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ABSTRACT
Leslie Carol Fox: RysicalActivity and AdolescenGirls With ASD: Effects of an
Individualized Exercise Program on Cognitive, Sqg@ald PhysicaHealth Indicators
(Under the direction of Samuel L. Odom)

Physical activity, specifically aerobic exercise, has been associatednpitived
cognitive performance in both children and adults. Due to challenges with attention, maqtivation
and organization, adolescents with Autism Spectrum Disorder (ASD) may require unique
supports and specific learning strategies in order to engageammended aerobic exercise
practices and receive the associated health and cognitive benefits. Three adolescent girls with
ASD patrticipated in &week individualized exercise program as part of a multiakeeline
singlecase design study to explorg {ae effects of an individualized exercise plan on the
duration of physical activity and amount of time participants engage in modiesatprous
aerobic exercis€b) the performance of participants on two executive function tasksual
processingeed and verbal working memady prior to and after moderate-vigorous aerobic
activity, and (c) the strategies and supports necessary to facilitate and sustain safe and consistent
aerobic activity for adolescents with ASD. The results indicate thaahgsipports and
individualized work systems paired with the systematic monitoring of heart rate are effective
tools to introduce and sustain modett@eigorous aerobic physical activity. Participants
reported increased interest in exercise and abditarryout a customized exercise plan with

minimal to no adult assistance.
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Chapter 1
Introduction
Introduction and Review of Literature
Childhood obesity and its effects have gained atteffiteom public health andducation
researchersever the pas?0 yearsdue to rising prevalence and increased media attenfiba.
Centers for Disease Control and Prevent©BC, 2010)defines overweight as a body mass
index (BMI) at or above the 8%ercentile and lower than the"™percentile and obese at or
above the 98 percentileon age and gender specific CDC growth charts. Body mass index is
calcul ated based on a childodés height and weig
weight ranges that are greater than is generally considered healthy for a given height and
increase the likelihood of adverse health conditiofise CDCreports an estimated 10.4% of
children2to 5 yearsold, 19.8% of childre® to 11 years, and 18.1% of adescentsl2to 19
years are overweigl{€DC, 2010) In addition,obesity rates for children with disabilities are
38% higher than for children without disabilities. Individuals with Autism Spectrum Disorder
(ASD) have the highest rate of overweight abesity within the disability population at
approximately 32%. Furthermore, in a recently study of the prevalence of weight concerns for
individuals with disabilities it was reported that adolescents with ASD were two times more
likely to be obese than alkscents without disabilities (Phillips, et al., 2014).
In response to these staggg statisticsthe National Association for Sport and Physical

Education(NASPE)issued agepecific physical activity guideles for children in kindergarten



through12th grade whichwerelateradopted and endorsed by BBC. In addition to muscle
and bone strengthening activities, thedelines for aerobic activity fahildren and adolescents
recommend0 minutesor more of physical activity each day with vigoreagensity physical
activity level sustained at lea3tays a week (CDC, 2010). Unfortunatetlye most recent
national Youth Risk Behavior Surv¢YRBS) that monitors health risk behaviors of students in
9th to 12thgrade reported that only 51.8% of surveyed students attended PE classes on one or
more days in an average week while in schoollesslthan a thir@R8.7%)of surveyed students
met the daily recommendation of 60 minuteploydcal activity (CDC, 2012 NASPE, 201D

Physical activity guidelines serv®t only to combat rising obesity rates but dtso
promote the many physichkalth and psychological benefits associated with physical activity
and exerciseThe benefits ophysical activityfor children and adolescents are wacumented
and include improved mental hea(thg, positive seesteem)cardiovascudr and muscular
fitness, greateability to do tasks of daily life, improved sleep patterns, lower body fat, stronger
bones, redusd symptoms of anxiety and depression, and increased chance of a healthy
adulthood (U.S. Department of Health and Human Serjig8®HHS], 2008). Aerobic
exercise is a form of physical activity that creates an increased demand by the body for oxygen
overan extended period of ti me. Regul ar aerobi
oxygen from air and transfer it through the lungs and blood to working muscles (Gladwin, 2010).
An activity is consider@ to be moderate to vigoroustiitan be sstained for at least five
minutes without fatigue yet requires an elevated heartBakavioral indicators of moderate to
vigorous physical activity include increased breathing and sweating. Heart rate monitoring is a
best practice recommendation for@w®c exercise programs (Gladwin, 2010). It is an objective,
relatively accurate method to estimate energy expenditure and physical activity intensity for
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children and adolescents as well as adults (Janz, Golden, Hansen & Mahoney, 1992; Karvonen &
Vuorimaa, 1988; Strath, et al., 2000). Calculating the heart rate parameters for moderate to
vigorous aerobic activity is traditionally performed using the equatiora@2do estimate an
individual 6s heart rate max ( HRmeprpposed However
variations to this formula citing that it underestimates the HRmax for children and adolescents
(Gladwin, 2010). Although the cutff points for aerobic intensity vary depending on the formula

used to calculate HRmax, moderate aerobic actisigenerally considered to begin at@&6

HRmax and vigorous intensity is approximately&8% HRmax.

Accurately identifying and measuring aerobic intensity is important because different
levels of intensity are associated with different healthfaéinelss outcomes. Physical activity,
where an i ndi viitliuatdrgetzond & moderatertigotods aarabic imensity
three times a week for 30 minutes each session, is associated with improvements in aerobic
capacity and maintaining weigfor persons at all fitness levels. However, to meet weight loss or
athletic training goals it is necessary to increase either the frequency or duration of aerobic
exercise (Haskell, et al., 2007). In a systematic review of 850 research stupiiegams
promoting moderate taigorous physical activity with schoalge children, children and youth
that were overweight or obese were more likely to experience weight loss followingpgdiditi
in a supervised moderateugorous exercise program; arnbdpse at both normal and
overweight/obese body weight had lower scores on anxiety and depression scales (Strong, et al.,
2005). The authors also identified characteristics of effective programs. These elements included
a frequency of at least three dayseek, duration of 30 or more minutes, and continuous

exercise was performed at 80% maximum heart rate (HRmax) (Strong, et al., 2005).



In spite of the described benefits, a report issued by Special Olympics of North America
stated that 45% of adults and 32% of youth athlMetdsspecial needare identified as obese
(Mersereau, 2011)Individuals with disabilities may be less likely to engage in regular physical
activity and health behavior practices and find it difficalstistain healthy eating behaviors due
to challenges with swallowing/eating, food tastedtexture preferences. hi¥dren and
adolescentwith ASD may be at increased ris@&r physical inactivity and ithealth
consequences due to thfaetors frequenyl associated with this population:

1. pharmacological therapies

2. motor impairments

3. reducedpportunitiego participate in sports anghysical recreation activities
Physical Activity and Autism Spectrum Disorder

Autism spectrum disordea lifelongdevelopmental disabilitygffects 1 in 88 children
under the age of eighAutism spectrum disordés characterized by deficits in social
communication and social interaction as well as restricted, repetitive behaviors, interests
activities (AmericarPsychiatric Association, 2013ommonco-morbid conditions include
anxiety, attention deficits, depressiamd compulsive disorder®harmacologic interventions
typically prescribed to treat these associated disorders afftect appetitecauseweight gain,
andreduceenergy levels (CDC, 20081atson & Hess, 201Pan & Frey, 2006

In addition to social, communicatipand behavior concerns, many individuals with ASD
have motor difficulties that affechysical activity Evidencesuggestshat children with ASD
have difficulty with goaldirected locomotiorhalance, postural stability, joint flexibility,
movement planningnd speedoewalking, and unusual gait patterns that create significant
limitations on theiability to successfullyarticipate in physical activitgBarrow, Jaworski, &
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Accardo, 2011; Esposito & Venuti, 200Bnsiewie et al., 2006L.onguet, FerreChapus,
Oreve, Chamot, & Vernazadartin, 2012; Ming, Brimacombe, & Wagner, 200Minshew,
Sung, Jones& Furman, 2003 The presence, typand seerity of motor impairment vary
significantly among childreand adolescents with ASD. However, these impairments place
individuals at risk for a sedentary lifestyle and poor health outcQadeSHHS, 2008

Individuals withASD may demonstrate greater difficulty with participation in both
organized physical activity programs and community sports and leisure opportdunéies
restricted interests and challenges with samahmunication Access and participation may be
inhibited because othallenges with social dynamics and interpersonal skills within group
contexts Children agesi713 with ASD reported participating in significantly fewer recreational
physical activities by more tha20% difference coared to peers witdut ASD (Povtin, Snider,
Prelock Kehayia,& Wood-Dauphinee2013). This difference highlights the importance of
understanithg factors that impede participation inoramunitylevel programs Described below
are (a) barriers and facilitators to physiaetivity and (b) physical activity patterns and
behaviors of children with ASD

Barriers and facilitators. Obrusnikova and Cavalier (2011) investigated-gkdhtified
barriers and facilitators to physical activity and exercise for individuals with &SD
intrapersonal, interpersonabmmurity, andinstitutional levels Results indicatedormal and
informal social networks and support systems influenced access and participation in physical
activity. These support systems included the availabilitynahaercise partner and family
attitudes toward physical activityntrapersonal factors, considered unique to the indivjdual
includedpreviously described atypical motor skills in addition to low energy levels and
sensitivity to the exercise environmé@iyurcsik, Spink, Bray, Chad, & Kwan, 2006;
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Obrusnikova & Cavalier, 2011)sychsocial factors such as motivation, persistence, &af
feelings of selfefficacy weresome of the identified barriers afatilitators (Shields, Synott, &
Barr, 2012). Community and institutional factors that affected adolescents with ASD and their
ability to engage in physical activity included transportation needs, availability and access to
parks and recreation facilities, and competing time commitments such as hérmassigned for
school and medical appointments.

The challenges thus far described are due to diagnostic featk8® that affect skill
andability as well asocicecologicalfactors that affect opportunitiés engage in exercise,
sports and other pissical recreation activitiesHowever it is a normal developmental trajectory
for children to decrease their levels of physical activity as thaye into adolescence (CDC
2010 USDHHS, 2011) This changes often a result o& natural reduction inpportunities for
physical activityassociateavith age due to the decline of recess and physical education classes
in school settings (Cawley, Meyerhoefer, & Newhouse, 2MatDonald, Espositio, & Ulrich,
201]). Researchers have examirtadphysical activity patterns of children aadolescents
with ASD to distinguishwhich behaviors are consistent with typical groatiddevelopmental
transitions and which amorelikely to affect individuals with ASDthuswarranting targeted
health promtion and intervention efforts.

Physicalactivity patterns andbehaviors Many children and adolescents with ASD
have fewer opportunities for organized physical play, spamnis$ exercisebut researchers have
studied theactivity patterns of those whip engage in physical activity and compared the type,
setting,andlevel or intensity of activity to peers without ASDhis is a shift in focus as
previous atdies conducted with childremith ASD focused on two primary topics of interest: a)
the development of specific motor skills and abilities (Hayakawa & Kobayashi, 2011; Pan, 2010)
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andb) the identification of atypical neuromotor patteassndicators of ASD (Barrow et al.,
2011; Espsito & Venuti, 2008; Espositio, Venuti, Apicella, & Muratori, 2011; Nayate et al.,
2012; VernazzaMartin et al., 2005) The methods used tefine and measw@rphysical activity
included self-report questionnaires, direct observatiand use of devices slu as accelerometers
and hearrate monitors (Sylvia, Bernstein, Hubbard, Keating, & Anderson, 201H4g.
parameters for different levels of physical activity varied across the studies but were
operationally defined to describe high, moderatdight adivity on the basis ahe

measurement deviceglected for useComparisons of the activity levels between children with
ASD and peers without ASD have yielded inconsistent findiidggese studiebave included

both schoclge children and adolescemtghe research samples.

RosserSandt and Frey (2005) found physical activity levels of elementary age children
with and without ASD wereimilar during recessBehaviors and patterns associated with higher
physical activity levels incluakthe presencef@eers (Fox & Riddoch, 2000) and social
engagement with adults (Pan, 201@hysical activity decreased with ageanother study of
children with ASD (MacDonaldet al, 2011). Macdonald and colleagues (2011) fotlnedtype
of physical activityin whicholder childrenengagedvasat a light to moderate intensity
compared to thenoderate to vigorous intensity common in early childhastlidying30 youth
ages 1019 years oldPan and Frey (2006)und that participants with ASD met minimum
activity recommendations but were overall less adiiee the intensity was ligler or the
activity frequency was lowethan their peers without ASCHowever, less than half of their
participants were modately active on a regular bagmsgh school age participants were
particularly inactive compared younger participants with amdthout ASD, andparticipation
in extracurricular activities (i.enonschool sponsored) was vdimited.
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In summarypnly a limited number of studiesith mixedresultsexistto explainwhether
children and adolescentsth ASD aregenerallyless activeor if activity behaviors arenore
likely affected byfewer opportunities to engage in physical activity than peghout ASD. As
a resultresearchers consistently advocate for an organized apgoosepporting th@hysical
activity of individuals with ASD, particularladolescentéFox & Riddoch, 2000; Pan & Frey,
2006). Defining, measuringand facilitatingdiff erentlevels of physical activitguration and
intensitytakeon greater importance when exercsg@portanot only physical health and well
beingbutalsoeducational, behaviorand cognitive outcomes

Physicalactivity and cognitive performance. In recent studies, empirical findings
support a positive association between physical activity and performance on cognitive tasks in
both schoclge and adult populations (Best, 2010). Researchers suggest that physical activity
positively alters the neurolaml structures of the brain associated with memory, visual
processing speednd attention by increasing the secretions of neurotrophins that aid attention,
alleviate stressand exert calming influences (Best, 2010; Chaddock, Hillman, Bu€lohen,

201]). The complex biological processes that connect physical activity to cognitive ability are
not fully understood. Nevertheless, two regions of interest to neurocognitive researchers are the
hippocampus and the frontal lobe/prefrontal cortex.

Overview of neuroanatomy. The blueprint for the maturation of neural structures is
determined by genetic mechanisms that are responsive and reactive to environmental forces. By
the end of the firsh weeks of pregnancy the neural tube has closed and the brain is a
distinguishable organCellular proliferation and migration occur rapidly and@yonths
gestation, barring insult or injury, the adult quantity of neurons is largely achieved. The central
nervous system continues to develop in overlapping stagesadutilevels of synapses not
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reached until adolescencKey processes include synaptogenesis (the formation of synapses
characterized by overproduction and then elimination) and myelination (the insulation of axons
to quicken conduction of informationphysical exercise is associated with increased cerebral
blood flow and positive changes in dendrites and cell formation (neurogenesis) (Verburgh,
Konigs, Scherder, & Oosterlaan, 2013).

The hippocampus is responsible for the formation and retrieval oftdsngmemories.
Exercisehas been found to [@ssociated with preserved cognitive functions and hippocampal
volume in elderly populations (Gmmbeet al., 2006; Erickson et al., 2009; Krane¢ial, 1999.

Some researchers have investigated the role of Brain Derived Neurotrophic Factor (BDNF) on
the hippocampus. It was associated with cellular neuroplasticity in the hippocampus with higher
levels of BDNF identified in physically active rats compared ta tbeilentary cauterparts
(GomezPinella, Ying, Roy, Molteni & Edgertqr2002). In addition to BDNF, acute aerobic
exercise raises the levels of the neurotransmitters dopamine, seratdniorepinephrine

(Cotman & Berchtold2002). These neurotranseits affect a cluster of abilities that occur in

the frontal lobe and prefrontal cortex called Executive FunclieR¥

Physical activity and executive functionsExecutive functions an umbrella term for a
series of different skills that mature acdaglto different developmental trajectories
(Liebermann, Giesbrecht, & Miller,2007) Consi dered W@AdAhigher ordero
include directed and sustained attention, planning and organizing, sequencing, working memory,
false belief/theory of nmd, response inhibition, fluid cognition, processing speed, hypothesis
testing, and impulse control. A growing body of research indicates performance on EF tasks
corresponds with gratl spurts in the frontal lobd. has been hypothesized that aerobic eser
not only improves cardiovascular fitness, but by increasing cerebral blood flow anthstign

9



the release of BDNFgther hormoneandneurotransmitters, tharain structures responsible for
supporting EFare also positively altered (Albinet, BoucaBbuquet, & Audiffren, 2010).
Executive functions are orchestrated by the prefrontal catekmany are well
established biindergarten. The precursorsEé are evident in infancy. Certain EF abilities
regularly associated with se#gulation in edy childhood include initiation and sustainment of
attention, response inhibition, and false beliefiese are distinct constructs with moderate
correlation among theyet each contributes to school readiness and su(kess 2002, 2003;
Blair & Razza, 2007; Carlson & Moses, 2001; Carlson, Moses, & Claxton, 2004; Spratt et al.,
2012) Blair and colleagues examined relationships between EF and behavioral regulation with
associations identified for aspects of school readiness including early matisefetitc
recognition and social competengBlair, 2002, 2003; Blair & tamond, 2008
Diamondhasextenadthe association between biological processes and school success
(Diamond, 2011; Diamond & Baddeley, 1996; Diamond & Taylor, 19%3)e arguethe
existence othree cor&eF from which the otherextend and evolve. These amhibitory
control, working memory (the ability to hold information in the mind in order to mentally
manipulate ideas), and cognitive flexibility (the ability to chapgespectives or focus of
attertion to problenmsolve)(Diamond, 2011) She posits that the development and integration of
these abilities is the product of biological and environmental faet@king their robust use in
learning environmentgrominent isges in both health and educatiobiamond advocates for
early experiences that reduce stress and improve physical fitness in order to facilitateEfptimal
development.She encourages parents and caregivers to give children opportunities to exercise

andchallengeEF, suggesting dance, yoga, and tai chi as possible activities.
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However, limited informatiois availabld o gui de fihow mucho exerc
it must take place for changes in EF to occuill nkan, SnookandJerome (2008and
Tomporowskj Davis, Miller, and Naglieri(2008 have each suggested dosapes these
recommendations are not supported byteader research availablgn a metaanalysis
conducted by Verburgh and colleagues (2013) on physical exercigg~amgreadolescent
children, adolescentand young adults, chronic or lotgrm physical activity was not
associated with change in EF performance but positive effects were identified for all three age
groups on behavioral inhibition immediately followiagercise.Although a clear dose
relationship response between aerobic activity and cognitive performance has not been
established, aerobic activity may mediate cognitive benefits such as cognitive flexibility,
information processing and selective attemtiath some populations showing greater benefit
than others (Albinet, et al, 2010). There is not an established base of research literature that
examines the effects of aerobic activity on EF for adolescents with ASD or intellectual
disabilities. HoweverSmithet al., (2010) conducted a metaalysis of 29 random control trial
studies of aerobic exercise training and adult EF performance. Their findings support a positive
association between aerobic activity and attention, processing speed, and niEmeogyis also
a strong literature base supporting the use of aerobic exercise to enhance EF abilities with aging
populations with cognitive impairments related to neurodegenerative disorders such as
Al zhei mer6s (Heyn, Abr eu, nt&on@tbtlduerdcygtashker , 2004
switching and memory tasks were reported for adults with mild cognitive impairments following
a sixmonthaerobic exercise program when activities increaséde par t i ci pant s o6 he

85% heart rate reserve (Baker, let2010).
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Issues related to EF measurenmanstalsobe considered when evaluating thieefs of
exercise.Executive functionsire a cluster dadbilities that develop and mature over tjraed
methodological differencdsr their evaluation withintsidies are prevalent (Hill, 20D4 These
differences mayncludeboththe EF construct assessed and the manner in which it is measured.
Most EF assessment involves the presentation of a task or puzzle to be completed, correctly,
within a specified time. Common assessments include the EnkSankerTask to measure
executive control, Tower of London Task to assess planB8ingop test to gauge response
inhibition, and the Wisconsin Card Sorting Task to evaluate mental flexibilihese measures
are irdividually administered by researchers to participants. Additional measures include paper
andpencil taskgrom normreferenced intelligence assessments as well as behavioral inventories
such as the BRIEF (Gioia, Isquith, G&Kenworthy, 2000) Many ofthese assessments draw
upon both EF and nelBF processesnaking interpretation aheresultsdifficult. Therefoe,
assessors may documéimé number of correct/incorrect responsigtors affectingattention to
the task, angroblemsolvingstrategiego inform interpretations and recommendations based on
the results (Anderson, 2002).

As presented thus far a theoretical base from both neurological and developmental
perspectives suppentesearch on the effects of exercise on EF. There arergtpsknowledge
for issuessuchasthe intensity of exercise needed to achieve effastsvell which EF abilities
are most affected. These issues highlight the importance of accurate measurements sensitive to
both changes in performance as well asdgvelopmental abilities of participantsdemonstrate
EF skills undetesting conditionsNeverthelesgncreased aerobic cagity is associated with
higherperformance oiiF tasks requiring attention, working memgpayd response speed (Best,
2010). The changesn EF performancattributed to exercise have directed researcher attention
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to some populations within special education classiionsto explore the strategic use of
physical activity tadevelop and suppoEF.

Executive functions and ASD Executive dysfunction has been identifiacseveral
neurodevelopmental disordersghimding ASD Robinson Goddard, Dritschel, Wisley, &
Howlin, 2009;Russell, 1997)Although not a primary diagnostic feature, many individuats wi
ASD have difficulty wih EF, causing challenges to learning and school sucdess. Hi | ) 6 s
review of the EF and ASD literature, EF abilitiesre categorized into five owanching
domains: planning, inhibition, generativity, mental flexibili;d seKmonitoring. Some of
these are more likely to impact behavior and academic engagevhentastherssuch as poor
reasoning abilityand reduced working memoayfect specific learning domains sucheasly
literacy and math skillsAnderson, 20R; Denham, Warre#Khot, Bassett, Wyatt, & Perna
2012. Executive functiorabilities and effortful control are necessary for planning, problem
solving, selfmonitoring and reducing impulsive behavi(Berger Kofman, Livneh, & Henik
2007) In Robinsomand colleague$2009) study of EF and ASD, children with ASD, age$®8
years old, made moperseverativeesponses, had poorer behavior inhibition, and violated more
rules of the tasks compared to their typicalBveloping matched peers. The results of this study
did notdemonstratstatisticallysignificant differences between thesmtgroups when
evaluding scores on the EF taskait the practical differences suggest qualitatively different
outoomesfor children with ASD.For example if children with ASD violate the rules of the game
more frequently than their neRSD peers or have difficulty controlignimpulses that interfere
with activities, they may be excluded or have fewer opportunities to participate.

Response inhibition, processing spest spatial working emory were impaired for
individuals with ASD, agesi@®3 years, compared to matched peei@nother study of EF
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abilities(Luna, Doll, Hegedus, Minshe®. Sweeney, 2007)Inhibitory contro| an EF ability
that is frequently studieds associated with individual differences in attention, memory, reading
comprehensiorand theory of mindgCatson et al., 2004) The ability to control impulses and
use cognitive strategies to engage with others was associated with peer acceptance and likeability
in school setting¢Eisenberg, Valiente&& Eggum 2010; Shonkoff &8Varshall 2000)
Therefore thedifficulties individuals with ASD have with sociabmmunication paired with
challenges in EF may significantly impact psychosocial developroemitributing todepression
and anxiety, twa@o-morbid conditions frequently identified in adolescents with ASD
(GhaziuddinGhaziuddin, & Greder2002 White, Oswald, Ollendigk& Scahill, 2009.

In response tthe challenges children and youth with ASD often have regulating
attention and behavi@nd the positive effects of physical activity on, Bte use oéxercise as
an intervention emerged as a field of research. The strategic use of exercise as anevidence
based intervention to support academic, behavianal physical outcomes for children and
youth will next be described.
Exerciseasan Intervention for ASD

In a recent review of interventions for children and youth with ASD, six exercise studies
met an established criterion as evidebased (Wong et al., 2013). These studies utilized either
group or single case designs to establish experimentabtantt comparison of effects.
However they vary with regartb the target outcomes expected as a result of exerbige.
studies evaluated the effects of group swimming programs to increase the specific motor skills
and abilities of children with ASD a@nmprove performance on fithess measufésur studies
used exercise as an interventioraddress behaviors that asociated with learning outcomes

These outcomes included increased academic engagement and respondingsasdusied
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incidents ofself-stimulatory and other challenging behaviors that interfered with attention and
academic engagement. Each study will next be described with attention directed to the study
sample, intervention characteristics, and measured outcomes.

Stereotypic and tallenging behavior.The work of CelibertiBobo, Kelly, Harris, and
Handlemar(1997) assessed the effects @minute walking and jogging exercise program to
reduce three selitimulatory behaviors of &yearold boy using a single case design. This
intervention took place twice a day in a school setting relying orteoae facilitation of the
exercise regime with the participant. Decreases in the targeted behaviors were reported
following the jogging condition but not the walking prograndicating that intensity of exercise
contributed to the intervention effects. The researchers did not provide substantial information
on the details of the interventiomor did they objectively measure differences in the two aerobic
conditions (e.g.ntensity) Although positive effects were reportéce., decreased self
stimulatory behavior following acute exercistije study did not report steps to ensure fidelity of
implementation for the intervention, measures of social validity, teacher perceptia) or
procedures to sustain the intervention follow

Decreasing challenging behaviors was the measured outcomre éaercise intervention
study with three boys, ages 8 and 1lyears old conducted WyannellaMalone, Tulls, and
Kazee(2011). Two of the participants haddiagnosis oASD whereaghe third had an
intellectual disability, hearing impairmemind emotional behavioral disorderhis intervention
occurred eight times a day in small groups within the classrdde irtervention program
included two20-minute exercise sessions and Ei% minute exercise breaks. Decreases in the
targeted behaviors were reported immediately following the intervention indicating that
frequency of physical activity may have coltited to behavioral outcomeBetails of the
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activities were provided by the researchekthough exercises were primarily aerol@ach

session included strength and stretching activities as well. The authors reported that duration and
intensity ofphysical activity were not measured and may have varied among the participants.
Because classroom teachers implemented the exercise program, maintenance and generalization
beyond the study was an anticipated outcome although it was not formally measured an

reported. Steps to ensure fidelity of implementation were not reported either.

The twopreviously describedtudies explored the effects of exercise on behaviors that
may interfere with learning. They introduced three factors that may inflieeeffectiveness
of an exercise program: duration, intensétyd frequency of aerobic exercisehe two studies
described nexbuilt on the use of exercise to promote behaviors associated with academic
achievemenfacademic engagement and academic re$ipg).

Academic engagementJsing a single case design Nichols&ehle, Bray, and Van
Heest(2011) explored the effects of antecedent physical activity on the amwidime spent in
onttask behavior for foud-yearold boys with ASD. The exercise @rvention, a 26ninute
jogging and stretching program, occurred three times a week onta-one basis in the school
environment. The amount of time engaged irtamk behaviors associated with academic
engagement (e.gwriting, reading, answering quéms) increased immediately following the
exercise program and was correlated to the percentage of time @ng#gejogging program.

The increase in academic engagement persisted through the intervention cohttiticaver,
academic engagement levelsre compaable to baseline conditions aiwvkek followup when

the intervention was no longer in place. Details of the jogging program were described by the
researchersand exercise intensity was measured via participant stride length and distance
competed while jogging. Any use of fidelity or social validity measures was not reported. In
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addition to a systematic effort to describe the intensity of physical activity, this study introduced
another nuance of time for consideration. Increases in acadagagement were related to
increased amount of time engaged in physical activity; nevertheless, these effects were
immediate and did not persist once the intervention was discontinued.

Academic engagement following exercise was researched usingpadgsign with3-to-
6-yearold children with ASD in classroom settings (Oriel, George, Peé&&emon, 2011).
Seven participants were male and two participants were female. The exercise program consisted
of 15 minutes of running or jogging. Details bétexercise are provided in thgeidy
proceduresbut use of anyidelity of implementation measure was not reported. Unlike the
findings of the previous three studies, the time engaged-iaskbehavior and stereotypic/self
stimulatory behavior was nassociated with the exercise intervention. Individual or classroom
characteristics that may explain these different findings were not providediemic
responding (e.gnumber of correct responses) increased following the exercise intervention.
Although exercise intensity was measured via behavioral observations, the authors suggested it
may have affected the outcomes for two participautts were difficult to motivate and keep
engaged. The authors further suggested that the amount of time engaged in exercise was too
much for these participands once again identifying duration of exercise as an important
variable related to outcomesime, as it described immediacy of effects and duration of
treatment effects, was also discuss&te authors reported that improvements in academic
responding continued for 30 minutes following the running/jogging progtarspite of these

benefits, social alidity measures were not reported and efforts to maintain the exercise program

beyond the studyds parameters were not discus
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Increases for behaviors associated with learning and academic success and decreases in
behaviors that impede participationlearning activities were positively associated with exercise
intervention programs for children with ASD. However, the four eviddérased studies cited
thus fardid not addressustaining the exercise behavior beyond the research study. The next
two dudiesnot onlyaddress the social validity component of exercise for children with ASD but
alsoseek to facilitate specific motor skills and abilities rather than measure acaetated
outcomes.

Targeted motor skills. A 14-week aquatic exercise programas the intervention used
for Pands (2011) fdteeo7utpl2gearsld rgaies vath ASD gnd theirt h
siblings without disabilities. This study researched how patrticipation in an aquatic program
affected performance on swimming skills ater fithess measures as wadbody
composition. The program took place twice a week for an hour each session and was
implemented in a group setting at a community pool. The author described how participants
developed swimming goals based on indivicheeds and the use of visual structure and work
systems as components of instructional and assessment strakézpeistate data or other
measures of physical activity intensity were not descrifidek results reported improvement in
aquatic skills anghhysical fitness measures for participants but reported no changes in body
composition measures. Fidelity of intervention implementation and social validity measures
were not used. However this study lends support for the use of siblings and community
environments to teach exercise behaviors and encourage participation in physical activity
programs beyond school or clinical settings.

Similar outcomes were reported by Frag@iakham, Haleyand OG6 Ne i | (2011)
aguatic exercise program with t® 12-yearold children with ASD. The participants in this
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group design were both male<£ 11) and femalen=1 ) . Si mi(20HLystudly,thisPan 6 s
aguatic program took place twice a week in a community setting and visual strategies and
supports were used to introduce and explain activities to the participants. However these classes
lasted 40 minutes and did not include children with®D. This study evaluated the effects of
an aquatic program on swimming skills, fithess measaresbody composition. No significant
betweergroup differences were found for these dependent variables. The intervention took
place within 1:2 adulchild ratios. Unlike the prior studies reviewed, the researchers targeted
201 30 mirutesof moderateto-vigorous aerobic activity as an objective of the intervention and
used heart rate monitors once a week They descr
did identify within-group differences associated with intensity level (éow-to-moderate
versus moderatm-vigorous) giving support for the objective measurement of aerobic physical
activity intensity. A formal fidelity measure was not uséthwever on the basis of
observations of the intervention sessions the authors suggested that differences in lesson
objectives may account for the different levels of intensity,(Bagus on swimming technique
instead of cardiorespiratory endurance).e Tsearchers also used parent and child satisfaction
guestionnaires to evaluate the group exercise program with positive ratings reported not only for
swimming ability outcomes but also selfteem/confidence and group participation skills.

The reviewed tsidies explord the association between exercise practices and challenging
behavior, academic engagememtd motor skills and abilitiesThis research supports exercise
as an evidenebased practice (EBP) to effectively address behavior, acag@miiendor skills
for children agesidl2 years with ASD (Cox, 2013Each studwtilized a preetermined
intervention package (e,gogging or swimming programi school or community settings with
predominantly mal@aticipants3i 12 years in ageHowever, within these six studiess
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significantvariation in(a) how physical activity intensitg definedquantified and measured,;
(b) whether the intervention was tailored to the skills and abilities of each participant; (c)
whether details of inglictional techniques and behavior managdrsgategiesvereprovided;
(d) whether the intervention occurred within a group cdraewasfacilitated on an individual
basis and(e) social validity (i.e.whether the intervention supported exercise behsviat
were meaningful to participants, their familiasad teachers)Table loutlines the setting,
participantsand intervention elements of the six exercise studies that met EBP standards for
children and youth with ASDIhis studydiffered fromprior research by defining and
objectively measuring aerobic intensity, individualizing the exercise program, and including
fidelity measures.

Summary

The research literature previously described investigated physical activity and individuals
with ASD froma variety of perspectives: (a) risk factors related to diagnostic features that
impede engagement in physical activity; (b) interpersonal, intrapersonal, institutional, and
community characteristics that affect participation in physical activity; (ojigcgatterns of
individuals with ASD compared to peers; and (d) use of physical activity to target positive
academic and psychosocial outcomes. Although inferences made from individual studies should
be made with caution, the collective wisdom gainethftbese studies can inform the next
generation of research in several ways.

First, although strong evidence supports the use of physical activity, specifically exercise,
as an intervention to improve cognitive, social, and behavioral outcomes, this research evidence
has not been extended to adolescents with ASD. Second, exeecisealth behavior that
should be maintained across the lifespan. Along with motor difficulties, many individuals with
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ASD have challenges with sustaining attention to tasks, planning, motivation, and persistence.
Contemporary research can addressalobsllenges through rich description and evaluation of
the instructional strategies and behavior management techniques used to teach adolescents with
ASD physical skills and keep them engaged in exercise. This step is imperative if exercise
behavior is® be supported and maintained outside school and clinical environments.

Third, physical activity, levels of intensigndexerciseare often used as interchangeable
terms in the literature. However, inherent in intervention research is a need toddéadyand
measure variables (e.g., physical activity) that are associated with change to provide useful
information on how much (frequency, duration), to what degree (intensity), and under what
conditions (e.g., type of exercise, setting) effects caambieipated. The current literature base
lacks consistency between frequency and intensity of physical activity and associated cognitive
or behavioral outcomes, making it difficult to know which elements provided the most benefit to
the participants. lis therefore necessary to use objective ratings of physical activity intensity in
conjunction with observational assessments to identify and describe the effects of an exercise
intervention.

Fourth, the majority of studies conducted occurred in schoghggtan environment that
typically provides few opportunities for adolescents with or without ASD to engage in frequent,
sustained, and higimtensity physical activity. Since adolescents without ASD are expected to
meet physical activity recommendationa extracurricular activities, the challenges to both
researchers and practitioners are (a) how to successfully include adolescents with ASD in sports
and physical recreation activities (b) without sacrificing the frequency and intensity of activity

necessary to achieve physiehealth and psychological benefits.
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Table 1

Evidencebased Exercise Interventions

Study Participant(s) Intensity Physical Setting Instruction  Skills Individual

Age/Graa Measures Activity & Behavior Assessment or Group

Strategies
CannellaMalone, 8-11 years  Observation$  Mixed School Yes No Individual
Tullis & Kazee duration &
(2011) frequency
Celiberti, Bobo, 5 years Observations  Walking & School No Yes Individual
Kelly, Harris & jogging
Handeleman (1997)
FragalaPinkham, 6-12 years  Heart Rate Swimming Community  No Yes Group
Hal ey & O¢ Monitors
(2011)
Nicholson, Kehle, 3% Grade % time engagec Jogging School No No Individual
Bray & Van Heest in physical
(2011) activity,
pedometer &
observations

Oriel, George, Pecku 3-6 years Observations  Jogging School Yes No Group
& Semon (2011)
Pan (2011) 7-12 years  None Swimming Community  Yes Yes Group

Note.Individual or Group refers to whether activities were 1:1 with researcher or within a group setting.



Statement of Purpose

In response to tilsenext directions for researcthis studyused an Individualized
Exercise Plan (IXP) based on participant interests, abjldras$ personal fithess needs to
increase overall physical activity afatilitate recommended levels of modertdesigorous
aerobic exeilise for adolescents with ASD. The ihgations for cognitive and social outcomes
were also exploredAn effective exercise program incorporates best practice standards for
assessing levels of physical fitness @and rela
goals and resource&hang & Griffin, 2007). Drawing fromconceptual frameworksf
findividualized progra@ c ommonly used i n educafoi on and bel
individuals with special neegdthe IXPalso @) includedsupports and servicesesgfic to the
participant, ) was systematically implemented;) (vasfunctionally related to broader goals
and objectives, anf) encouragedamily involvement and participation (lovannone, Dunlap,

Huber, & Kincaid, 2003; Moes & Frea, 2002).

The conceptual framewlor f or t he | XP i s bas®8aicoon McLero

Ecologcal Model (SEM) TheSEM i s an extension of Brofennbre
theory emphasizing the interplay of personal and environmental factors that affect behavior
(McLeroy et al, 198). Itis frequently used to guide public health initiadif@ matters such as
healthy eating (Robinson, 2008; Townsend & Foster, 2011), heart health promotion (Riley,
Taylor, & Elliott, 2001) and prenatal care (Sword, 1999he SEM employs fivecategories to
identify barriers and resources that influence behavior and behavior ¢chatge described
below andllustrated in Figure 1

Intrapersonal factorghe first levelare unique to the individuaFor an adolescent with

ASD, these mayniclude physical characteristics such as motor skills, atypical activity patterns,
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energy levelsensitivity to the exercisenvironment, motivation, persistence, feard feelings
of seltefficacy(Gyurcsik et al, 2006; Obrusnikova & Cavalier, 2013hidds, Synnot, & Batrr,
2012) Interpersonal factorshe second level, adefined as formal and informal sokia
networks and support systems. Thiestude the availability of an exercise partner and family
attitudes toward physical activity (Obrusnika&aCavalier, 2011).The third level includes
institutional and organizational factors. For a student with ABifd-level factors camclude
the school schedule or medical and therapy ap
availability to paticipate in exercise or physical activity. Levels four and five include
community and publicpolick act or s t hat affect an adol escent
activity. Theycan includeransportation needthe availability and access to parksd
recreation facilitie®s well as mandated physical education classes

The development of the IXP included parents, wiailgnswith thesocioecological
model. Parents not only provide insight into the resources and policies that affect adgessibili
sports and leisure activitigsut serve a major role for overcoming barriers at the interpersonal,
community and institutional levels. Siblings and typically developing peers can be effective
facilitators of physical activity and social skjlend parensupport has been identified as a
facilitator of physical activity for children with disabilitié€hu & Pan, 2012; Obrusnikova &
Cavalier, 2011; Shields et al., 201Zad & Odom, 2006) For this study, parents weirevolved
not only in the develpment of the IXPbutalsoin theidentification of necessary social and
environmentafactors tosupport its usexhichincreasedhelikelihood of sustainability (Rilet
al., 2001).

This studyseeks to provida better understanding of the physical activity and exercise

behaviors of adolescents with ASD and how akerabtivity may affect physicdiealthand
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cognitive and social outcome$he exercise literature specific to ASD is limited and rarely
includes gils or adolescents in the study sampl€his investigation recruited both and used
objective measures of aerobic intensity to measure the levels of physicayactivinich
participants engagedt extends thditerature orphysical activity and EF ahdividuals with
ASD byexamining exercise effects on two EF abilities, verbal working memory and visual
discrimination and processing speed. Verbal working memory, a skill requiring cognitive
flexibility , and visual discrimination and processing speddtra of information processing, are
important but understudied components of Effior research has facilitated and supported
physical activity for children with ASD but did not include strategies to continue the exercise
activities once the study conded. The SEM framework allowed the researcher to
systematically collect informati pndneeds parti ci
across multiple domains in order to inform and develop an IXP that could be sustained after the
studyodsonconcl us
Specifically, the fdbwing research questions veeaddressed:
1. Does an Individualized Exercise Program (IXP) to increasmbaephysical activity
improveperformance on fitness indicators for adolescents with ASD?
2. Does participation in moderate tagyerous aerobic activity affect performance on
executive functions tasks for adolescents with ASD?
3. By participating inphysical activitywith an IXP, do adolescents with ASD report

changes in their accessibility, interest capabilityto engage in physical activity?
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Chapter 2
Method
Using a singlecase, multiplegprobe design, this study explored the effectsnod@ on
the duration and intensity of aerobic physical activity and performance on executive functions
tasks. All proceduresmethods and materials were approved by the Institutional Review Board
(IRB) at the University of North Carolina at Chapel Hilhis chapter provides an overview of
the methods and procedures used in this investigation. First, the inclusion criteeteatidrs
procedures for participants with ASD are outlined. Second, descriptive information for each
participant is provided as well as the initial steps to identify abilities and interests relevant to the
IXP. Third, the settings, materiaBnd measue used to I mpl ement and
on physicalhealth indicators, executive functions, and social outcomes are described. Fourth,
the intervention procedures and methods to ensure fidelity of implementation are reviewed.
Fifth, social valisdty measures that evaluate the IXP are described.
Participants
Recruitment. Adolescents 1217 years old with an ASD diagnosis and llewels of
physical activity were recruited for this study. The inclusion criteria specified that potential
participants (ajverebetween the ages of 12 ahd years old and klaa clinical ASD diagnosis,
(b) wereambulatory (c) did not have a medical coitithn that would prohibit safe participation
in aerobic and/or strengthaining activities (d) wereable to verbally communicate English
with the researcher (e.g., answer questions regarding comfort or discomfort during exercise and

complete executivunctions tasks administered throughout the interveht{eh lived within 45
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minutes of the university area, a(fjlengage in low levels or infrequent physical activity for at
least 6 months prior to the start of the study per parent report:ldv@physical activity was
defined as less than twice a week, low intensity (i.e., heart rate does not become elevated), or
poor activity duration (i.e., moderatggorous activity is sporadic and difficult to sustain when it
occurs) aseported by parents-igure 2illustrates the recruitment steps and selection process
usedduring the recruitment and initial screening period. Recruitment flyers describing the study
were distributed via-enail to state and local autism education, advocaeyt parent suppor
organizations. The recruitment flyers contained tinead and phone number of the principal
investigator.

Initial screening. Thirty-five parents contacted the researcher within 48 hours after
recruitment materials werssued to community contacts. Tiesearcher responded ton¢acts
from parents requesting infortnan onthestudyin the ordemwhichthey were received via either
e-mail or teleplone ancexplained the study steps and participant expectations. At these initial
contacts parentswereasket o provi de i nformation on their ¢
exercise practicesswellam ny concerns they had healtg.alTheyi ng t h
were asked to briefly describe theioma chil dos
supports and services. Fourteen referrals were determined ineligible due to reasons such as the
chil dés age, nottchrenit to thertimé fyame thewstudy, or the family lived more
than 45 minutes from the university making the comrautarrier to feasibly implementing the
intervention. Phone conversations were scheduled with the remaining 21 parents.

During the first phone contact with parents, an adapted version of the Physical Activity
Readiness Questionna (PARQ) was administeckafter parents consented to answer health

related questions on behalf of their chilthe PARQ is a twepage physical activity and
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Recruitment flyer anailed to community contacts

35 Respondents

Email/p*lone contact with each respondent

1 Review study steps, requirements and timeline
T Verify adolescentds age, diagnosi

practices
1 Verify family lives within 45 minutes of university

/\NO

Adapted PARQ (21) Not eligible to enroll (14
\ 4
PASSED (18) NO PASS (3
A 4
Schedule Home Visit (%) Standby (13)

1 E-mail Consents, Activity Goals & Options
1 E-mail Sport & Health Examination Form
Home Visit
1 Review and Sign Consents
1 PreBaseline Testing
9 Discuss Activity Options & Goals

First three families to complete Remaining families contacted
this process = Enrolled and thanked for their interest

in participating (15).

Figure 2. Recruitment to Enrollment Process Flow Chart.
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readiness questionnaire that screens partitsgdar physicahealth risks requiring physician
supervision to participate in @axercise program (Warburton, Bredin, & Gleahill, 2D1This
screening tool was adapted to allow parents or legal guardians to respond on behalf of their
children. See Apgndix Afor the adapted PAR.

Seven questions from the adapted PARvere asked during the initial phone
conversation with parentll seven questionsequired ananswer@n oo by t he respo
parent if participants were to be eligible to enroll.e Huapted PAR) served to screavut
adolescentw/ho could not safely engage in aerobic exercise without close monitoring by a
physician. Three participants were determined ineligible based on th€)PAR

The remaining 18 rents began thenroliment proess which involved emailing them
(a) a copy of the study steffb) consent forms for both parents and adolescents to reiapw
sample activities that may be included in the dRd(d) a spors and exercise physical
examination and health assessntet b e compl et ed b ySeetAppendixB chi | do
for a copy of the Sports and Exercise Physical Examination and Health AssessmentioA face
face appointment was then scheduled with the first five respondents to discuss in greater detalil
the study steps and expectations and completsfevention asessments. Once three
participants and families completdte process through enrollmetitg researcher contacted the
parents of the remaining potential participants to explain that the study was full. In addition,
agencies distributing the recruitmdlyer were contacted to request that they hold off on further
referrals.

Enrolliment. Initial home visis were conducted t(a) obtain signed conselfb) discuss
the types of exercises each participant would like to do at the end of theastd(ly) admnister

a series of prntervention assessment measuréle initial meetings lasted approximately 2
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hours and took place at a location chosen by each parent. Two families opted to meet at their
homes and the third requested a university meeting rddra.study steps were explained in

greater detajland any questions from the parents or adolescents were answered. The consents to
participate in the study were reviewed and signed by at leagiamest and the adolescent.

During the intial meeting panets and their childredescribed in greater detail current
exercise or physical activity practices, and any sports or extracurricular activities and/or physical
education classes that were currently taking platckatwere expected to take place over the
study period. The meeting concluded with a discussion of the types of physical acheities
parents and their childremould like to do after theonclusion of thestudy. No written or
articulatedphysical activity goalas requirecht that time. Rder, parents and childrevere
encouraged to think about what they would like to danr@ to 10week periodso that the IXP
would support a meaningful family outcome. The heate monitor watch and telemetry strap
werealsointroduced to the particgmtsduring this meeting. The tye# exercise equipment and
activitiesthatthe participants preferraglas discussed as well abere the parents anticipated
the interventiortaking place

Pre-interventionassessment measurdggure 3outlines the assessmeabls and time
points during the study steps when instruments were used with participantsteRmention
assessments served three purposiso verify an ASD diagnosis and eligibility to participate;

(b) to collect data onhpysical fitness/health indicators and physical activity interests for
comparison with pdasntervention assessments; gojito identify skills, abilitiesand interests
that could inform the development of the IXP. At theiptervention home visit founorm-

referenced tools were administered. These tools are described below.
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Phase Components

I.  PreBaseline Testing SRS
Brief Leiter
CAPE/PAC

II. Baseline Phase Participant 1 (Kelly) 5 Baseline probes
Participant 2 (Jill) 5 Baseline probes
Participant 3JSabrina) 6 Baseline probes

lll.  Prelntervention Height
Fitness Assessment « Weight
Measurements Body Composition & Measurements

Cardiovascular endurance task (e.g. 1 mile walk)

IV. Intervention IXP 18 sessions per participant (approximately 3XWeek 1
6 weeks)
Heart Rate data collected at each IXP session
5 Executive Functions probes per participant (verbal worl
memory and visual processing speed)

V. Postintervention Postintervention Fitness Assessment & Measurements
Testing Height
Weight

Body Composition & Measurements
Cardiovascular endurance task (e.g. 1 mile walk)
PAC

Social Validity Questionnaires

VI.  Maintenance One probe per participant@lweeks posintervention

Figure 3. Outline of Assessment and Data Collection Points.

In order to externally verify a diagnosis of ASD, parents complete8dbel
Responsiveness Scé&RS). This is a 6iem parent rating scale measurfdgcial Awareness,
Social CognitionSocial Communication, Social Motivation, and Autistic Mannerisms

(Constantino & Gruber, 20055tandard TScores of 60T or higher are indicative of an ASD

32



diagnosis; with 6075T consistent with mildoomoder at e or fAhi gh functi on
greaterassociated with the significant impairments in social interactions that occur in the severe
range of ASD.

TheLeiter International Performance ScaRevisedrief Versionis a nowerbal
intelligence tool that assesses visualization and reasoning(8lails & Miller, 1997) No
minimum IQwasrequired to participate in this study. However, results of this testing and
observations made during its administration were used to inform how exercise activities and
directions would be presented to participaifitse administration of thieeiter-Brief allowed the
researcher to establish initial rapport with potential participamdverify the participant could
engage in table tasks and follow directions. The researcher also abseategies used to
communi@te and problersolve.

TheChi |l drends Assessment dCGAPH andPteferercgséot i on a
Activities of Childref PAC) was admini stered to capture i nf
recent and preferred sports, exercegsel recreationdaivities. The CAPE/PAC is a saléport
measure of participation and perceptions of accessibility to recreation and leisure activities (King
et al., 2004, 2004p. This normreferenced questionnaire for youth 6 to 21 years old examines
how children ancdolescents with and without disabilities rate five dimensions of participation
o0 diversity (i.e, number of activities), frequency of participation, enjoyment of activities,
context (i.e.when and with whom), and preferences for involvement.

The CAPE/PAC served two purposes at this meeting. The CAPE provided information
about the participagd pr i or ex per i e n cpeseived barhiersprd fasilitatora | act
toexercise as wel | as the parti ci peadevelapdentioithees and

individualized exercise plan. The PAC was administered in order to have an initial score for
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comparison after the study concluded to address research question #3, which explored the effects
of the IXP on the perceptions of adolescemith regard to their interests, accessibjlapd
capability to participate in different types of physical activity. It was theadreinistered at the
conclusion of the intervention phase. Responses and scores were compared to capture changes
in attitude or interest the participant may hédnaglafter participating in regular physical exercise.

Each conversation and encounter between the researcher, parents and participants from
the initial recruitment contact to the intervention phase was used as@tuogy to identify
barriers and facilitators to exercise using the SEM framework. During the initial phone contact
with parents, the researcher inquired about the interests, skills and abilities of the potential
participant to get preliminary informahan intrapersonal characteristics. Parents were asked to
describe their exercise preferences, the community resources they utilized for physical activity,
and what they considered barriers to regular exercise (e.g. transportation, competing
commitmentsand finances). These are examples of interpersonal and community level factors
within the SEM. Information gained through the administration of the Leiter, CAPE/PAC, and
SRS also identified factors at the first three levels of the SEM that could be tsegopbr
physical activity or would need to be addressed if the IXP were to be successfully implemented.
These factors included not only the participa
activity but their persistence with tasks, how tf@iowed directions, communication abilities,
and response to praise and encouragement.

The information gathered from these conversations, fiefarenced assessments,
baseline observations and performance during the fithess assessment were usedotthdevelo
I XP. The primary goal of the | XP was to incr

intensity of aerobic physical activity using teaching strategies that were appropriate to individual
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skills and abilities. However, the IXP also servedupp®rt the family activity goal. Parents
provided information relevant to levels two and three of the SEM framework that allowed the
researcher to develop an IXP that would be a sustainable program for parents and participants
following the conclusion othe study.

Participant description. Three adolescent girls, ages 13, d4d 16 years old, were
enrolled in this study. Each participant was assigned a pseudonym and identification number that
wereused on all documentation except the consent forms amntb/gxercise physical
examination form.On the basis gbarent report each participant had opportunities to engage in
exercise or aerobic physical activity, however, motivation to do so was minimal. Furthermore,
while performing any form of physical adity the intensity wasypically low and the duration
of the activity was less than 30 minutes. Each participant is described below in greater detail,
highlighting her specific skills, abilitiegnterests, any relevant health information, family
resourcs, and activity goals as identified from the pnéervention conversations and
assessments.

Participant 1 Kelly was a 13yearold female with a diagpsis of ASD Her mother
completed the SR& n d K e-$coreyod &l vefified her ASD diagnosis. She attended regular
8th-grade education classes in a public school located in the southeastern region of the United
States. Her mother reported that Kelly was identified as gifted and talentechasdwol
assessments of intelligence. Her IQ as measured lheitee-Brief was 133which fell in the
Very High/Gifted category. Her primary care physician completed the Sport and Health Physical
Examination and Assessment Form. In additionto AsB,l | y6s provi der inclu
depression as ediagnoses. Kelly wore contact lenses to correct for-sigatedness. She also

had exerciséenduced asthma and selfiministered an albuterol inhaler prior to aerobic exercise
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and again as needed for@dzing. Additional medications included daily doses of
methylphenidate extended release, sertraline, and loratadine

Kelly lived at home with both parents and a younger brotteralsohasASD. Her
CAPE results reflected interest in an average range of activities, mostly solitary, compared to
sameage peers. When engaged in preferred activities she reporteehjogiment. However,
the frequency and intensity in which she engaged irepest activities wasatedlow and
typically took place in home or school settings. Her PAC summary ranked recreational activities
such as video games, watching television, and doing puzzles highest and physical activities and
skill-based activities sucks swimming, dancing and sports lowest.

Kell ydos physical activity at the start of
classes in school. Her parents reported that although PE was daily for 45 minutes, Kelly
frequently did nofdress ouiorr ef used to participate in the |e
the study activities take place at the family home. They had a stationary bicycte, mini
trampoline, hand weightand an exercise mat available for use. A goal set by both parents was
thatKelly exercise more frequently due to her current weight and a family history of weight
related health concerns.

Participant 2.Jill was a 16yearold female with an ASD diagnosis. Her mother
completed the SR& n d J-scdrd od 83 vefified her ASD diagnosis. Jill was in1Bé
grade and received the majority of her occupational course of study classes in public schools as a
student in Autisrspecific special education classrooms in the southeasterm i&gioe United
States. Her IQ as measured byltkéer-Brief was 70 and fell in the Low categoriier
primary care physician completed her sport and exercise physical examination form. In addition

to an ASD diagnosis, her physician reported Jill hateasured IQ of 65, was nesighted but
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did not wear corrective lenses or glassesl took daily doses ofiethylphenidate extended
release, sertraline, and guanfadioeenanage behavior, impulsivity, and seasonal allergies.

Jill lived at home with bothgrents and a younger sister. Her CAPE scores reflected a
moderate amount of diversitpmpared to peein the types of activities in which she engaged
with a preference for solitary or small group settings. When engaged in preferred activities she
repoted high enjoyment and due to active community involvement by her amstgrarents, Jill
was frequently exposed tovariety ofrecreatiorsettings. Her preferred activities as chosen on
the PAC were both recreational and skiéised. She reported higtterest in playing with pets,
dancing, swimming, and horseback riding.

In addition to volunteer work at a local animal shelter, Jill participated in Special
Olympics baseball each summer and fall. Her parents reported that Jill typically spetingame
standing around with her teammates. Her mother reported that Jill was very sedentary,
preferring to read books, watch Tdf play with her iPod and that her weight rose and her
energy levels decreased once she began medications to address atteriéragiod problems.
She further reported the challenge for Jill was not lack of interest in physical activitresheut
herability to stay on task for more than a few masibr with an intensity that would be
consi der ed aer o bifiedafamilygoal for éhe conrlasioe of thesstudyd Enairt
neighborhood community cter recently renovated its warildt facility. Bothparents wanted to
use the workut roomfor their own exercise practicesile Jill safely exerciedat the same
time.

Participant 3.Sabrina was a tyearold female with an ASD diagnosis. The SRS
completed by her mother verified her ASD diagnosis withsadre of 84. Sabrina attended a

private school for children with diverse learning needs (primarily learning digehiltSD, and
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comparable developmental disabilities) in the southeastern region of the United States. Reliable
IQ testing was not completed. Sabrina refused many of the, ileakeng valid results and
interpretations unlikely. Her primary care physictampleted her sport and exercise form.
Other than stating a diagnosis of autism and that sheriggesdoned no frequency or dosage
indicatedd no furthe diagnosis or medical needs werevided.

Sabrina an only childlived at home with both parents. Her CAPE scores indicated that
she participated in an average amount of diverse activities compared tagampeers with a
preference for either solitary activities or those that are don¢oeorge with a familiar adul
She participated in some commuHgsed activitiege.g, dining out, Zumba classegjth her
mother and usually enjoyed them once they were underway. Her PAC summary was consistent
with her motherds report of litarycrécieational gctivtiese f er e n
such as playing with her toyglayingcomputer and video games, and taking care of her pets.
Sabrina expressed the least interest in-blatled activitiebased on her PAC rating$ier
highest ratings were for social agties that required the company of others (e.g., visiting with
others, going on outings).

Sabrina attendetiae Kwon Do classasnce a weekvhere she held a red belbabrina
participated irdaily recesst school bustructured PE classegere not offeed Her mother
reported that although Sabrina enjoyed dancing she preferred to watch TV or play on her
computer. Her parents indicated their goal was to have Sabrina exercise more frequently and
without protest. One parent wanted Sabrina to exercisena¢ with the equipment they owned
(e.g., stationary bicycle, rowing machine, elliptical machiaeyl the other parent was interested

in taking Sabrina with her to a local fitness club.
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Setting and Materials
Each family and participant selected a pnefdriocation to engage in physical activty
the basis otheir interests and selflentified resources. Kelly opted to use the fatmiyy h o me
exercise roonfior all activities related to this study. At her disposaltea stationary bicycle,
mini-trampoline, hand weighta nd a yoga mat . Jill 6s baseline
in her neighborbod. However, hantervention occurred at a nearby community exercise
facility. Equipment available forusewithd | 6s | XP included treadmil |
stationary bicycle, weight machines, freeweightf d ex er ci se mat s. Sabri
occurred primarily at home with one baseline observation taking ataceool during recess.
The hone sessions included use of kickboxing videos, a stationary bicycle, and an elliptical
machine. In addition, Sabrina had hand weights and an aerobic step available for use.
Severakdditional materials were used throughth# study. Materials includ€d) a
heartrate monitoy (b) tools to measure body composition amk,(c) materials used during the
IXP, and (d) mateals used for incentives. These materialsdm®cribed in further detail below.
Heart-rate monitor. A Polar FT40 heantate monito watch and accompanying
transmitter band ereused to record the total minutes of physical activity while participants
were implementing the IXP. In addition, the haate monitor recorded the average heart rate,
the number of minutes in the Target Hd@ate Range (THRR), and the percentage of time the
user 6s heart . THRR was valautated usingThie BdRish formula
Body composition and measurement materialEach parti ci paand 6 s hei
body measurements were recorded befackadter the intervention. Each measurement was
taken twice to avoid administrator or recording errors. Height was obtained using a standard

yardstick. Participants stood with their backs to the wall without wearing shoes. They were
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asked to look forwal keeping their feet, calves, bottom, upper back and back of their head in
contact with the wall. A standard ruler was used to mark the wall at tleétop e par t i ci pan
head. The yardstick was used to measure the distance from the mark to the floor. The
participantdéds height was i mmedi ately recorded
inches).

A commerciallyavailablePrecisionGet Fit Ogital Body Weight Scale was used to
collect body composition dati.was set to zero and calibrated prior to each use. The age and
height of each participant was entered into a digital profile so that body composition could also
be calculated. Particgmts were asked to remove their shoes and socks and step on the scale.
The recordings of overall weight in pounds, body fat percentage, percentage of muscle weight,
and bone mass were logged.

Body measurements were collected using a standard cloth &gseira over each
participant while wearing exercise clothes (i.eshirt, sports bra, and exercise shorts). To take
chest measurements one end of the tape measure was placed at the fullest part of the bust,
wrapped around the chest by going under thepés, around the shoulder blades and back to the
front . Wai st measur ement s weTabovethekellpmbuttoh t he
and below the rib cage. Hip measurements started at one hip and circled around the buttocks
making sure tavrap across the largest part of the bottom, around the other hip and back to the
starting point. The right thigh was measured at its fullest point, approximately 5 inches above
the knee, starting in the front and wrapping around the leg. The rightanppevas also
measured at its widest point, approximately 3 inches below the humeral head (where the upper

arm bone meets the shoulder).
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IXP materials. A variety of materials were used to present the IXP to each participant
including photographs, flighartpaper, 4X6 index cards, Velcro, colored markers, andd@
binders. A Sony HDRCX230 Handycam and universal tripod were used to videotape each
session during each phase. Two Sportline stopwatches and an Everlast timer were also used for
this study.

Incentives.Each participant received $100.00 for participating in this study. Jill and
Sabrina received a $10.00 gift card every three sessions from baseline through the last
intervention session and the maintenance probe. Kelly requested cash instgdidcaf @ and
with her parentsd p$d.00macksessiomuntivddds00 gais reacihed Br2 . 0 0
that week. Additional incentives were used periodically with Jill and Sabrina as adjustments
were made to the IXP. These materials were smalbkitamh as assorted art supplies and bath
products based on their interests.
Dependent Variables

In order to measure the effects of the IXP for adolescents with ASD data were collected
on the following dependent variables throughout the st@dyumber é minutes engaged in
physical activityb) number of minutes the participantos
exercisec) average heartrgtandd) t he percentage of time the pe
the THRR. Number of minutes engaged irygibal activity and number of minutes the
participantdés heart rate was in a THRR were t
in response to manipulation of the IXP.

Physical activity. The THRR was calculated using the G&h Formula as outlined in
the8th Edition of the American College f S p or t s(AQBMJGuidelinesefdd Exercise

Testing and Prescriptios(adwin,2010). The recommendatiday the ACSMis that
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individuals work withn an intensity range of 684% of treir heart rate maximum for developing
and maintaining cardiorespiratory fitndsssed on fitness level and experience (Gladwin, 2010)
Becausehis study targeted moderatievigorous levels of aerobiatensitywhile implementing
the IXP, reqularhearta t € checks occurred with the expecta
was 7094%of their heartrate maximum during peak aerobic activities. The formula used to
calculate the THRR and moderdtevigorous intensityvas

Estimated (HRmax) = 206-90.67 x age)

HR64% = 64% x HRmax

HR70% = 70% x HRmax

HR94% = 94% x HRmax

The THRR (649 4 %) was progr ammed i -natemongopaodthep ar t i c
number of minutes in which their heart rates were within this training zone was recorded. The
moderateto-vigorous intensity (7094%) level was an aim for each participant throughout the

intervention. See Table 2or the THRR information for edt participant.

Table 2

Target Heart Rate Randaformation

Participant Heart Rate Max THRR (6494% ModerateVigorous

HRmax) HR zone (7804%

HRmax)

Kelly 198 126-186 138186

Jill 196 125184 137184

Sabrina 197 126-185 137-185

Note.For minutes ophysical activity and minutes in THRR, all reported numbers were rounded
down. For example if a session lasted 59 minutes 32 seconds (59:32) it was logged as 59
minutes.

Descriptive Variables
Physical fithess Although no universally endorsed fitheegasuregxistfor children

and adolescents, for the 202814 academic year, the Presidential Fithess challenge utilized
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Fitnessgram@McAdaragh & Janot, 2006 To inform the development of the IX&elected
Fitnessgram®© items were administered to assessaiiods of cardiovascular health, muscular
strength and enduranand flexibility. These elements were cugs, a iImile walk/run, sit

reach, pustups/wall puskups, trunk lift and shoulder stretch. Each activity or an accepted
variation/modificatiorwas administered as directed in the FithnessGram and ActivityGram Test
Administraton Manual (Meredith & Welk2010). The cardiovascular endurance task was re
administered pogntervention to describe any functional changes in aerobic capabilities. The
endurance task and body composition information serve to describe changes over time that might
be attributed to increased aerobic exercise but could also reflect a more meaningful outcome to
participants and parents compared to hesid data.

Executive functions. At five points during the intervention phase a snapshot assessment
of executive functioewas conducted to identify any immediate effects of aerobic activity on
cognitive processes. The two assessment tasks were adapted from the Wdobdosok Tests
of Cognitive Abilities(WJ-1II; Woodcock, McGrew& Schenk, 2007). These tasks were
adminigered prior to the execution of the IXP and again immediately after it was completed with
the number of correct answers recordedscApt was followed to deliver instructioeach time
a task was administered. Pencils were provided and the time wasmadusing a standard
exercise stopatch.

Thenumbers reversetdisk assessed working memory and attentional capacity. This task
required the adolescent participant to hold a span of numbers in immediate awareness while
performing a mental operation dn(i.e., reversing the sequenead repeating the numbers in
reverse orderNumber sequences progressed in lengtadually becoming more difficult. The

task was stopped following three incorrect responses by the partispamppendix L
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Thevisualmatchingtask was administered to assess processing speed, perceptual speed
and cognitive efficiency (i.e., the speed at which an individual can make s1subbl
discriminations) withira 3minute time limit. The participant was required to locate @rae
two identical numbers in a row of six numbers. Each numbered pair proceeded in difficulty from
one to threedigit numberqsee Appendix D.

The number of correct responses (raw scdoed)oth tasksvere recorded and charted to
identify trends beveen preand pos{performance as well as over the course of the intervention.
Scores were visually inspected to see if eimgnges between prand postest performance may
be associated with the intensity, time in THRRduration of physical actiwit Any correlation
was speculative but served to identify trends for an individual participant as to whether aerobic
activity had immedia effects on the two EF taskssessed as well as whether similar response
patterns were observed across participants
Research Design

This investigation used a singtase, multipleorobe design (Horner & Baer, 1978) to
assess the effects of an | XP on adol escent pa
executive function tasksA singlecase design (SCD) was appropriate for this study instead of a
group design because it allowed the researcher to document change over time for each
participant. Group designs typically utilize pesnd postest comparisons to determine whether
anintervention was effective. However, a goal of this study was to increase the frequency and
intensity of aerobic activity for participants through individualized exercise programfmimg.
objective necessitated the-gning measurement and collectionhefart rate data to both
document the effects of the IXP and inform changes to the exercise program based on the

participantso6é performance. A group design wo
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enough statistical power to detect effects aritn@ge their magnitude. An individual researcher
could not feasibly implement an individualized exercise program at the recommended frequency
and intensity for adolescents with the study sample size necessary for reliable group
comparisons.Singlecase @signsare experimental designs often used in applied clinical and
education research to establish a causal relationship between an intervention and one or more
outcome variables (Kratochwill et al., 2010). These designs are characterized by individual
cases. A case may be a single participant or a cluster of participants such as a classroom or
community population. Each case serves as its own control for the comparison of changes in the
outcome or dependant variables. Sirgagse designs require thetcame variable to be
measured repeatedly across baseline and intervention conditions.

A multiple baseline design involves a staggered introduction of the independent variable
across different points in time and relies on effect replication to minimieatthto internal
validity (Kratochwill et al., 2010). A variation of this is the multypeobe design. Guidelines
for quality multiple-probe designs includ@) the articulation of clearly defined dependent
variables prior to the start of the studyj (e collection of probe data at each tier prior to the
introduction of the intervention or independent variable; (c) a minimum of five probes during
baseline conditions to establish a baseline trend; (d) the identification of at least three behaviors
of participants that are similar, but functionally independent of an¢har; ande) the
continuous collection of data on the dependent variables throughout the intervention
(Kratochwill et al., 2010; Tawney & Gast, 1984).

Kratochwill et al. (2013) descridestandards for evaluating SCD intervention research.
These standards emphasized the systematic manipulation of the independent variable, in this case

the IXP, as well as the systematic measurement of key outcomes or dependant variables. The
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latter musbe conducted by more than one assessul interobserver agreement (I0OA)ustbe
no less than 80% for a minimum 20% of each participant sessiomhe authors further defined
high-quality designss includingat least three attempts to document an intervention effect at
different points in order to relate changes in outcome variables with the intervention.
Traditionally, a multiple baseline design requires some participants to remain in an
extended baselinghase. Because of this requirement, there is a risk for some participants that
increased exposure or opportunity to engage in exercise could result in unintended effects that
influence the participanto6s abidmuliplgprdbes parti c
across participants instead of a traditional multiple baseline design to avoid any unintended
effects of an extended and continuous baseline. Adeskloped exercise plan executed early
in the study reduced the risk of injury, negagxperiences that may deter the adolescent from
exercise, and the development of habits or behaviors that would impede fitness outcomes (e.g.,
quitting after a brief period). For the purpose of this study three phases were utilized in this
design baselire (A), intervention (B), and maintenance (C).
Procedure
Baselinei Phase A The purpose of the baseline phase was to identify what the typical
duration and intensity of aerobic activity was for each participant prior to intervention. It was
used to estaish the control condition in order to measure the effects of the intervention on the
dependent variables associated with physical health (i.e., duration of aerobic activity, intensity of
heart rate, and amount of thaTiHRR).t Theerespachetdidc i p an
not aid or facilitate the baseline activities other than verbally prompt the participant to continue
as long as she could comfortably sustain or would usually perform the exercise. Tiatbeart

monitor strap was attacheal the participant by either the researcher ortmetpa ci pant 6 s mo
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and activatedmmediately before #exercise began then stoppéttr the partipant or her
parent indicated the exercise was finished

For each baseline probe the adolescent gaaitit wasgprompted by the researcher to
ABow me what you uswually do or would do to
the baseline phase thateach of the participants was typically sedentaryargengaging in
aerobictypes of exernse because of the researcheequest However, in order to examine the
experimental effects of the IXP on physical activity duration and intensity comparison data was
needed. If the participant did not have a familiar exercise activity then she coasagged to do
something she may want to try during the intervention phase.

The researcher took notes on whether the participant was appropriately dressed for
aerobic exercisénad water available to drink before, duriagd after the sessipand include
stretching in her physical activity. The baseline probes also allowed the res¢anctake
observations that couldform the deelopment of the IXP or how it shild be presented to the
participant. Observations were also made on environmentalaiisirs the response of the
participant to any parent encouragement, motivabouirection how the participant responded
to transitions, movement patteyasd form persistencemotor planning and imitatigrattention
to task and expressions of conrfar discomfort.

Kelly. During each baseline probe Kelly opted to ride a stationary bicycle in her room
without her parents present. Kelly operated her fraggtmonitor watch without assistance from
the researcher. She began cycling as soon agashprompted to begin exercising. Kelly
pedaled with high intensity as measured by her het@rtlieoughout her baseline sessi@he
did not engage in warmap or cooldown activities nor did she have water available while

exercising.
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Jill. Jill and ane parent walked the family dog around their neighborhood as her baseline
activity. Her heartate monitor was attached and started by the researcher at the entrance of the
trail and turned off when she returned to that same point. The typical routelwiasile loop.

During the third baseline probe, Jill and her father took a different route that was approximately
3 miles because the family participated in a neighborhood tlparashcollection project every

3 to 4 months. Jill was observed to wallowly although her heart rate quickly accelerated in

spite of her pace during each baseline session. She was attentive to neighborhood pets
encountered along the way. Jill did not engage in wagvror cooldown exercises but often had

a glassof water sice home

Sabrina.Sabringperformeddifferent activities, selected by a parent aodduced for a
designated amount of time, during her baseline sessions. These activities included walking
outside,usingan elliptical machine or stationary bicycle, ataing routines from a kickboxing
video. Her heartate monitor was attached and started by the researcher before she began each
activity and turned off when she completed the predetermined duration for the activity. Sabrina
frequently verbally protesteabout both engaging in exercise and the amount of time she was
expected to perform the activityshe was oftedistracted by conversations between her mother
and other adults in the home or the television that washile she exercised. Sk®wed her
movements or simply stopped exercising wtiesedistractions occurred. She appeared most
engaged by a kickboxing video but had difficulty keeping up with the frequent and quick
transitions between steps and movements. Sabrina did not engage inpv@roootdown

exercises and drank water only after instructed to do so by her mother.
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Intervention i Phase B.

Developing an Individualized Exercise PlaA fitness assessment was scheduled at the
family home once it was determined that a participant would move from the baseline condition
to the intervention phase. Height, weigitdbody composition and measurements were
obtainedat this assessment heFitnessgram activities were verbally explained, illustrated with
picturesand demonstrated. Each participantos perfc
an index card. The results for eachtiggyant are provided in Table 3rhese results were
shared with parents and participants in a discussion that included a review of the family activity
goal. We discussed which exercises would be incorporated into thenl¥f@ basis ahe
interests and information obtained during the initial meeting patticipants, fithess
assessmenand baseline observations. Parents were encouraged to have water bottles and a
healthy snack (e.g., apple with peanut butter) available after thesxsessionand to
participate in the exercise activities or obseaamd ask questions as frequently as they wished.

Each participantodos | XP was devel oped from
Principle of Progression (Gladwin, 2010). The Principle of Progression recommends gradual
increases in three to fotmaining variables (i.e., frequency, intensity, time/durgtaomd mode of
exercise) in order to minimize the risk of injury and maximize fitness gains. A typical exercise
program implemented three to five times per week aldivdsveeks as a conditioningeriod
(Gladwin, 2010). However, after entering age, height, and weight information into the Centers
for Disease Control and Prevention Child and Adolescent BMI calcutatiits indicated that
Kelly qualified as obese and Jill and Sabrina as overwe@ted on percentile for age standards.
Referening exercise guidelines specific to overweight populations for eaclwia@important

in order to minimize safety risks and facilitate optimal health outcomes. These recommendations
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included monitoring irgnsity with a Rating of Perceived Exertion (RPE) scale, selecting

exercises that were easily accomplished and performing them for short periods of time, including
stretches, and avoiding higimpact exercises.

Table 3

Body Composition anBhysicalFitness Indicators

Height Weight Body Muscle Chest Right Waist Hips Right One

Fat % Upper Thigh  Mile

% Arm Walk

Kelly Pre 55" 1774 345 344 425" 13" 37.5" 41" 21" 18:08
Post 5'6" 190.0 37 35 445" 13" 39" 45" 19" 19:09

Jill Pre 57" 1746 319 36.9 42.5" 11" 36.5" 41" 16.3" 27:35
Post 57" 169.6 29.6 35.7 39.5" 11" 36.0" 41" 17" 22:35
Sabrina Pre 50" 142.4 23.1 41.7 37t 21" 35" 425" 21" 20:00'

Post 5'0" 1432 21.3 38.4 36" 19.5" 35" 41.5" 19.5" 3:48

NoteSabrinabés cardiovascul ar endurance task wnachinet he amou
She did not completé mile during her préntervention fitness assessment.

dCompleted less thak mile.

®Completedvs mile

Finally, it wasimportant to consider incentives and strategies to keep the three
participants engaged in their exercise plans. The initial goal was compliance with the exercise
program. As the exercises became familiar and were successfully perforengdititipant \&s
encouragedo do them with greater intensity and for longer periods. Each participant required
different levels of support for both learning outcomes in education settings and tasks of daily
living at home. Kelly used a written schedule that outlinedchores at home and how much
computer/TV time she earned for doing them. Jill and Sabrina used written schedules and visual

supports at school and home to understand what to do and when to do it. These strategies were

50



used to convefwhab exercise talo, fihow long to do it orfhow many repetitions to
completefiwhat happens nextand when the activitwasfifinished.

Common features of the Individualized Exercise Plafifie primary goal of the IXP
was that each participant could safely meet theeatirecommendation of moderate to vigorous
aerobic activity3 days a week for 30 minutes (USDHHS, 2008). Although the details of each
IXP weretailored to the skills and abilities of the participant and related to a fadeihtified
goal, there were eomon features across all three. First, there was an assumption that the IXP
would provide a framework that exercise is a healthy behavior. Exercise was systematically
introduced, cued, rewarded, and organized using effective teaching strategies iduatsiwith
ASD. These included visual schedules, pictures and structured work systems, and earned
rewards. Praise and verbal encouragement focused on positive outcomes associated with
exercise (e.g., AYoubre doingrsbmdyb) ng Reghlt
breaks and heartite checks were incorporated into each IXP.

Second, each IXP included a set of warmactivities and coeaflown stretches that
bookended the aerobic activities and served to gradually increase and decrpagetiiei ci pant 0
heart rate. Sedentary individuals often become anxious when their heart rate increases.
Therefore, the warmip and cocbdown activities served to ease the transition between resting
heart rate and aerobictensity exercise (Gladwin, 2010).

Third, because many individuals with ASD have communication and sensory challenges,
an RPE scale and a seissessment scale were developed. These tools were used at set points
during the IXP to have the participant identify how difficult she felt ttevipus exercise was
(easy, okor hard) and how she fedfter completing that exercigg-point Likert scale with

faces). These ratings allowed the researcher to triangulate behavioral observations of exercise
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intensity (e.g., sweating, heavy breathidigficulty talking), heartrate readingsand participant
report,thenadjust the XP as necessary. See AppendifoEthe RPE andppendix F for the
selfassessment scales.

Fourth, aerobic activities were selected that were familiar to the participducbald be
executed with minimal form corrections or other interference by the resebad®st on
observations during the baseline sessions and fitness asseslimeater, some new exercises
were introduced over the course of theweek interventiorphase. The exercises selected for
each participant were systematically introduced with pictures and written descriptions of the
action sequence to be executed. These were shown to the participant prior to the start of that
dayods exer ci searcherehersdenmonstrated thehaetivity ferghe participant. After
the demonstration, the participant -steps cued
process was used taiiaduce any unfamiliar exercis#sat were incorporated intbe IXP (e.g.
kickboxing movements) until the participant could perform them when cued only by the name of
the action either written or spoken by the researcher. Pictures of different stretches or aerobic
exercises were frequently taped to the wall or kept in a nearsyrihg binder for ease of
reference as nded. The teaching methoftsquently employed in traditional exercise
instruction rely greatly on motor imitation and language comprehension. Visual strategies were
emphasized to introduce and cue the elemeritseoXP because each participant had challenges
with motor imitation, language comprehension and visual processing speed. These challenges
were observed during both the intelligence assessment and baseline phase observations. In
addition, the number akpetitions to be performed for each antivas greater than is typidal
aerobic choreography to allow the participant to organize and execute each move@¥ent 20

times before switching to a new motor sequence.
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Successful completion of the IXP was threlpninary goal for the firstwo weeks of the
intervention. By thethird week the aerobic activities were predictable and could be elevated in
either intensity or durationBy the fifth week participants were encouraged to implement the
steps of the IXRvith less guidance by the researcher.

These four elements were commores&zh IXP. The IXRvas developewithin a week
of the fitness assessmeand families were then contacted to schedule the first intervention
session The IXP was explained to boplarents and participants and implemented in a location
of the familyds choosing. Ke kercigedatmd Sabrina
neighborhood worsut facility.

IXP implementation. Participants received the intervention on average three times a
week for6 weeks. The Thanksgiving, Christmasn d New Year 0s hdahei days m
timing of sessions. Neverthelegsach participant received 18 intervention sessions using the
IXP. Each intervention session began with asking the participansheelt and if there were
any questions or discomfort related to the last visit. The-ha@rimonitor was attached. The
IXP activities for the day were presentadd any changes to the IXP since the last session were
explained. The IXP was reviewbéfore each intervention session to ensure comprehension of
what was expected to occur over the course of the exercise rédacteparticipant was
provided picturesrad written descriptions of eaclttivity included in her IXP. They were also
modeled ly the researcher before prompting the participant to demonstrate how to do each
exercise. Any form errors were addressed with both verbal and physical prompts as well as
redirection to the pictures. The hegate monitor was not activated during the ID&Riew. It

was started once the participant was ready to begin the exercisamrogr
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Initially, each IXP was written on flyghart paper and hung in the exercise area for the
participant to refeence as needed.he researcher led each participant thiotige steps of her
IXP throughout the intervention periggferencing the halouts and flipchart schedule of
activities as needed. Visuahsedules and work systems were also develcp®titheir usevas
encouraged by the researcher to facilitate thefpa ci pant 6 s i n fteeg@ndent ex
The researcharsed a printed copy of the IXP at each session to makearaddscument the
par t i ci-psaessdménsscames, hdate levelsand whethethe activities of the IXP
changed that day amghy. Once heheatr at e moni t or was arestngvated t
heart ratavasrecorded on a written copy of the IXP. Waum exercises, aerobic exercises,
scheduled breaks (for water, safsessment, rating perceived exertion, and-hathecks)
and cooldown stretches were performed. If a participant needed to stop during the exercise
routine (e.g., go to the bathroom) the heaté monitor was paused until her return.
Immediately after the coalown stretches the heart rate monitoswaned off. Any questions
or concerns by either the parent or participant were addressed.
Approximately every fourth session, the EF tasks were administered before thegvarm
exercises and immediately following the calmwn stretches. FEtesting t@k place in the
setting where the IXP was implemented (i.e., home, community gym). Therdteamonitor
was not on during the EF assessments.
Maintenancei Phase CA maintenance probe took pladit weeks after the
intervention concluded. This exeseisession was led by the parent or adolescent without
prompting or assistance from the researcher. Its purpaséorassess whether changes in the
participantdés duration and intensity of aerob

Thepat i c i p a watedmnitdr was attached and activated before she began her exercise.
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She was cued to begin when the researcherfsedsddh ow me what you de t o eX
rate monitor was turneoff when she indicated she was done with her@ser
Data Collection

Once a stable baseline was established, the IXP was implemented sequentially, one
participant at a time following a documented change in the two primary dependent variables:
duration of physical activity and number of minutestaepi ci pant 6s heart rate
THRR. Implementation involved systematic introduction ofl¥Xi activities to the participant.

Three line graphs documented the sequence of each experimental condition for the
participants, the number of sessions ataccollection points per phase, the independent and
dependent variableand their relationships with one another. The standards for SCD data
analysis include interpretation of the trajectory of the dagdrend or slope over time,
variability, immedicy of effect andthree replicationsf treatment effectacross participants
(Kratochwill et al., 2013; Tawney & Gast, 1984). Visual analysis of each line graph was
conducted weekly for each participantds dat a.

The total number of minutes engaged ingbgl activity and the number of minutes in
the THRR were analyzed weekly to identify stable performance trends and justify transition of
each participant from baseline to intervention. The data for average heart rate and percentage of
time in THRR were adyzed every2 weeks to determine the IXP was meeting the goal of
moderateto-vigorous heartate intensity. Decreases or variability in these two variables
warranted a review of the IXP to ensure it adequately supported the exercise behavior of the
participant.

During the las weeks of the intervention the participant was encouraged to activate and

deactivate the hearate monitor independently and lead the researcher through the steps of the
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IXP. This allowed the researcher to identify whatbps of the IXP may require parent
assistance or increased levels of support if the IXP was to be continued after the study
concluded. Hard copies of each IXP were given to parents along with pictures and written
descriptions of each activity includedtire IXP. How to modify the IXP based on heate
data was also discussed. The heate manitor steps were reviewednd the watchvas given to
the participant.

Reliability . In order to ensure that data collected was accurate and suitable forsanalysi
IOA was collected on a minimum of @bof sessions for hearate data. Each participant was
assigned a hearate monitothatwas the only one she used throughout the study. Theraéart
monitor was used at each data collection session (baselgktimaintenance phasesAfter
each intervention session, heeate data was uploaded to the polarpersonaltrainer.com website
where it was stored and aggregated. This data was reviewsdgy research assistant
unrelated to the study contents orammes and the primary researcherestablish 10A.

Fidelity of implementation. It was necessary to verify that the IXP was implemented as
designed. A fidelity checklist was used to rec@diie steps implemented by the researcher
and p) whether theyvere implemented in compliance with objectively defined criteria. Each
intervention session was videotapadd a fidelity checklist was coded by the primary
researcher. A research assistant reviewed the videos and copies of the accompanying IXP for
25% d the sessions for each participant. She completed fidelity checklists based on the video
recordings. Video sessions waedected using a random numienerabr. Refer to Appendix
G for the fidelity checklist.

Social validity. A social validity questionairewasprovidedto parents and adolescents

for them to rateéheir use of the IXP and how it supported their exercise behaviors as well as
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family activity goals. The three participants and five parents completedjaesfion, 5point

Likert Scale measure. The adolesseamqiestionnaireneasurd participans perceptions of the

| X &udility, general experience duritige intervention, and attitudes toward exercise via three
constructs(a) physical activity frequency (three itejnéo) feeings of competence usirtige

IXP andability to exercise independently (four itemand(c) positive perceptions of exercise

and physical activity (three items). The paseft g u e smeasard par@ns' peeceptions of

the | XP&s wusetfhuelinre scshitlod Gssu setxaeirnci se @ehavi or s
frequency of physical activity (two itemgp) perceptions of competence in usthg IXP (four

items) and(c) relevance to family goals and priorities (four itenf@fer to Appendix H forhe

social validity questionnaires.
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Chapter 3
Results
Visual analysis of the data indicates the use of an IXP was effective at increasing both the
number of minutes engaged in physical activity for all three participants and the number of
mi nutes each participant 6és hesustainedrafi@Gweeksvas i n
follow-up (maintenance phase) compared to baseline performance. Once the IXP was
introduced at intervention, each participant increased both the duration of physical activity and
number of minutes her heart rate was in a THRR bynamam of 20 minutes. Kelly and Jill,
Participants 1 and 2, sustained this degree of change on both measures atgolldwing the
maintenance followap SabrinaParticipant 3, sustained her intervention increase in total minutes
engaged in physical aeity but not minutes in THRR. Results are displaye#igure 4 and
Table 4 The gap between total number of minutes in physical activity and number of minutes in
THRR reflects the warmip and coeddown activities that contributed to the number of masut
of overall physical activity but were not necessarily aerdild to moderate changes were
observed for all three participants on secondary measurigsessf andiredisplayed in Table .3

The results to each research question are described below.
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Table 4

Mean and Range of Minutes in Physical Activity and THRR

Kelly Jill Sabrina Group Average
PA THRR PA THRR PA THRR PA THRR
Baseline 7 5 34 25 20 1 20 10
Mean/Range 6-9 2-6 26-68 1362 1627 0-6 6-68 0-62
Intervention 53 42 51 39 51 38 51 39
Mean/Range 45-65 34-53 3863 2650 42-58 2851 3865 2653
Maintenance 50 36 50 44 39 16 46 32

(Range) 3650 1644

Note. PA= number of minutes of physical activity; THRR = number of minutes in Target Heart
Rate Range; whole numbers reported.

Question 1: Does an Individualized Exercise Program to increase aerobic physical
activity improve performance on fitness indicatorsfor adolescents with ASD?

By the conclusion of the intervention, all three participants engaged &b 50inutes of
physical activity with 4045 of those minutes in the THRRdicating an IXP is an effective
method to increase duration and aerobic sitgrof physical activity. The average time engaged
in physical activity was 51 minutes compared to 20 minutes at baseline. The average number of
minutes in THRR was 39 minutes compared@aminues at baseline. Tableidcludes the mean
and range for t primary dependent variables per participant across the three phases.

The average heart rate and percentage of time in THRR data for each participant are
displayed inFigures 5 and &espectively. By the conclusion of the intervention all participants
consistently had an average heart rate at or above 70% H&Rntlaex established minimum for
moderateto-vigorous physical activity for this study. The percentage of time for each
partidpant in the THRR was 780% across participants, indicating the majority of the physical
activity was at a moderate to vigorous level.

The pre and postbody composition data and cardiovascular endurance results are

displayed for each participantrade 3. The results of these assessments were mixed.
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Kell yds overall r e s ul -intervemtiery meeasyres.o Jill and Sabmnanipa r e d
noticeable, positive changes in bbibdy composition and fithess measures. The specific
changes for each participant are next described.

Participant1.Kel | y6s physical activity substanti a
minutes (range =i® minutes) at baseline to a mean of 53 minutes (rangé 654&inutes)
during intervention. Her minutes in THRR also increased from a mean of 5 minutes (rdnge = 3
6) to a mean of 42 minutes (range 3 83). She maintained an average heart rate af185
during her aerobic activity, which was consistent with her average heart rate range during
baseline, reflecting stable performance over time. Her overall percerfttige maintaining
her heart rate in the THRR wasi BD% andwvasconsistent across phrases. Her results were
consistent throughout the intervention period with mild variability but contained no overlapping
data points with baseline data. At follay, Kdly completed 50 minutes of physical activity
with 36 minutes in THRR, or 73% of time. Her average heart rate was 141 beats per minute.

In spite of an increase in aerobic physical activity through participation in this study,
Kelly had an increase in hbody weight, bodyfat percentage, chest/waist/hips measurements
and total minutes to complete ariile endurance walk. Her muscle weight and thigh
measurements decreased and her upper arm measurements were unchanged.

Participant 2. J i | | ctigity ipchegsedifronad mean of 34 minutes (rangei= 26
68 minutes) at baseline to a mean of 51 minutes (rangé5026inutes) during intervention.
Her minutes in THRR also increased from a mean of 25 minutes (rangé2 miutes) to a
mean of 39 mings (range = 260 minutes). There was an outlier at the third data collection
point during baseline. However, her duration of physical activity and minutes in THRR showed a

substantial positive increase after the introduction of the IXP. This increaseedrstable and
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consistent throughout the intervention phase with the exception of one notable dip in the THRR
variable at the second intervention session. Nevertheless this drop was still above her baseline
average of minutes in THRR.

Participant 2 alsshowed a steady, gradual increase in average heart rate and percentage
of time in THRR during each session. By the conclusion of the study, her average heart rate
ranged from 145 to 160 bpm, reflecting a positive increase and stable trend by tRevieak
of the intervention. Her percentage of time maintaining het het@rin the THRR range was
70 80% during baseline and intervention phases. At maintenance, Jill completed 50 minutes of
physical activity with 44 minutes in THRR, or 88% of time. ldeerage heart rate was 149
beats per minute.

Jill had positive body composition and fithess outcomesiptstvention. Her body
weight, bodyfat percentage, chest and waist measurements, and total minutes to complete a 1
mile walk decreased. Her misaeveight and upper thigh measurements increased and her upper
arm measurements were unchanged.

Participant 3. Sabrinads physical activity incree
16/ 27 minutes) at baseline to a mean of 51 minutes (rangé5844irutes) during intervention.

Her minutes in THRR also increased substantially from a mean of 1.25 minutes (rdrége = 0
minutes) to a mean of 38 minutes (range E5a8minutes). Her results were stable and
consistent throughout the intervention with no cugping data points with baseline.

Sabrina showed a steady positive increase in average heart rate throughout the
intervention phase. Her average heart rate per session wdsb03teats per minute reflecting
stable performance over time and was notaigyer compared to her baseline data. The

percentage of time her heart rate was in the THRR also increased from 0% at baseliBé% 70
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by the las® weeks of the intervention. At maintenance, Sabrina completed 39 minutes of
physical activity with 16 miates in THRR, or 43% of time. Her average heart rate was 132
beats per minute falling in a light-moderate classification compared to intervention averages
but higher than her average heart rate during baseline.

Sabrina had positive outcomes in thetgatervention body composition and fitness
assessment. Her bodigt percentage, muscle weight, and chest/upper arm/hip/thigh
measurements decreased. She had a minor increase in body weight and her waist measurements
were unchanged. Due to adverse weatbeditions Sabrinadid not complete a-inile outdoor
walk at her fithess assessmeAithoughshe did not complete a-tile lap in less than 20
minutes during baseline on the elliptical machine, she did completamidedap in 3:48 at post
interventian indicating improvement in cardiovascular stamina and endurance.

Question 2: Does participation in moderateo-vigorous aerobic activity affect
performance on executive function tasks for adolescents with ASDPhe results of EF
testing were inconsistent. Kelly and Jill completed both tasks at all five data collection points.
Sabrina refused the pesst for the verbal working memory task at one data collection point and
the visual processing speed tasknai tata collection points. No pattern could be found relating
performance outcomes to time of day, intensity of exercise, or duration of physical activity.
Althoughno consistent trend could be generalized to other adolescent girls with ASD, the results
of these tasks are informative to the specific participants and are described below.

The results of theeversechumberstask (\verbalworking memory) are provided in Table
5. Kelly and Jill had fewer correct responses post exercise than prior to theex&abrina
had difficulty with the reversal requirement for this task. She repeated numbers in the order they

were provided despite successfully completing trials at the start of the testing. Accurately
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repeating the numbers without reversing wasestas a correct response for Sabrina. She had

either no change or a slight increaseid torrect responses post exercise.

Table 5

Reversed NumbeiisVerbal Working Memory TaskRaw Scores

PreExercise

PostExercise

Direction of Change

Kelly 21
20

Jill

Sabrina 11
(modified) 15

12
11

19
19

~N 00 O 01 ©

Refused
15
11
13
12

N/A

No Change
+2

+1

+1

Note.A positive = an increase in correct responses; Modifi€rticipant repeated the numbers in the order given
and correct responses scored; Refused = participant refused task; N/A = data not available for comparison.

Thevisual matchingtask (visual processing speed) yielded no consistent pattern or

direction ofchange across the participants. Refer to Talibe results. Kelly had fewer correct

responses at

her correct

and had fAno

complete the pogest at two points; however, when she did complete the task, results indicated a

three
responses

changebo

decrease in number of correct resgat one point and an increase irmect responses at two

points.
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Table 6

Visual Processing Spe&hw Scores

PreExercise PostExercise Direction of Change
Kelly 54 52 -2

60 58 -2

61 60 -1

61 61 No Change

60 61 +1
Jill 26 29 +3

24 30 +6

24 29 +5

27 29 +2

30 30 No Change
Sabrina 12 Refused N/A

Refused Refused N/A

21 Refused N/A

20 9 -11

3 6 +3

10 11 +1

Note.A positive change = an increase in correct response; a negative change = decrease in
correct responses; N/A = datat available for comparison; Refusegarticipant refused task.

Table 7

PAC Domain Scores

Kelly Jill Sabrina
Preference Domain Pre Post Pre Post Pre Post
Recreational Activities 1.8 2.3 3 3 2 2.16
Physical Activities 15 16 27 2.7 19 24
SocialActivities 21 26 27 3 23 2.2
Skill-Based Activities 1.2 1.6 3 3 1.4 19
SelfImprovement 16 1.6 27 3 1.7 14

Activities

Note. Scores range fromi B; 1= not preferred; 2 somewhat preferred;3highly preferred
Question 3: Bypatrticipating in physical activity with an IXP, do adolescents with
ASD report changes in their accessibility or capability to engage in physical activityPhe

PAC domain scores increased pigérvention with positive changes noted for each participant
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(refer to Tabler). These findings are descriptive and cannot be directly attributed to the IXP but
are indicative of different interests compared tciptervention PAC ratings.

Kelly reported an increased interest and preference for recreational, physical, adcial, a
skill-based activities, with no change indicated for-saffrovement activities. An analysis of
items relevant to physical activity and exercise showed increased ratings for snow sports, playing
physical games, playing ndaam sports, and swimmindill reported an increased interest in
social and selfmprovement activities. The domains specific to recreational anebsiséd
activities were unchanged. However, she rated these at their highest values at both assessment
points. A marginal increse was recorded for physical activities. An analysis of items showed
increased ratings for gardening and doing a paid job. Sabrina reported an increased interest in
recreational, physicaand skiltbased activities and decreased interest in social #nd se
improvement activities. An analysis of items relevant to physical activity and exercise showed
increased ratings for racing/traekdfield activities, playing team and ndeam sports, water
sports, physical games, swimming, and horseback riding.

Fidelity of implementation. To ensure adherence to the IXP procedures, the researcher
completed a fidelity checklist for each intervention session. The research assistant also
completed fidelity checklists based on video recordings. The principal irstestand the
research assistant had 100% agreement on the two fidelity checklists indicating that the IXP was
implemented as designed.

Social walidity . Evidence of the social validity of the IXP was based on the adolescent
parti ci panstrespimsea to the pesaitereention questionnaire. Results indicated
both adolescent participants and their parents rated the IXP as useful to facilitate and support

physical activity and exercise. A summary of the adolescent and pareitpogtntion
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guestonnaire esponses is provided in Table &dolescent participants rated competence to
exercise and use the IXP highest (mean = 4.83, rangb)=f8llowed by positive perceptions of
exercise (mean = 4.2, range F53and increased physical activity ptiges (mean = 4.06, range
= 1i5). Parent perceptiasf competence to use the IXP to facilitate and support physical
activity was also rated highest (mean = 4.8, rangg5¥, 3ollowed by frequency with which

theirchild engages in physical activity (mean = 4.4, rangé5).3The relevance of the IXP to

support family goal s

priorities

he

parents. The mean rating for this construct was 4.2 with parantgasi on questi on

initiated steps to

responses such as

response). Refer #hppendices Hrd | for the parent and adolescent questionnaires.

t

fagreeo

(three

Table 8

Social Validity

Adolescent Questionnaire Mean Response Range
Frequency Items 1,24 4.06 1-5

Competencé Items 3,7,8,10 4.83
Positive Perceptiorisitems 5,6,9 4.20

3-5
3-5

ParentQuestionnaire Mean Response Range
Frequency Items 1,2 4.4 35
Competencé Items 3,7,8,10 4.8 35
Relevancé Items 4,5,6,9 4.2 1-5
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Chapter 4
Discussion
Results of this studyformed the physical activity and ASD research literature in three
significant ways. First, moderate-vigorous physical activity was facilitated regardless of
differences in physical skill and ability, intellectual functioning, and levels of suppat¢deo
the severity of ASD. Second, the methods employed for this intervention applied proven
behavioral techniques to facilitate moderaterigorous physical activity, a novel outcome area.
Third, this studyextended the ASD researctehature by ioluding two undestudied group$
adolescents and girlS his chapter will discuss the results asthtudy across several topics.
First, the increases in aerobic physical activity and secondary measures of physical fitness will
be discussed. Second, the EF outcomes will be reviewed and analyzed. Third, the SEM will
scaffold a discussion of the soci@lidity of the intervention. Finally, limitations of the study
andpradical issues for consideration will be reviewed
Physical Fitness Outcomes
The effects of an IXP to increase physical activity were consistent for Kel|ygrlll

Sabrina providig empirical support for the use of an IXP to facilitate and sustain moderate
vigorous physical activityNotable increasesccurredn performance for the primary depend
variables, number of minutes engaged in physical activity and number of mmiitéRR, for
all three participants throughout the intervention and maintenance phases compared to baseline.
The degree of aerobic intensity targeted for the exercise intervention was explicitly stated and

determined n ac c or danc g20M0)minimunt ghigelin€&BHoCdhiklren and
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adolescents as measured by heate monitors. Systematically collecting heate data

addressed a gap in the literature regarding frequency, intesrsityluration of physical activity

for exercise interventions. f@he six exercise interventions for children with ASD identified as
evidencebasedfive studies were unable to attribute the effects of the exercise program to these
specific intervention characteristics (Canndéflaloneet al., 2011; Celiberet al, 1997;

Nicholsonet al, 2011; Orielet al., 2011; Pan, 2011).

This study demonstrated that intense physical activity can be defined, elicited and
measured with individualho have ASD allowing researchers to better explain the duration,
frequencyand irtensity associated with exercise intervention outcomes. In addition to objective
measures of aerobic intensity, this study utilized a rubric to document fidelity of implementation
for each session during the intervention phase. Previous studies of$ex@diASD did not
include fidelity measures mag it difficult to know if norsignificant or negative findings were
attributable to differences in how the intervention was used across participants (Chiahatia
et al., 2011, Celibertt al, 1997; FrgalaPinkhamet al, 2011 Nicholsonet al., 2011; Orieét
al., 2011; Pan, 2011).

However, the physical fitness indicators measured in this study extended beyond
increased duration and intensity of aerobic exercise: aRAtepostffitness assessments yielded
inconsistent results for body composition and performance on a cardiovasullaance
activity. These findings were consistent with the fithess outcomes in the aquatic studies
conducted by Pan (2011) and Fragalakhamet al.(2011). Those authors argued that the
length of the intervention (14 weeks) and the frequency (twizeek) was not sufficient to
improve cardiovascular functioning to the degree that it would be noticeable on a standard fitness

assessment . Those findings were supported by
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this study exercised three tima week for 4865 minutes over &-week periogdand modest
improvements were noted for Jill and Sabrina on the cardiovascular endurance task and body
composition measures. Kelly gained weight and several inches on her body measurements over
the course othe intervention and had poorer performance on the cardiovascular endurance task.
Although the frequency and intensity of this exercise intervention met the minimum guidelines
associated with health benefitesearchers estimateat an hour a day of mderateto-vigorous
activity and monitoring of diet is needed for weight loss and to preverdassgeiated weight
gain (Lee, Djousse, Sesso, Wa&gdBuring, 2010).
Executive Functions

The effects omoderateto-vigorousphysical activity on EF were assesl using
adaptations of two norreferenced tasksjsual matchingandnumbers reversed\lthough the
results varied between participgraserall performance was poorer pasiervention than before
the introduction of exerciseSeveral possibilities vided in the exercise and EF literature may
explain these findings. First, the amount of exercise and degree of intensity necessary to elicit
positive effects on EF measures is still unknown (Hill, 2004; Tomporowakipourne, &
Okumura2011). Physiddatigue may have contributed to decreases in correct responses by
Kelly, Jill, and Sabrina as each participant sustainéd@@ninutesof moderateto-vigorous
aerobic exercise per session. The exercise studies of children with ASD that met evadeuce
standards varied in their duration of aerobic activity with an average of 22 minutes for the six
studies. After comparing walking and gging conditionsCeliberti and colleagues (1997)
attributed the effects of exercise on sslfnulatory behavior to the higher intensity form of
exercise. However, Oriel and colleagues (2011) argued for less intense exercise to address

academic engagemien
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Second, rmasuremet and methodology shoulse carefully considered when interpreting
the EF outcomes. The Wl is a normreferenced tool developed to assess subsets of cognitive
abilities thatonce developetemainsrelatively stable over timeThe measures welikely not
sensitive to subtle changes related to working memory and visual processing speed that may
have occurred within the exercise periddso, the EF constructs selected for assessment may
not be sensitive to the physiological chasghat accompany moderdtevigorous aerobic
exercise.lmprovements in processing speed, attention, and memory for simple tasks are
associated with increased aerobic intensity in older adolescents and ad8ltge@rs)

(Hogervorst, Riedel, JeukendrupJolles, 1996; Smith et al., 2010). However, improvements in
working memory have been less consistently reported (Smith, et al., 2@t working

memory and visual processing speed may be less responsive to physiological changes than EF
abilities traditionally associated with attention and behawiothe effects may be detectable

following a longer exercise period (e.g. six months versus six wedkspugh the effects of

aerobic exercise on working memory and visual processing speed warrantgtutye

cognitive abilities such as task switching and directed attention may be more appropriate relative
to the EF challenges many individuals with ASD have. This relationship has been established
with older populations but has not been researchedaditescents with ASD.

Task selection was a methodological concern identified by Hill (2004) when researchers
evaluated EF results for individuals with ASD. Many EF assessments, includimgntibers
reversedask used in this study, required a degresoofal interaction and verbal fluency while
completing a cognitively challenging task. Some researtiaesuggested children with ASD
perform better on computerized assessmernig-afather than the traditionaiteractive tasks

(Happe, Booth, Charltgr& Hughes, 2006; Robinsaat al., 2009). Task presentation could be a
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factor to explain decreased correct responses in this study. By the time thrgrashtion

numbers reversetdsk was administered each participant had been actively engagethin soc
interactions with the researcher and one parent for approximately 90 mByités. conclusion

of the session, each participamay haveeached a threshold for social interactiand testing

results may have differed if the task did not require lttémtion to the researcher and verbal
resporses Task selection would be an issue for consideration regardless of the EF construct or
ability assessed.

A third issue for consideration is the difference in developmental abilities between the
participants Although impairments in EF are frequently identified in children and adolescents
with ASD, these abilities mature and develop along individual growth patterns and trajectories
(O6Hear n, ,&&und, 2008). Gpedifec 0 thesual matchingask,Kel | yé6s accur a
responses decr e aml 8abrina Rad mixedrssults pogerventos Stddies of
EF abilities and children with ASD identified patterns of responses that were associated with
intelligence classification rather than ASliagnosis (Hill, 2004; Robinsaet al., 2009).

Different response patterns on EF tasks were reported on mental flexibility, pleamdng

response inhibition tasks the basis ahtelligence classifications rather than ASD diagnosis.

Children with ASDand an average IQ classification responded in similar patterns as peers

without ASD, and both groups performed better than individuals with lower 1Q classifications

(Hill, 2004; Robinson et al., 2009). However, the findings of this study were not cansigte

this position. Kell yds measured 1 Q fell with
participated in general education classes in s¢lyebher performance was lower on both EF

measures following exercise. Nevertheldss,thregparticipants were not matched based on 1Q

and Keldiagnasis oADHD could have contributed to her pastervention performance
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Therefore, the inconsistent findings may be associated with these differences among the
participants rather than silaiities such as ASD diagnosis or duration and degree of physical
activity.

Social Outcomesand Social Validity

The social validity of an intervention reflects the importance of the goals, proceahoes
outcomes to the participants (FosteMgsh, 1999). This study used the SEM to guide
discussions with participants and their parents in order to develop the IXP and include utility and
sustainability as elements of both the processlacheasured outcomes. In addition to
intrapersonal chacteristics such as age, 1Q, and levels of support relative to ASD, this study
included participant ratings of interest and accessibility to physical activity and exercise. The
primary objective of the | XP waphysicabattivity,buti ncr e
to teach exercise behaviors that could be mai
of the maintenance probe show that each participant engaged in 30 or more minutes of physical
activity after the intervention phase otuded, with Kelly and Jill sustaining a moderate
vigorous aerobic intensity comparable to their intervention levels. Similarly, both participants
and parents rated the IXP useful to increase and maintain exercise on the social validity
guestionnaires.

Parent as well as adolescent participant perceptions of the social validity of the
interventionwere measured. Parents haveirect interest in the health and fitness of their
daughtersAlso due totheir youngageparentsarethegatekeepers to theiteu g ht er 0 s
opportunities to engage in physical actiigyg. transportation, recreation feasd allocatiorof
time). The utlity of the IXP for parents was also important becausgiféérences in the

capabilities and intellectual abilities of the papgants. Jill and Sabrina required higher levels of
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structure in both school and daily activities of living compared to Kelly. Their parents needed to
know how to facilitate and amend the IXP due in large part to their intellectual disabilities and
the levels of support needed to keep them safely engaged in physical activity. Jill and Sabrina
required ongoing supervision across home, school and community settings and this is unlikely
to significantly change as they age. Therefore for goth the famiy goal was thathe
adolescent and parergsercisda oget her . However h -aeeabelranges | Q w:
and she was autonomous in many ways that are expected for a 13 year old girl suatess, self
attending small social events with peers, assliming responsibilities such as chores to earn an
allowance. Her parerdgamily goal was that shexercise more but they did not necessarily
want to restrict her independence to decide when and how she engaged in physical activity.

Kell ydos parents reported | ess satisfaction
outcome. Although Kelly could complete her exercise plan independently she did waitt to do
after the study ended and her parents struggled with how to motnchemaourage her. This
identified a motivatiorrelated challenge that may be more specifiadolescents with ASD that
have higher cognitive abilities. Jill and Sabrina, due to the degree of their developmental
challenges, relied on others to structilre activities of their days. Kelly did not and had very
clear preferences as to what she would rather do than exercise. She was very effective arguing
her position and the difficulties her parents had were most likely related to motivating an obese
13ymar ol d to assume responsi bil it ylaghosis her exe
Nevertheless, how to encourage Kelly to exercise without undermining her autonomy was a
concern expressed by her parents at the conclusion of this lstcelytives abos and beyond
the positive feelings associated with exercise may be useful strategies to encourage and support

Kell ydos exercise habits.
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Self-efficacy, enjoymentand successful experiences with physical activity are identified
determinants of exercise fod@escents (Biddle & Wang, 2003; Gordbarsen, McMurray&
Popkin, 2000; Stuckiropp & DiLorenzo, 1993). &h participant had increased preference
ratings at posintervention in the recreation, social, physieadd skillsbased domainsf the
PAC, andresearch fidings support the use of this instrumenassess recreational preferences
for children and adolescents with ASPotvin, Snider, Prelock, Kehayia, & Wo@huphinee,
20133. However, increased interest did necessarilynean actual increaggarticipation or
accessibility to physical activity opportunitie$his study was conducted in parent and
participantidentified settings (i.eL.evel1l andLevel2 characteristics of the SEM). Kelly and
Sabrina exercised at home and Jill in a heaghood worbkut facility. Neither setting required
engagement with communitgvel providers or administrators in order to maintain the IXP.

Pan (2011) and FragaRinkham and colleagues (2011) used commtivatsed facilities
as the setting for their agtic interventions for children with ASD. Researchers from both
studies reported an expectation that by utilizing community facilities greater social validity
would be ascribed to the intervention. They did not measure participant or parent percéptions o
the exercise program or setting. SchwartdBaer (1991) argued that consumer feedback
included the community members expected to implement and sustain a program or intervention.
Within the SEM a social validity evaluation would extend to the persomtieé aquatic centers
for two swimming interventions. Participants and parents reported high perceptions of the IXP
on the social validity questionnaires the basis dheir interests and needs. A next step or
study phase could include a general@mattomponent where the IXP is implemented in a novel

location (e.g., community recreation program). This would allow for both an extension of the
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social validity evaluation to include community partners as well as a systems level assessment of
barriers ad facilitators to physical activity within the SEM framework.
Limitations
Although the results of this study are promising, some limitations warrant
acknowledgement and discussion. This was an applied intervention that occurred in home and
community settigs. As a result of this methodology all potential variables that could affect
participant outcomes were not under investigator control (e.g., diet, sleep behaviors,
medications). Even though each participant responded positively to the use of anthé®, fu
research is needed to better understand which strategies and procedures were directly related to
changes in the physical activity outcomes and what supports are necessary to sustain changes.
This study incorporated information about participantsssthe SEM framework to
facilitate and sustain physical activity and exerémseadolescent girls with ASD in self
identified home and community environmenksowever barriers to generalizing exercise
practices to broader community settings were neittentified by participantaor addressed in
the social validitymeasures of the IXPA follow-up phase with participants and their families
would have been an appropriate next step in order to understand which factors at each level of
the SEM supportedr inhibited the continued use of the IXP.
A bias to this study was an assumption that participants were inactive due to factors
related to their ASD diagnosist dports and physical activitgcreation opportunities for girls
are limited in a given comunity, barriersto exercise may be tied more to gender than
characteristics of ASDResearch literature describes determinants of physical activity for
adolescent girls to include sqdérceptions of competence to engage in sports and exercise,

family sypport, and maternal exercise behaviors (Biddle & Wang, 2003; de Bruijn et al., 2006;
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Dowda, Dishman, Riffer & Pate, 2006; Gordcharsenet al, 2000; StuckyRopp &
DiLorenzo, 1993).Therefore, as adolescents with ASD become more physically active lthroug
the use of an IXP researchers should return to the SEM framework and identify which exercise
determinants are associated with autism and which are reflective of a broade&uttoca
environment in order to develop appropriate health promotion sgpgadtinterventions.
Practical Issues for Consideration

The procedures and materials described in the study methods explain the steps that were
used with each participant to develop and implement an individualized exercise program based
on skills, abilities, and interests. Recognizeflective strategies to introduce concepts and
provide behavioral guidance and support to individuals with ASD were used throughout the
intervention. These strategies included pictures, written descriptions of activities, vis
schedules and individualized work systems (Hume & Odom, 2007; lovaehahe2003). In
addition to these techniques two elements of the study may have influenced the cooperation and
motivation of each participant as well as the degree to vdhiahges in aerobic exercise
duration and intensity were attained. The first was the study design and the second was the
method by which the depeet variables were measured.

Baseline dservations The use of a singlease design for this study allowtx
researcher to document average performance and trends during baseline for comparison once the
IXP was introduced. However, baseline sessions may have also served a practical need for
Kelly, Jill, and Sabrina. Each session allowed the participanteéceict with the researcher and
become familiar with the hearate monitor andideo recordingpefore any external demands to
perform strenuous physical activity were made. Baseline sessions also provided an opportunity

for participants to associate thgival of the researcher with an expectation to exercise. This
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familiarity may have influenced the cooperation and compliance of participants during the
intervention. The opportunity to become familiar with the researchers, study mageribls
behavioal expectations was an unplanned but possibly influential component of the study
procedures.

Heart-rate monitors. The purpose of hearate monitors for this study was to collect
objective ratings of intensity during aerobic exercise. However, as partisiprogressed
through the intervention phase, heart rate was often referenced to cue participants to either
increase or decrease their effort. Each part
moreodo, fAgo f ast eirraditiord phichsesiusen to knotikiate rartl @encaurage
exercisers to increase effort intensity. However, they appeared to quickly associate heart rate
readings with effort. For example, Kelly and Sabrina were often prompted to meet a minimum
heart rate during aerobactivities whereaslill was cued to check her watch and decrease
intensity based on the reading. The researcher useeratanumbers and ranges to convey
unambiguous and visual expectations of effort and intensity. For example, if Jill asked if she
could lower the speed on her treadmill interval, she was prompted to check heatesart
monitor first. If the reading was 170 or higher she was permitted to lower the speedrat¢eart
monitors may therefore be effective tools to teach as well as neemsencise intensity for
sedentary adolescents with ASD.

Thepr acti cal appl ifmdingdsacemprsmising fortsdverad reasansiaddy 6 s
provide a framework for the next phase of physical activity research. First, parents, physical
therapistsand physical education teachers can implement the strategies used to develop and
support aerobic activity as described in this study to facilitate exercise with adolescent girls with

ASD in order to promote and evaluate health outcorfidsarly these stragies may be
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implemented in physical education classes during the school year yet mandatory physical
education rarely extends beyond ninth gradewever, a physical activity or exercise goal could
be a component of life skills classes or special edutatamsition plans for postecondary
services. The latter would require parents and schools to collaborate and identify community
resources and supports that can be utilized afterdugbol. This would also provide an
opportunity to liaison with commmity personnel (e.g. personal trainers, recreation therapists) to
share strategies that promote successful and safe participation in physical activity and exercise.
Second, the methods employed to define and measure levels of physical activity intensity can be
employed by researchers exploring the effects of aerobic exercise on cognition and behavior and
to better understand and describe how intensity may influenicernas. Third, adolescent girls
with ASD, when supported by an IXP agdenaccess to communHyased physical activity
and recreation programs, may have more opportunities to interact with peers and expand their
social networks. Once adolescents withDA&e successfully engaged in exercise, researchers
can confidently explore the strategic use of physical activity as an intervention for social,
cognitive and behavioral outcomes.
Conclusions

This study was a first step towards gaining a better unddrstpof the physical activity
behaviors of sedentary adolescent girls with ASD and strategies and supports useful to facilitate
exercise behaviors. Findings from this study supported the use of an IXP to facilitate exercise
behaviors for sedentary adolest girls with ASD in order to meet the recommended age
specific guidelines for aerobic physical activity. The use of an IXP increased both the amount of
time engaged in physical activity and the number of minutes exercise was performed within a

THRR. Swkcessful engagement in moderate to vigorous aerobic exercise appeared to increase
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participant interest in recreational physical activities as well as their perceptions of competence
to engage in exercis¢dowever, moderatén-vigorous aerobic activity wasot observed to have

a positive effect on EF assessment of visual processing speed or verbal working méamory.
results of this study provide a foundation to facilitate, definel measure different levels of
aerobic activity for adolescents with ASDr foture research efforts exploring the strategic use

of exercise to support cognitive and social outcomes.
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APPENDIX A: PHYSICAL ACTIVITY READINESS QUESTIONNAIRET ADAPTED

Name: Date:
Rspondent 6s Name:

Phone:
Relationship to Adolescent:
PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR -Q)i ADAPTED

Questions Yes No

1. Has a doctor ever said that your child has a heart condition artietbhe

should only perform physical activity recommended by a doctor?

2. Has your son/daughter complained of chest pain when performing physical
activity?
3. In the past month, has your son/daughter complained of chest pain when not

performing physical activity?

4, Does your son/daughter lose balance because of dizziness, report dizziness (Ir

ever lose consciousness?

5. Does your son/daughter havéa@ne or joint problem that could be made worse

by a change in his/her physical activity?

6. Il s a doctor currently prescribing pny medi

pressure or for a heart condition?

7. Do you know ofanyother reason why your son/dédatgr should not engage in

physical activity?

I f you have answered fiYesd to one or more of the above que
yourson/ daughter engages in physical activity. Tell youion, gedky si ci an wl
advice from your physician on what type of -@itemnstwlelgipletomarticpatéin abl e . Re:
this research study and will need to obtain a Sports and Physical Activity examination by a licensed medical practitidneherstart of any

exercise/physical activity components of the research project.
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APPENDIX B: SPARTS AND EXERCISE PH®ICAL EXAMINATION AN D HEALTH
ASSESSMENT

SPORTS & EXERCISE PHYSICAL EXAMINATION & HEALTH ASSESSMENT

::‘I;denlmnt Date
Parent/Guardian DOB | Age

Helght Welght Blood pressure Pulse | Gender | M F
PART A: MEDICAL HISTORY YES | NO YES | NO
1. Any Hospitalizations or operations 14, Heat stroke or exhaustion

2. Allergles to medicine, Insect bites or food 15. Broken bones or sorains

3. Speech or developmental delays 16. Joint injuries (Ankle, Knes, Wrist)

4, Vislon Problems (Glasses/Contacts) 17. Required restricted physical activity

5. Ear or hearing problems 18, Diabetes

6. Selzures or convulsions 19, Cancer

7. Dizziness or fainting with exercise 20, Dentzl or orthodontlc braces

8. Headaches 21. Learning problems

9. Head Injury or loss of consclousness 22, Sleep problems

10. Meck or back injury 23. Behavioral problems

11, Asthma or difficufty breathing 24, ADDFADHD

12. Heart or blood pressure problems 25. Other problems (list below)

13, Chest pain with exerclse 26. Does this child have any on-going medical concems?

If you answer "yes” to any of the above, please explain:

Ongoing Medications
Name Dosage Frequency

ALLERGIES — ALL TYPES (F2ODS, MEDICINES & [NSECT BITES) REACTION
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Part B — SPORTS AND EXERCISE PHYSICAL

Normal | Abnormal | NfA | Comments

Eyes

Ears, Nose & Throat

Hearing

Mouth & Teeth

Meck (soft tissues)

Cardiovascular

Chest & Lungs

Abdomen

Genitalia - Hernia

= i I i P el I R

. Skin & Lymphatics

11. Spine - Scoliosis

12. Extremities

13. Neurological

14, Wears braces/plates

Visual Acuity
Right / Left / Tested (circle) with without glasses

Based on this HX and PX, the following abnormalities were found and may need treatment:

Immunizations are current and up to date (circle): Yes No

Date of last tetanus booster:

PARTICIPATION RECOMMENDATIONS
(Please check all that apply)

All sports & exercise Yes No

MNormal physical activity to include Physical Education

Moderate to Vigorous Aerobic Activity (e.g. running, rowing, jumping, cycling)

Muscular strength and endurance activities (e.g. mild to moderately heavy free-weights, yoga/pilates)
Flexibility and stretching

Physical Activity Additional Comments:

o0 o000

o]

Restrictions or Special Program Needs and Considerations:

Sports and Exercise Physical is valid for one (1) year from date indicated below

Date Licensed Health Care Professional Stamp Licensed Health Care
Professional Signature

Date Type or Print name of Parent or Guardian Signature of Parent or
Guardian
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APPENDIX C: REVERSBP NUMBERS TASK

Reversed numbers

| am going to say a set of numbers. When |
finish | want you to repeat the set of numbers in
reverse order. For example if | say 6-1 you

would say 1-6. Let's practice:

Pre-Exercise Post-Exercise
[ s& | 5.3

1. ___ 25 1. 35
2. 93 2. 93
3. a7 3. 47
4, 16 4 16
5 ___ 85 5. 85
6. 386 6. _____3-86
7. 736 7. 736
8 __ 394 8 ____ 394
9. __ 816 9. _____816
10. 592 0. _____ 593
11, _____ 7-5-8-2 1. 7-5-8-3
12, 6-4-7-5 12, 6475
13, 9-36-1 13. 9361
14, 8-5-2-6 14, 8-5-3-6
15. __ __4-7-311 15, __4-7-3-1
16. ____3-6-2-9 16. _____3-6-3-9
17. _____5-9-2-4-7 17. _____5-9-3-47
18. ___ 1-6-4-8-5 18 1-6-4-8-5
19. __ _ 5-2-8-3-7 19 _____5-3-897
20, 84169 20. _____ 8-4-1-6-9
21, 2-59-3-7-4 21, 3-5-8-9-7-4
22, 7-3-6-1-5-2 22. 736153
23, 2-6-B-5-9-4 23. _____3-6-8-5-94
4. 3-9-4-2-7-1 24, 3-9-4-3-7-1
25. ____ B-1-6-3-7-8-5 25. _____8-16-3-7-85
26. _____9-3-6-1-7-5-8 26. _____9-3-6-1-7-5-8
27. _____6-3-1-8-4-7-2 7. _____6-3-1-8-4-7-4
28. ____ 1-B-3-6-9-2-5 28. _____1-8-7-6-9-3-5
29, 2-89-6-8-3-7-1-4 29, 2-8-6-8-3-7-14
30. _____3-1-4-6-2-7-95 30 _____3-1-4-6-2-7-95
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APPENDIX D: VISUAL MATCHING TASK

8 9 5 2 9 7 B4 48 94 43 47 94
8 3 7 0 4 B8 36 55 66 56 56 65
2 7 4 1 1 6 a1 55 66 56 56 65
5 3 9 3 1 4 a1 61 15 14 64 41
7 2 6 5 7 8 32 23 21 B3 38 28
o 7 & 2 9§ a 83 98 97 8 78 78
5 5 & 1 €& 3 13 12 23 13 31
s 6 78 3 0 56 53 65  BE 68 6
R 32 20 4 32 13 34

48 94 59 95 45 59
3 6 0 B 9 O

74 @™ 2 @ 7277
8 7 1 B 2 &

968 689 B69 968 986  B9G
5 0 7 3 3 6

524 542 245 425 452 542
2 9 6 4 1 39

679 976 967 976 637 796

=
w
=
(0]
m|
3]

154 514 145 415 154 451

3 s 8 s 2 72 78 872 7B B2T 782
a0 8 0s 1 363 633 366 633 362 326
4 4 2 2 7 4 3¢ 843 483 438 B34 483
& % =2 1 4 =2 450 405 540 405 045 504
Lo 2B s 102 201 20 120 210 200
7?4 8 5 7 8 371 173 37 113 117 317
85 32 74 90 &1 6l 708 780 B70 J0B  BO7  BOB
28 40 57 20 18 20 194 196 149 169 149 496
16 76 61 71 67 61 356 653 635 536 365 356
98 38 93 39 38 B3 05 520 502 250 520 505
17 15 75 75 71 57 278 827 287 178 7B 727
52 55 25 52 53 35 618 816 681 861 Bl 868
73 37 53 75 35 37 313 316 631 613 361 631
18 E1 #1 68 Bl 16 672 267 762 627 762 276
FTL LA LY e 429 419 491 429 492 249

19 17 91 71 17 11 453 943 439 354 349 543

Go on to the top and keep working T
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Wisual Matching:

Here are a set of numbers. | am going to circle
the two numbers that are the same. 1 and 1 are
the same. Here is a second set of numbers. |
am going to circle the two numbers that are the
samie 27 and 27 are the same. Now it's your
turn. Look at each row of numbers and circle
the two that are the same. Keep going until you
finish ar | say stop.

That's great! Mow | am gaing to give you some
mare sets of numbers. For each row, drcle the
two numbers that are the same. Go down the
first columm and then back to the top of the
page for the second column. Do as many as you
can until | say stop ar you have circled matching
numbers for each row in both columns.

Ready? Begin. Stop after 3 minutes or if
participant finishes before the 3 minute -
document the amount of time it took to
complete the task. Record the number of
correct respanses.

Sample Items and Practice Exercise:
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41

58

Bl

11

i1

12

15
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a5
22
16
92
17
52
73
12
45
15

Goan to the

R - |

40
76
iz
15
55
37
E1
44
17

op and keep working

L= - I - - R - O T |

(= I T ]

T4
57
61
93
75
25
53
1
a5
91

20
71
£ ]
75
52
75
62
54
mn

- B T - -

)

17

(TR T

B O w 9

61
20
61
13
57
35
7
16
85
11

24
35
41
a1
32
29
13
56
32
49
74
962
524
579
154
72
363
324
450
102
£ |
702
194
356
205
72
612
313
672
429
493

42
55
55
61
13
92
12
62
20
94
24
629
542
976
514
Ti2
633
243
405
201
173
720
156
653
520
227
216
316
267
419
943

54
1]
(1]
16
13
a7
3
B5
40
59
27
269
245
867
145
272
366
423
540
210
317
270
149
635
502
77
621
631
762
491
439

49
56
56
14
29
27
13
26
312
95
24
962
425
976
415
772
633
432
405
120
113
702
169
536
250
272
251
613
627
429
394

a7
56
56
64
33
72
31
66
23
a5
72
926
452
697
154
227
362
234
045
210
117
207
149
365
520
22
216
361
762
492
349

94
E5
65
a1
22
72
2
26
34
59
77
296
542
796
451
222
326
423
504
200
317
202
496
356
505
727
262
631
276
249
943
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APPENDIX E: RATINGOF PERCEIVED EXERTI®

Light exercise intensity
Light activity feels easy.

* Your breathing is normal.

*  Youdon't sweat.
* You can easily talk to someone or even sing.

P
oy ﬁ*ﬁ

Moderate exercise intensity
Moderate activity feels somewhat hard.

(e)
<)

L= EASY

* Your breathing is faster than normal, but you're not out of breath.
* You sweat a little after about 10 minutes of activity.
* You can talk to another person, but you can't sing.

Vigorous exercise intensity
Vigorous activity feels hard to do.

* Your breathing is fast.
* You sweat after a few minutes of activity.
* You can't say more than a few words without pausing for breath.

HARD

Adapted from http://www.mayoclinic.org/healthy-living/fitness/in-depth/exercise-intensity/art-
20046887?footprints=mine
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APPENDIX F: SELFASSESSMENT SCALE
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