As such, it is also considered an outcome of many physical activity
interventions (e.g., Kriemler et al., 2011), and is positively associated with
cognitive functioning (Fedewa & Ahn, 2011; Raine et al., 2018). However, if we
cannot reliably measure fitness, then we cannot assess its role as a correlate or
outcome of physical activity. Therefore, an important first step in this dissertation
was to establish the feasibility and reliability of select fitness assessments for use
in children with ASD. Findings from Chapter 2 demonstrated that fitness tests can
be completed with a high degree of feasibility in children with ASD; however,
differences in reliability are present. Specifically, assessments requiring a limited
number of instructions and short completion time (e.g., standing long jump,
Wingate, grip strength, sit and reach) demonstrated good- to- excellent test-retest
reliability. In contrast, assessments that were longer in duration or required a

higher-degree of self-regulation (e.g., modified six-minute walk test, Bruce
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protocol, and Muscle Power Sprint Test) did not demonstrate adequate levels of
reliability. Researchers and practitioners should consider these findings when
choosing fitness assessments for children with ASD. Further, future work should
continue to explore other measurement properties, such as the validity of these
assessments, specifically for children with ASD.

Second, we know that children with ASD experience a number of physical
health deficits, including low levels of motor competence (Fournier, Hass, Naik,
Lodha, & Cauraugh, 2010), health-related fitness (Borremans, Rintala, &
McCubbin, 2010; Pan, 2014), and high rates of obesity (Healy, Aigner, &
Haegele, 2018). These variables may all be related to participation in physical
activity in children (Stodden et al., 2008), yet we do not have a good
understanding of how these variables interact specifically for children with ASD.
Understanding these relationships, in the context of the behavioural profiles of
ASD, may provide important insights necessary in the design and implementation
of physical activity programs for this population. Indeed, guided by our
interdisciplinary framework, this dissertation provided support for the role of
adaptive behaviour in the physical health of children with ASD. Specifically, we
found that adaptive behaviour is positively related to motor coordination in
children with ASD (Chapter 3). Moreover, in Chapter 4 we tested an extension of
Stodden’s model to consider the role of adaptive behaviour in this model.

Findings showed that adaptive behaviour moderates the relationship between
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motor coordination and health-related fitness (Chapter 4). Contrary to our
hypotheses though, we did not find significant relationships between physical
activity and motor coordination or health-related fitness (Chapter 4). Taken
together, findings from Chapters 3 and 4 add to our understanding of the
importance of motor competence in the daily lives and behaviour of children with
ASD, but also emphasize the importance of the relationship between motor
competence and adaptive behaviour. Moreover, that we did not find significant
relationships with physical activity may mean that traditional models of
participation used for children with typical development may not be as relevant
for children with ASD. These findings underscore the need to explore the role of
physical activity on other outcomes (e.g., behaviour and cognition) rather than
only physical health outcomes, in children with ASD.

Third, changes in cognitive outcomes following physical activity may be
of particular importance for children with ASD given the widespread executive
dysfunction that is evident in the disorder (Demetriou et al., 2018). Research in
children with typical development generally points to improvements in executive
functioning following both acute (Ludyga, Gerber, Brand, Holsboer-Trachsler, &
Puhse, 2016; Verburgh, Konigs, Scherder, & Oosterlaan, 2014) and chronic (Xue,
Yang, & Huang, 2019) physical activity, with varying effects based on the type of
activity. However, very little research has explored these effects in children with

ASD. In Chapter 1, we proposed that cognition may be a critical outcome of
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physical activity in children with ASD. Indeed, findings from Chapter 5 in this
dissertation provided preliminary support for the positive effect of an acute bout
of exercise on executive functioning (an aspect of cognition) in this population.
Further, findings suggest that a circuit-based interval exercise session may elicit
greater improvements in executive functioning than more traditional aerobic
exercise.

Overall, findings from this dissertation have filled multiple gaps in the
literature regarding the role of physical activity for children with ASD. Further,
this dissertation provides preliminary support for three key pathways proposed in
our interdisciplinary framework (outlined by the dashed boxes in Figure 2).
Specifically, we found associations between motor competence, health-related
fitness, and adaptive behaviour. We also provided evidence for the acute effect of
physical activity on cognition in children with ASD. The implications and future

directions of these findings will be discussed in the subsequent sections.
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Figure 2. Evidence-supported pathways of the interdisciplinary framework of

physical activity.

Implications

Theoretical Implications

Modified model of motor competence for physical activity. One of the
objectives of this dissertation was to understand the relationships between
physical activity and physical and behavioural health variables in children with
ASD. Through this objective, an important contribution was made to the motor
development literature by applying a well-established model of motor competence
(Stodden et al., 2008), developed for typical populations, to children with ASD.
This model positions motor competence as essential for participation in physical
activity, along with improved fitness, high perceived motor competence, and a
healthy weight status. While aspects of this model have been extensively tested

(Robinson et al., 2015), little work had examined these pathways in children with
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ASD. This dissertation provided some of the first information to suggest that
many of these pathways, with the exception of the relationship between motor
competence and fitness, may not be significant for children with ASD. Beyond
simply testing these existing relationships, this dissertation also proposed and
tested a novel modification to Stodden’s model (Figure 1 in Chapter 4), wherein
adaptive behaviour moderates the relationship between motor competence and
fitness and physical activity, respectively. Our results provided partial support for
this modified model, with adaptive behaviour only moderating the association
between motor competence and fitness. Our effect modification model of the
influence of adaptive behaviour on the pathways connecting motor competence to
physical activity and health-related fitness provides an important basis from
which to move forward in the study of physical activity and motor competence for
children with ASD. Further, future research should continue to explore these
relationships through a comprehensive test of the effect modification model with a
larger sample, as well as examining the effect modification model in the context
of our interdisciplinary framework of physical activity.

Interestingly, we did not find any significant associations between our
outcomes measured in Chapter 4 and physical activity. It is possible that this is
due to limited variability in our physical activity data or because participants, on
average, were not meeting physical activity guidelines (i.e., 48.7 £ 17.1 minutes

of MVPA/day reported in Chapter 4). Further, despite a great deal of evidence,
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the strength of the relationship between motor competence and physical activity in
children with typical development is generally weak to begin with (Holfelder &
Schott, 2014). Thus, it is also possible that we simply were not powered to detect
an association between motor competence and physical activity. Conversely, the
lack of association may simply point to the need to take into account other
variables that were not measured. For example, although it was unavailable at the
time this dissertation was initiated, Arnell and colleagues (2017) recently
proposed a conditional model of participation in physical activity for children
with ASD. This conditional model is composed of five interconnected domains
including competence and confidence, motivation, adjustment to external
demands, predictability, and freedom of choice. These factors are likely important
for all children, not just those with ASD. However, it is plausible that the
weighting of each factor, particularly the need for predictability and adjustment to
external demands, may play a larger role in the ability of children with ASD to
participate in physical activity. Moreover, in reference to our interdisciplinary
framework initially presented in Chapter 1 (Figure 1), it is possible that the factors
proposed by Arnell (2017) actually have varying effects on each pathway. Future
work should continue to explore how these factors (e.g., adjustment to external
demands, predictability, etc.) influence the physical activity pathways for children

with ASD, while taking into account the associations found in this dissertation.
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Physical activity and cognition. Much like the extant literature on
physical activity in children with ASD, the findings discussed in the previous
section were largely grounded in the study of motor development. Yet, we also
provided evidence for an interaction between adaptive behaviour, motor
competence, and fitness in children with ASD. Moving beyond the motor domain,
physical activity has the potential to impact behaviour and cognition in children
with ASD and it has been hypothesized that these improvements are due to
improved executive functions (Bremer, Crozier, & Lloyd, 2016; Tan, Pooley, &
Speelman, 2016). Given the widespread executive dysfunction experienced by
children with ASD (Demetriou et al., 2018) and the role of executive functions in
virtually all aspects of behaviour (Diamond, 2013), we specifically sought to
examine if executive functions could be improved through physical activity in this
population.

Chapter 5 was an exploratory investigation into the acute effect of exercise
on executive functions and cerebral blood flow regulation in children with ASD.
In line with previous research, we hypothesized that an acute bout of exercise
would lead to increases in these variables. Indeed, findings from this study
provided preliminary support for an acute effect of exercise on executive
functions in children with ASD. Results also provided initial support for the role
of cerebral blood flow regulation as a potential factor that may contribute to

changes in executive functioning. Findings from this study also provided support
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for a circuit-based exercise session to result in greater improvements to these
areas when compared to treadmill walking. Although we did not find significant
interaction effects in this study, the effect sizes were medium to large in size,
suggestive of practical significance for this population.

There are a few possible mechanisms that could be driving these changes
in executive functions. One is that the activation of the cerebellum during exercise
led to co-activation of the prefrontal cortex, essentially “pre-activating” the brain
regions needed for the executive functioning task (Budde, VVoelcker-Rehage,
PietralRyk-Kendziorra, Ribeiro, & Tidow, 2008; Schmidt, Benzing, & Kamer,
2016). This pre-activation theory is supported by the fact that we saw greater
improvements in executive functioning following the circuit exercise, which may
have required a higher degree of cognitive engagement, in comparison to the
treadmill exercise, which may have relied more on motor processes alone. This
hypothesis is further supported by the fact that we saw an increase in oxygenated
hemoglobin in the prefrontal cortex following the circuit condition, yet virtually
no change in this outcome following the treadmill condition; suggesting that this
pre-activation effect may only be present when a certain degree of cognitive
engagement is required alongside physical activity. While we were underpowered
to investigate the indirect effect of cerebral blood flow regulation on changes in
executive functioning, we recommend that future work explore whether this

physiological change mediates changes in executive function.
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Taken together, this dissertation provides preliminary evidence that
executive functioning can be improved with an acute bout of physical activity in
children with ASD and may occur alongside an increase in cerebral blood flow
regulation. Future work should continue to explore these mechanisms along with

the effect of cognition on behavioural outcomes in this population.

Practical Implications

Feasibility. In addition to the theoretical implications of this dissertation,
there are many practical implications that may help to advance our understanding
of the role of physical activity for children with ASD. The high rates of physical
inactivity evident in children with ASD may beg the question of whether physical
activity is actually a feasible activity for this population. In other words, are
children with ASD not engaging in physical activity because they cannot; or is the
inactivity owing to other factors? Therefore, one practical implication of this
dissertation was the finding that physical activity is feasible.

Specifically, Chapter 2 demonstrated that various fitness assessments can
be completed with children with ASD with a high degree of feasibility. This is
important for future longitudinal studies of the health of children with ASD, and
intervention studies measuring the effect of physical activity interventions on
health outcomes. Further, Chapter 5 demonstrated a very high degree of feasibility

for the completion of 20-minute exercise sessions. Both the treadmill and circuit-
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based exercise sessions were completed with 100% adherence by all participants,
with the manipulation checks indicating that the exercise was completed as
intended. It is particularly relevant that all children could complete the circuit-
based workout, as this was the more ecologically valid activity of the two. Indeed,
the circuit included exercises that could be implemented in home, school, and
clinical settings. Further, these are exercises (e.g., jumping jacks and squat jumps)
that are commonly included in school daily physical activity breaks as they can be
completed within the classroom. Collectively, this dissertation demonstrated a
high degree of feasibility for different types of physical activity (e.g., fitness
assessments, aerobic activity, and interval-based activity) for children with ASD,

suggesting that these activities are suitable for the population.

Motor competence and behaviour are interrelated. In addition to high
rates of physical inactivity (Jones et al., 2017), children with ASD also experience
low levels of motor competence (Fournier et al., 2010) . Yet, to-date we have had
little information on how these variables are related to one another. The presence
and direction of the relationships between these variables may impact the
planning and delivery of physical activity interventions. In addition, it is also
critical to explore how behavioural functioning may impact these associations, as
behavioural characteristics of ASD are typically the primary focus of intervention.

Therefore, another practical implication of this dissertation was establishing the
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importance of motor competence for the behavioural and physical health of
children with ASD. We found that motor and adaptive behaviour were positively
associated and that adaptive behaviour moderated the association between motor
competence and fitness. Further, this moderation was apparent at a relatively low
level of adaptive behaviour (i.e., over one standard deviation below the mean;
Chapter 4), suggesting the importance of motor competence for virtually all
children with ASD, regardless of level of behavioural functioning.

This relationship may have many practical implications for children with
ASD. One is that it points to the importance of specifically targeting motor
competence, through intervention, as this may provide children with the physical
skills needed to engage in a number of positive, prosocial, daily behaviours.
Developing competence in motor skills may help to ease many of the social and
behavioural difficulties experienced by children with ASD. Improving fine motor
abilities can assist with dressing, feeding, and academic activities. Developing
competence in gross motor skills can provide an opportunity for children to
participate in active play and recreational activities. Further, a general degree of
motor coordination is necessary for children to simply navigate their environment
in a sufficient manner. It is imperative that children, particularly those of school
age, have the motor competence to engage in these activities at an age-appropriate
level. Children who are performing at a level below their peers may be more

likely to drop out of activities; thus, limiting any future opportunities for skill
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development (Wall, 2004). For a child with ASD who already has difficulty with
social interactions this potential for further withdrawal could have drastic
implications for their social development.

Previous research has demonstrated that motor skills can be improved
through physical activity-based interventions in children with ASD (Colombo-
Dougovito & Block, 2019). Moreover, targeted motor skill interventions have also
shown positive improvements to aspects of adaptive behaviour and social skills,
in addition to improvements in motor skills (Bremer, Balogh, & Lloyd, 2015;
Bremer & Lloyd, 2016; Ketcheson, Hauck, & Ulrich, 2017). In contrast, there is
no evidence that behavioural interventions result in simultaneous improvements to
the motor domain. As such, providing increased access to motor skill
interventions for children with ASD may provide benefits beyond the motor

domain.

Intervening through physical activity. In addition to improved physical
health outcomes, participation in physical activity may also provide additional
benefits for children with ASD. For example, physical activity can lead to
improved cognition, including executive functions and measures of academic
achievement, in children with typical development (Alvarez-Bueno, Pesce,
Cavero-Redondo, Sanchez-Ldpez, Garrido-Miguel, et al., 2017; Alvarez-Bueno,

Pesce, Cavero-Redondo, Sanchez-Ldépez, Martinez-Hortelano, et al., 2017).
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Previous research in children with ASD has also provided preliminary support for
these effects (Bremer et al., 2016; Tan et al., 2016); however, these findings have
been limited. Developing an understanding of how physical activity can be used
to address the behavioural challenges experienced by children with ASD may help
to provide additional options to augment current treatment practices. Yet, in order
to influence future treatment practices, we must first understand how physical
activity may elicit change in this population.

Chapter 5 provided preliminary support that an acute circuit-based
exercise session may result in greater benefits than more traditional aerobic
exercise in regard to improvements in executive functioning. This finding may
have many practical implications for intervention planning moving forward. The
circuit-based workout was considered more ecologically valid as it included
activities that could be completed in a home, school, or clinical setting. As such,
these activities may be able to be implemented as part of a more traditional
treatment program for children with ASD. For example, providing a brief exercise
bout to children with ASD prior to a traditional behavioural therapy session may
improve aspects of their executive functions (e.g., inhibitory control) during the
session and could lead to improved treatment outcomes. Likewise, providing
exercise breaks in the middle of treatment sessions, or throughout the school day,
may also have similar beneficial effects on treatment and academic outcomes.

However, much more research is needed regarding the acute effects of exercise on
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executive functions in children with ASD, in addition to how these improvements

may relate to behavioural outcomes including social and communicative skills.

Limitations

Guided by an interdisciplinary framework, this dissertation addressed
multiple gaps in the literature and built on our understanding of the importance of
physical activity for children with ASD. Nonetheless, there are still limitations to
this body of work. One limitation is the relatively small sample of children from
which these findings were based. For example, Chapters 2-4 were derived from
one larger study of the same participants. Recruitment of children with ASD for
physical activity-based studies is challenging due to generally low prevalence of
the condition and a lack of interest in physical activity for this population. This
larger study was, however, designed with the intent of assessing multiple
outcomes (i.e., reliability of fitness assessments along with associations between
health and behavioural outcomes). Further, that the studies included in this
dissertation still found both statistically significant and clinically meaningful
findings, despite small sample sizes, adds further strength to the importance of
physical activity-based research and programming for children with ASD.

A second limitation stems from our inability to measure all potential
correlates and outcomes of physical activity. For instance, Stodden’s model

includes perceived motor competence as another important factor related to both
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physical activity and actual motor competence (Stodden et al., 2008). We are,
however, unaware of any valid measures of perceived motor competence for
children with ASD. Similarly, we did not measure external demands (e.qg.,
environmental and social factors) that may influence physical activity in our
participants (Arnell et al., 2017). This was simply beyond the scope of resources
available at the onset of this dissertation given the myriad of variables that could
be correlates and/or outcomes of physical activity. These results are however
strengthened by the inclusion of valid measures of physical activity, fitness, motor
competence, and behavioural functioning, within the same set of studies.

Third, each of the studies were completed in a lab setting, potentially
limiting their ecological validity. While this may not be as much of an issue for
Chapters 2 and 3, the ecological validity of our findings may be more relevant for
Chapters 4 and 5. In particular, it will be important that future work continue to
examine the associations between physical activity, health, behaviour, and
cognition by employing prospective longitudinal cohort studies, in order to see
how these variables interact with each other over time and in the context of
environmental constraints. Results from Chapter 5 provided preliminary evidence
of the acute effect of different types of exercise on executive functioning in
children with ASD. It was important that this work be completed in a lab setting
in order to determine the efficacy of this work. Moving forward, it is critical that

these results not only be replicated in lab-based studies, but are built upon in other
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environments, including home, school, and clinical settings. This study was
strengthened by the inclusion of two different types of exercise, with the circuit-
based exercise likely representing a much more ecologically valid type of activity
than the treadmill walking. Moreover, the one-on-one nature of the exercise
session was similar to the format of typical behavioural therapy for children with

ASD, which may speak to the transferability of this work into a clinical setting.

Future Directions

Future research should build on the findings from this dissertation by
comprehensively testing all of the pathways presented in our interdisciplinary
framework (Figure 1). In order to further our understanding of these pathways,
researchers should prospectively track the associations found in Chapters 3 and 4
over time in a large cohort of children with ASD. This will help to build on our
understanding of how these physical health and behavioural variables interact in
this population. Further, a large sample will help to either confirm our finding that
there was no relationship between motor competence, fitness, and physical
activity; or will be able to provide support for this relationship. The relationships
between these predictor and outcome variables with physical activity should also
be explored through experimental studies. For example, physical activity-based
motor skill interventions for children with ASD should measure outcomes beyond

the motor domain including physical activity, fitness, adaptive behaviour, and
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cognition, among others. Similarly, interventions for children with ASD should be
intentional in their design, deliberately targeting multiple domains of health,
behaviour, and cognition through a single intervention.

Another future direction of this work is to replicate the findings from the
acute exercise study, using a larger sample of participants and multiple measures
of executive functioning. A larger sample would enable researchers to investigate
some of the potential mediating pathways (e.g., cerebral blood flow regulation)
that may lead to changes in executive functioning. Including measures of working
memory and cognitive flexibility, in addition to inhibitory control, would further
our understanding of these effects. In addition to the replication of these acute
findings, it is also important that future work begin to examine both the acute and
chronic effects of physical activity on executive functions in clinical, community,
and school settings. A logical next step would then be to explore how changes in
executive function mediate change in behavioural outcomes (e.g., social
communicative skills) for children with ASD.

Lastly, future work should explore how physical activity can be effectively
embedded into regular treatment strategies for children with ASD. Physical
activity programs are relatively inexpensive, do not require intensive work with
expert providers, and may be completed in home, community, and clinical
settings. When used in combination with other services, physical activity may

prove complementary and the risk of adverse events is low. Moreover, even if
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executive functions and behaviour do not improve, the principal side effect may
be improved physical health. Therefore, it may prove beneficial to provide
children with ASD access to physical activity-based programming, both while on
the waitlist for other services and to augment on-going treatment. However, the
ability to provide such services and the effect on treatment outcomes needs to be

examined.

Conclusion

This dissertation employed a series of studies, guided by an
interdisciplinary framework, to establish foundational knowledge regarding the
correlates and outcomes of physical activity for children with ASD, with the
overarching goal of understanding how we can use physical activity as an
intervention for this population. Collectively, these studies advanced our
knowledge in a number of important ways. First, the feasibility and reliability of
common fitness assessments was established as our ability to measure changes in
fitness relies on our ability to be able to reliably assess it. Next, this dissertation
established the importance of adaptive behaviour for the physical health of
children with ASD, finding a positive relationship between motor competence and
adaptive behaviour, as well as a moderating role of adaptive behaviour in the
relationship between motor competence and fitness. Lastly, we provided

preliminary support for improved executive functioning and cerebral blood flow
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regulation following an acute exercise session in children with ASD, with greater
effects following a circuit-based exercise session. Together, these findings
highlight the role of physical activity in the health, behaviour, and cognitive

functioning of children with ASD.
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License.
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License grant.
1. Subject to the terms and conditions of this Public License, the Licensor hereby grants You a worldwide, royalty-free,
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1. reproduce and Share the Licensed Matenal, in whole or in part; and

2. produce, reproduce, and Share Adapted Material.

2 Exceptions and Limitations. For the avoidance of doubt, where Exceptions and Limitations apply to Your use, this
Public License does not apply, and You do not need to comply with its terms and conditions.

3 Temmn. The term of this Public License is specified in Section 6(a).

4 Media and formats: technical modifications allowed. The Licensor authorizes You to exercise the Licensed Rights in all
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Section 2(a)(4) never produces Adapted Material.
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reasonable manner requested by the Licensor (including by pseudonym if designated);

2. a copyright notice;
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3. indicate the Licensed Material is licensed under this Public License, and include the text of, or the URI or hyperlink

to, this Public License.
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Section 4 - Sui Generis Database Rights.
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1. for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and Share all or a substantial
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3. You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the conterts of the
database.

For the avoidance of douby, this Section 4 supplements and does not replace Your obligations under this Public License
where the Licensed Rights include other Copyright and Similar Rights.
Section 5 — Disclaimer of Warranties and Limitation of Liability.

1. Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor offers the Licensed

Material as-is and as-available, and kes no rep tations or warranties of any kind conc ing the Lic d
Material, whether express, implied, statutory, or other. This |ncludes, without limitation, warranties of title,
merchantability, fithess for a particular purpose, non-infring , ab of latent or other defects, accuracy,
or the presence or absence of errors, whether or not known or discoverable, Where disclai of war ies are

not allowed in full or in part, this disclaimer may not apply to You.

2. To the extent possible, in no event will the Licensor be liable to You on any legal theory (including, without
limitation, negligence) or otherwise for any dlrecl special, indirect, incidental, consequential, punitive,
exemplary, or other | , costs, ex ,ord g ising out of this Public License or use of the Licensed
Material, even if the Licensor has been advised of the possibilrly of such | , costs, ord

Where a limitation of liability is not allowed in full or in part, this limitation may not applyto You.

3. The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that, to the extent
possible, most closely approximates an absolute disclaimer and waiver of all liability.

Section & — Term and Termination.

1. This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if You fail to comply
with this Public License, then Your rights under this Public License terminate automatically.

2. Where Your right to use the Licensed Material has terminated under Section G(a), it reinstates:

1. automatically as of the date the violation is cured, provided it is cured within 30 days of Your discovery of the violation,
or

2 upon express reinstatement by the Licensor.

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to seek remedies for Your
violations of this Public License.

3. For the avoidance of doubt, the Licensor may also offer the Licensed Matenal under separate terms or conditions or stop
distributing the Licensed Material at any time; however, doing so will not terminate this Public License.

B

Sections 1, 5, 6, 7, and 8 survive termination of this Public License.

Section 7 — Other Terms and Conditions.

1. The Licensor shall not be bound by any additional or different terms or conditions communicated by You unless expressly
agreed.

2, Any arrangements, understandings, or agreements regarding the Licensed Material not stated herein are separate from
and independent of the terms and conditions of this Public License.

Section 8 — Interpretation.

1. For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit, restrict, or impose
conditions on any use of the Licensed Material that could lawfully be made without permissicn under this Public License.

2. To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be automatically reformed
to the minimum extent necessary to make it enforceable. If the provision cannot be reformed, it shall be severed from this
Public License without affecting the enforceability of the remaining terms and conditions.
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3. No term or condition of this Public License will be waived and no failure to comply consented to unless expressly agreed
to by the Licensor.

4. Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver cf, any privileges and
immunities that apply to the Licensor or You, including from the legal processes of any jurisdiction or authority.

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect to apply one of its
public licenses to material it publishes and in those instances will be considered the “Licensor.” The text of the Creative
Commons public licenses is dedicated to the public domain under the CCO Public Domain Dedication. Except for the limited
purpose of indicating that material is shared under a Creative Commons public license or as otherwise permitted by the
Creative Commons policies published at creativecommons.org/policies, Creative Commons does not authorize the use of the
trademark “Creative Commons” or any other trademark or logo of Creative Commons without its prior written consent
including, without limitation, in connection with any unauthorized modifications to any of its public licerses or any other
arrangements, understandings, or agreements concemning use of licensed material. For the avoidance of doubt, this
paragraph does not form part of the public licenses

Creative Commons may be contacted at creativecommons.ora,

Additional languages available: Bahasa Indonesia, euskara, Deutsch, Espariol, frangais, hrvatski, italiano, latviski, L|etu»|u
Nederlands, norsk, polski, portugués, suomeksi, svenska, te reo Maori, Turkge, EANVIKG, pycckiil, yrkpaiHcska, sl |
Please read the FAQ for more information about official l.anslahons.
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