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performance of students with and without intellectual 
disabilities on a variety of physical fitness/motor skill 
measures. In one of the classic early studies, Francis 
and Rarick (1959) examined the gross motor abilities 
of students with intellectual disabilities and compared 
their performance with normative data. The partici-
pants were 284 students with intellectual disabilities in 
the Milwaukee and Madison, Wisconsin public schools 
between the ages of 7.5 and 14.5 years. The students 
were assessed on measures of strength, power, balance, 
and agility. The performance of the children with intel-
lectual disabilities was inferior on all measures when 
compared to the normative data and these discrepan-
cies increased with age. Similar findings were reported 
by other researchers (e.g., Auxter, 1966; Brace, 1968; 
Carter, 1966; Malpass, 1960; Sengstock, 1966), but 
the results were hard to interpret and compare because 
of differences in sample sizes and characteristics, and 
different dependent measures. Some of these issues 
were addressed in 1970 when the American Alliance 
for Health, Physical Education, Recreation and Dance 
(AAHPERD) Youth Physical Fitness Test was modified 
and national norms for both male and female students 
labeled educable mentally retarded (EMR) ages 8–18 
were developed (Rarick, Widdop, & Broadhead, 1970). 
In this study of 4,235 students, the researchers found 
that although the changes in performance by age trends 
were similar to those found for non-disabled students, 
the performance of the students with intellectual disabil-
ities was inferior to non-disabled students on all meas-
ures. Gender differences were also similar between the 
groups, with the males performing better than females 
on all measures.

Although research during the 1950s–1970s frequently 
used the terms fitness and motor skill, the majority of this 
research actually focused on physical fitness. The confu-
sion is due to the nature of the dependent measures used 
during this period to measure physical fitness. Many of 
the fitness measures were confounded by motor skill. For 
example, a common test for arm and shoulder strength  
(a fitness measure) was the softball throw (a motor skill) 
for distance. This test assumed that the students being 

Being able to move efficiently is one of the critical factors 
needed to develop and maintain an active lifestyle, which 
contributes to both the quality and longevity of one’s life. 
Conversely, failure to develop these abilities places one 
at risk of acquiring a number of health risks such as car-
diovascular disease, obesity, diabetes, hypertension, and 
high cholesterol. As result of these trends, research over 
the years in the areas of motor development and physical 
fitness has concentrated on identifying physical and motor 
developmental benchmarks, valid and reliable measures 
of these traits, as well as the development and evaluation 
of programs to develop these traits in both children and 
adults with and without disabilities. The purpose of this 
chapter is to review the research related to motor devel-
opment and physical fitness in relation to children and 
youth with intellectual disability (ID), learning disability 
(LD), emotional disturbance (ED), and autism spectrum 
disorder (ASD).

This chapter is divided into five sections. The first 
four sections review the research related to physical and 
motor development in students labeled as ID, LD, ED, 
and ASD. The research reviewed was delimited to arti-
cles published in the past 32 years and to articles listed 
in the SPORTDiscus database, which includes the pri-
mary journals in the field, as well as select earlier studies 
and studies in other journals that had significant impact 
on research in the field. The last section of the chapter 
identifies a number of issues and challenges facing future 
research on physical and motor development in students 
labeled ID, LD, ED, and ASD as well as some recom-
mendations on how these issues and challenges may be 
addressed.

Intellectual Disabilities

Early Research
Research on the physical fitness and motor skill devel-
opment of individuals with intellectual disabilities is a 
relatively new area with the majority of the research 
being conducted since the late 1950s. Early research 
in this time period was largely descriptive and focused 
on describing the discrepancies observed between the 
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tested had the prerequisite mature throwing pattern needed 
to demonstrate their arm and shoulder strength.

With the passage of PL 94-142, the Education of All 
Handicapped Act of 1975, research began to diversify 
and focus in four broad areas: descriptive studies, training 
studies, curriculum development, and assessment studies. 
The descriptive studies extended the previous research 
and continued to compare individuals with various levels 
of intellectual disabilities on select fitness measures (e.g., 
Fernhall, Millar, Tymeson, & Burkett, 1989; Fernhall, 
Tymeson, & Webster, 1988; Findlay, 1981; Kasch & 
Zasueta, 1971; Koh & Watkinson, 1988; Londeree & 
Johnson, 1974; Pitetti & Campbell, 1991). Another area 
of descriptive research during this period focused on the 
prevalence of obesity in individuals with intellectual dis-
abilities. These studies focused primarily on adult popula-
tions due to the absence of valid measures and prediction 
equations for estimating percent body fat in children with 
intellectual disabilities (Kelly & Rimmer, 1987; Rimmer, 
Kelly, & Rosentsweig, 1987). The findings of these stud-
ies consistently showed that the prevalence of obesity 
was higher in adults with intellectual disabilities (Fox, 
Burkhart, & Rotatori, 1983; Fox & Rotatori, 1982; Kelly, 
Rimmer, & Ness, 1986; Kreze, Zelinda, Juhas, & Gabara, 
1974; Polednak & Auliffe, 1976) and that the incidence 
increased as the level of ID decreased (Fox & Rotatori, 
1982; Kelly et al., 1986).

A second focus was development and testing of pro-
grams to remediate the fitness and motor skill deficits 
being observed in children with intellectual disabilities. 
Numerous studies reported findings demonstrating that 
the fitness of students labeled EMR could be improved 
via structured physical education programs (e.g., Beasley, 
1982; Bundschuh & Cureton, 1982; Campbell, 1974; 
Corder, 1966; Halle, Silverman, & Regan; 1983; Maksud &  
Hamilton, 1975; Nordgren, 1971; Nunley, 1965; Oliver, 
1958). For example, Solomon and Pangle (1967) used a 
treatment (N = 24) and control group (N = 18) design and 
found that the levels of physical fitness of boys with EMR 
could be significantly improved via an eight-week training 
program and these changes were retained over a six-week 
period following the study. Findings also indicated that 
the improved fitness scores of the boys with EMR were 
comparable to the performance levels of boys who were 
not EMR.

Another focus that paralleled the research on train-
ing was on the development and field testing of com-
prehensive physical education programs. Several of 
these programs were funded by the Department of 
Health, Education, and Welfare’s Bureau of Education 
for the Handicapped. Most notable of these were Project 
Active (Vodola, 1973, 1978), I CAN (Wessel, 1977), 
and Database Gymnasium (Dunn et al., 1980). The I 
CAN project is briefly described here to illustrate both 
the focus and magnitude of these projects. I CAN was 
composed of eight boxes of physical education resources 
specifically designed to address the physical education 

needs of students with intellectual disabilities. Each 
box addressed one of the major physical education goal 
areas: fundamental motor skills, physical fitness, social 
skills, body management skills, team sports, aquatics, 
outdoor activities and backyard/neighborhood activities, 
and dance and individual sports. Within each goal area 
(e.g., fundamental motor skills), the content was broken 
down into objectives (e.g., running, throwing, catching), 
and each objective was further tasked analyzed into three 
skill levels and within each skill level by focal points 
that defined the key qualitative performance criteria. 
Then, for each objective the following resources were 
provided: assessment items, instructional activities for 
each focal point within the assessment items, and games 
keyed to each focal point. The roots of Project I CAN 
can be seen today in Everyone CAN (Kelly, Wessel, 
Dummer, & Sampson, 2010), which is an elementary 
physical education curriculum designed to accommodate 
all students, and the Test of Gross Motor Development 
(Ulrich, 2000), a normative test of gross motor skills for 
children aged 4.5–11 years.

The significance of these curriculum development 
projects was that they expanded the focus from physi-
cal fitness to the full range of content addressed in 
physical education. Although the emphasis on fitness is 
still dominant today, some progress has been made on 
increasing research in the area of motor skill develop-
ment. Unfortunately, because of the reduction of federal 
funds that underwrote the costs of producing the materials 
and providing schools with the training needed to imple-
ment them, all of these previously funded curricula have 
 subsequently gone out of print.

The fourth general focus that emerged was research on 
developing and validating assessment items. Much of this 
work was in the area of physical fitness and particularly on 
developing and evaluating valid measures of cardiorespi-
ratory endurance for use with individuals with intellectual 
disabilities (Burkett & Ewing, 1983; Coleman, Ayoub, & 
Friedrich, 1976, Cressler, Lavay, & Giese, 1988; Fernhall, 
Millar, Tymeson, & Burkett, 1990; Fernhall & Tymeson, 
1988). There have been two extensive reviews on this topic 
(Fernhall et al., 1989; Lavay, Reid, & Cressler-Chaviz, 
1990). These reviews concluded that there are a number 
of issues that complicate the measurement and cross-study 
comparisons of cardiovascular fitness on individuals with 
intellectual disabilities including: (a) the heterogeneity of 
the population, (b) the reality that one standardized proto-
col will not likely work for all individuals, (c) many indi-
viduals require significant amounts of training to learn how 
to perform the testing protocol reliably, and (d) motivation 
and intra-individual variability are difficult to  control with 
students with intellectual disabilities.

Recent Research
As the 1990s approached, research continued in the previ-
ously described areas and expanded to address an even 
broader spectrum of questions. To illustrate the foci of 
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recent research, we searched the SPORTDiscus database 
to identify research from 1985 to date using the search 
terms intellectual disability, mental retardation, physical 
fitness, motor skills, motor development, children, youth, 
and adolescents. Delimiting the findings to research stud-
ies that applied to school-aged individuals with mild intel-
lectual disabilities produced 77 studies. Table 38.1 shows 
the distribution of these studies by focus (i.e., physical 
fitness, motor skill, and physical education) and by type 
of research (descriptive, training, assessment, and other). 
The physical education focus and the other research cat-
egory includes studies that either combined fitness and 
motor skill measures and/or focused on other measures 
such as on-task behavior, student interactions, effects 
of peer tutors, or student attitudes. The articles in each 
of these categories are summarized below to provide an 
overview of the current direction and emphasis of research 
in the field.

Fitness—descriptive studies. The majority of the 
descriptive research involving school-aged individuals 
with intellectual disabilities since 1990 can be grouped 
in two broad categories: comparison studies and gen-
eral descriptive studies. The comparison studies typi-
cally involve comparing individuals with intellectual 
disabilities with individuals without intellectual dis-
abilities on various fitness items such as running (e.g., 
Frey, McCubbin, Hannigan-Downs, Kasser, & Skaggs, 
1999; Pitetti & Fernhall, 2004), physical activity (e.g., 
Faison-Hodge & Porretta, 2004; Foley, 2006), strength 
(e.g., Pitetti & Yarmer, 2002), body composition (e.g., 
Pitetti, Yarmer, & Fernhall, 2001), or between differ-
ent cultures (e.g., Chow, Frey, Cheung, & Louie, 2005; 
Onyewadume, 2006). An example of a study in this cat-
egory was by Lahtinen, Rintala, and Malin (2007), which 
monitored the physical performance of 33 females and 
44 males with intellectual disabilities over 30 years in 
Finland. Participants were evaluated four times start-
ing in 1973 (ages 11–16), again in 1979 (ages 17–22), 
1996 (ages 34–39), and 2003 (ages 41–46). They used 
four dependent measures consistently across the four 
measurement periods: Body mass index (BMI),  sit-ups, 
stork stand, and pearl transfer. The BMI is calculated 
by dividing body weight in kilograms by height in 
meters squared. During early adolescence there was no 

 difference between BMIs of adolescents with intellec-
tual disabilities compared to norms of Finnish students 
without intellectual disabilities. However, over the next 
two measurement periods the BMIs of the individuals 
with intellectual disabilities increased significantly over 
the comparative norms with 70% of the individuals with 
intellectual disabilities having BMI values greater than 
25 and females having significantly higher BMI values 
than males. Results for abdominal strength revealed that 
during early adolescence the individuals with intellectual 
disabilities could perform only half as many sit-ups as the 
normative group and their performance declined further 
over time with 40% of the participants not being able to 
perform a single sit-up as adults. The stork stand was used 
to measure static balance. The early adolescents with 
intellectual disabilities performed significantly lower 
than the comparison group on the initial measure. Their 
performance increased slightly during late adolescence 
and then declined consistently over the last two measures 
with a third of the adults not being able to balance on 
one foot for one second. Finally, manual dexterity was 
measured by a pearl stringing task. The findings for this 
measure paralleled the abdominal strength and balance 
results with the performance of the individuals with intel-
lectual disabilities starting out significantly lower than the 
comparison group, then showing a significant improve-
ment between the first and second measurement and then 
showing a significant decline in adulthood with all levels 
being below the comparison group.

Articles grouped in the general descriptive cat-
egory focused on topics such as physical work capacity  
(e.g., Fernhall & Pitetti, 2001), cardiovascular fitness  
(e.g., Fernhall et al., 1988), physical activity (e.g., Levinson & 
Reid, 1991; Sit, McKenzie, Lain, & McManus, 2006), fit-
ness variations (e.g., Waldemar, Horvat, Nocera, Roswal, 
& Croce, 2009), and profiles of elite athletes with ID (e.g., 
Van de Vliet et al., 2006). A sample of the research in this 
category is illustrated by the study by Sit et al., whereby 
they investigated the physical activity levels of children 
with mild intellectual disabilities attending two special 
schools for children with mild intellectual disabilities 
in Hong Kong. Participants were 80 children in Grades 
4–6 with IQs between 50 and 70. Schools were purpose-
fully selected based on emphasis on sport performance. 
One school was labeled high sport (HS) performance and 
the other low (LS) based on the number of students who 
had previously qualified for international competitions. 
Students’ physical activity was observed and recorded 
using SOFIT during physical education and two separate 
recess periods during four days across two weeks. SOFIT 
is a coding system that involves time sampling and coding 
of student physical activity, lesson context, and teacher 
behavior. MANOVA results revealed that there were no 
overall school differences with regard to physical educa-
tion between the schools. The data did reveal the following 
trends: students in the HS school had less time for physical 
activity but tended to engage in more vigorous physical 

TABLE 38.1
Distribution of Research Studies Reviewed from  
1985 to 2008

Article Focus Fitness Motor Skill Physical Education

Descriptive 
Research

15  1

Training 11 15

Assessment 20  2

Other 13
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activity in both physical education and recess whereas stu-
dents in the LS school had more time for physical activity. 
Findings were compared to the Healthy People 2010 rec-
ommendations for physical activity and previous findings 
on children in the United States. Physical activity levels 
demonstrated by the students in this study were just short 
of the Health People 2010 recommendations, but above 
those typically reported for children both with and without 
disabilities in the United States.

Fitness—training studies. The second major category 
within physical fitness is training studies. These studies 
tend to focus on the effects of a type of training program 
(e.g., aerobics, swimming, Pilates), on some aspect of fit-
ness (e.g., lung function or health-related fitness; see, for 
example, Can et al., 2005; Etherton, Covington, Burt, & 
Weishaar, 2006; Khalili & Elkins, 2009; Ozmen, Yildirim, 
Yuktasir, Beets, 2007), or on psycho-social effects (e.g., 
Dykens, Rosner, & Butterbaugh, 1998; Lee & Dummer, 
2006; Wright & Cowden, 1986) of fitness training. It 
should be noted that the majority of the training studies 
involving individuals with intellectual disabilities used 
adult participants rather than children.

The study by Wright and Cowden (1986) illustrates a 
training study that examined the effect of a swimming pro-
gram on the cardiovascular endurance and self-concept of 
adolescents with intellectual disabilities. Participants were 
50 adolescents ages 12 to 18 classified as mildly and mod-
erately mentally retarded. These subjects were divided into 
two groups. One group participated in a Special Olympics 
swim training program for one hour a day, two days a 
week, for ten weeks. The second group served as the con-
trol and performed their normal daily activities including 
attending their regular physical education classes during 
the ten weeks of the study. All participants were pre- and 
post-tested using the nine-minute run/walk test and the 
Piers-Harris Children’s Self-Concept Scale. Analysis of 
variance results revealed significant mean differences 
between the Special Olympics group and the control 
group on both dependent measures. On the nine-minute 
run-walk test, the Special Olympics group demonstrated 
significant improvement between the two measurement 
periods whereas the control group actually showed a slight 
decline in their performance. Similar results were found 
on the self-concept measure. The control group showed 
no change, but the Special Olympics group demonstrated 
a significant improvement. Implications were discussed 
regarding the value of organized youth sports programs 
like Special Olympics for individuals with intellectual 
 disabilities and the need for more research in this area.

In addition to the research cited here, there have also 
been two published reviews of research in the area of 
training. Chanias, Reid, and Hoover (1998) reported a 
meta-analysis of 21 studies that focused on the health-
related physical fitness of individuals with intellectual 
disabilities, and Fernhall (1993) reported a summary of 
the training research on fitness and intellectual disabilities. 

These reviews revealed that individuals with intellectual 
disabilities have lower levels of fitness, higher risks for 
cardiovascular disease, and may respond differently to 
exercise training. They also found large effect sizes for 
exercise training on cardiovascular endurance and mus-
cular endurance and moderate effect sizes for training 
focusing on muscular strength. However, no significant 
effects were found for body composition. Both reviews 
concluded with recommendations for future research and 
identified issues in the areas of experimental design and 
standardization of methods that needed to be addressed.

Fitness—assessment. The last category of fitness rese-
arch on individuals with intellectual disabilities inclu des 
studies that focused on assessment issues related to physi-
cal fitness. The majority of these studies focused either on  
cardio-respiratory endurance (e.g., Baumgartner & Horvat, 
1991; Beets, Pitetti, & Fernhall, 2005; Ellis, Cress, & 
Spellman, 1993; Fernhall, Millar, Pitetti, Hensen, & Vukovich, 
2000; Pitetti, Millar, & Fernhall, 2000; Koh & Watkinson, 
1988; Pitetti, Fernhall, Stubbs, & Stadler, 1997; Watkinson & 
Koh, 1988) or physical activity of individuals with intellectual 
disabilities (e.g., Faison-Hodge & Porretta, 2004; Horvat & 
Franklin, 2001; Kozub, 2003; Lorenze, Horvat, & Pellegrini, 
2000; So-Yeun & Joonkoo, 2009; Stanish, 2004).

A study that investigated the validity and reliabil-
ity of the one-half mile run-walk test as an indicator of 
aerobic fitness for children with intellectual disabilities 
by Fernhall, Pitetti, Stubbs, and Stadler (1996) illustrates 
research in the area of cardiorespiratory assessment. In 
this study, 23 students labeled as mildly or moderately 
mentally retarded and ranging in age from 10 to 17 years 
were measured on two maximal treadmill protocols with 
metabolic measurements and two one-half mile run-walk 
trials. Participants were familiarized with both the test-
ing settings and protocols before being tested. Fernhall  
et al. (1996) measured peak VO2 and heart rate during 
the treadmill tests, time to the nearest second to com-
plete the one-half mile run-walk, and heart rate during the 
run-walk. There were no significant differences between 
the two trials for VO2 max, maximum heart rate, or run-
walk time. Correlations between trials were r = .90 for 
VO2max, r = .81 for maximum heart rate, and r = .96 
for the one-half mile run-walk indicating that the ½ mile 
run-walk was a reliable test. Based on the correlation 
between VO2 max and the one-half mile run walk r = .60  
(p < .05) and the comparison of this relationship to data 
previously reported on children without mental retarda-
tion, the authors concluded that the one-half mile run-
walk had questionable validity as an indicator of aerobic 
capacity for children with mental retardation.

An investigation by Horvat and Franklin (2001) illus-
trates a study designed to examine physical activity in chil-
dren with intellectual disabilities. Participants in this study 
included 23 children from three different schools, ages 6 to 
12, classified as mildly mentally retarded. Participants were 
observed for sixteen minutes using an interval  recording 
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system (i.e., Scheme for Observing Activity Level) on 
three different occasions while engaged in free play in two 
types of recess settings (inclusion and non-inclusion) and 
in the classroom. During each observation period, the stu-
dents also wore a heart rate monitor and an activity monitor. 
Students in the two recess settings were significantly more 
active than in the classroom setting and there was no sig-
nificant difference found between the two recess settings. 
The authors noted that while there were no statistical sig-
nificant differences found between the two recess settings, 
they did observe that the non-inclusive setting provided 
higher activity ratings when compared to the inclusive  
setting.

Readers interested in more information about fitness 
assessment for individuals with ID, should consult excel-
lent literature reviews on this topic by Frey, Stanish, and 
Temple (2008) and Seidi, Reid, and Montgomery (1987).

Motor Skill Studies
The second major category of research studies reviewed 
here pertains to studies that investigated questions related 
to how motor skills were acquired (e.g., Edison & Stadulis, 
1991; Gillespie, 2003; Porretta & O’Brien, 1991; Surburg, 
Porretta, & Sutlive, 1995; Yang & Porretta, 1999) by stu-
dents with intellectual disabilities and/or how students 
with intellectual disabilities learned motor skills in dif-
ferent settings (e.g., Kozub, 2002; Valentini & Rudisill, 
2004) or factors that affect learning in physical education 
(e.g., Gagnon, Touslgnant, & Martel, 1989; Holland, 1987; 
Kozub, Porretta, & Hodge, 2000; Merighi, Edison, &  
Zigler, 1990; Shapiro & Dummer, 1998; Temple & 
Walkley, 1999; Yun & Ulrich, 1997). Motor skills in this 
section refer to fundamental motor patterns used in our 
societal games and sports such as the locomotor and object 
control skills of running, skipping, catching, and throw-
ing. The studies on motor skills have been divided into 
two areas: motor learning studies and field-based studies 
in physical education settings.

Motor learning. Motor learning studies focus on how 
motor skills are learned and/or under what conditions 
they are learned most efficiently. Most motor learning 
studies are conducted in laboratory or highly controlled 
field settings. For example, Gillespie (2003) investigated 
summary versus every-trial knowledge of results for 
individuals with intellectual disabilities. Knowledge of 
results (KR) involves giving the learners feedback either 
mechanically or verbally about the outcome of their per-
formance. Participants for this study were 32 males with 
mild ID with a mean age of 10.75 years. The task involved 
putting a golf ball from a designated spot with a regulation 
club and ball. Students were oriented to the task which 
involved putting a ball and having it stop between two 
horizontal lines located 144 in. (370.08 cm) and 156 in. 
(400.92 cm) in front of the students. After the students 
understood the task, an opaque curtain was placed 60 in. 

(152.40 cm) in front of the students that prevented them 
from seeing where their ball stopped. Students were then 
given 50 putting trials. Both groups received visual (i.e., 
were able to look around the curtain and see where their 
ball stopped) and verbal feedback (i.e., score indicating 
distance from target). Students in the KR1 group received 
KR feedback after each trial whereas students in the KR5 
group received summary feedback after every five trials. 
Retention was measured one day and one week after the 
acquisition trials. Analysis of the data revealed that stu-
dents in the KR1 group obtained statistically significant 
higher scores during the skill acquisition trials than the 
students in the KR5 group. However, students in the KR5 
group obtained significantly higher scores on both the 
one-day and one-week retention tests.

Readers interested in learning more about the theoreti-
cal basis of research on motor learning and motor skill 
acquisition of individuals with ID should consult the book 
by Michael Wade (1986) and the article by Hoover and 
Wade (1986).

Physical education studies. We review two studies in 
this section to highlight the nature of the current research 
in physical education for intellectual disabilities. The first 
study examined learning of physical education under dif-
ferent instructional settings. For more information on this 
topic, readers should consult the review by Block and 
Obrusnikova (2007). The second study illustrates exam-
ples of studies that examined different factors that affect 
the learning of students with intellectual disabilities in 
physical education.

Valentini and Rudisill (2004) investigated the effect 
of an inclusive mastery climate intervention on the motor 
skill development of children with and without disabili-
ties. Participants were 36 students with disabilities and  
68 students without disabilities who were randomly 
assigned to intervention and comparison groups. The mas-
tery intervention training was based on creating a mastery 
climate, which was defined as a systematic approach that 
uses student-centered instruction to target both the moti-
vational level of the student and the processes of learn-
ing. It is a type of climate where the primary emphasis is 
on the autonomy of the child. The teacher facilitates an 
instructional environment in which students are given the 
opportunity to navigate their own learning that they deem 
appropriate for their level of development. The focus of a 
mastery climate is directed toward the process rather than 
on the product or outcome of learning (p. 332). All partici-
pants were pre- and post-tested on the TGMD, which was 
composed of six locomotor and six object control skills. 
The intervention group participated in a twelve-week inter-
vention that met twice a week for sixty minutes and was 
based on a mastery climate and focused on locomotor and 
object control skills. The comparison group participated 
in free play under the supervision of a classroom teacher 
over the twelve-week period. Both groups participated in 



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Physical Education 591

their regular physical education program that met twice a 
week. Both the students with and without disabilities that 
participated in the intervention demonstrated significant 
improvement in the motor performance whereas the par-
ticipants in the comparison group did not.

Temple and Walkley (1999) investigated the academic 
learning time of students with mild intellectual disabilities 
in regular physical education classes. Academic learn-
ing time (ALT) is a measure of teacher effectiveness that 
employs a systematic observation system to quantify the 
percentage of time students spend engaged in the subject 
matter at an appropriate difficulty level. Different types of 
engagement can be measured. This study focused on physi-
cal education time (PE-Time), physical education engage-
ment time (PE-Engaged), the amount of time engaged in 
motor practice (ME) and engagement in motor activity at 
the appropriate difficulty level (MA). Participants for the 
study were drawn from integrated primary and second-
ary schools in Australia sampling students from Grades 3, 
4, 5, 8, 9, and 10. A quota sampling technique was used 
resulting in 24 students with mild intellectual disabilities 
and 48 students without disabilities matching a male and 
female student to each student with intellectual disabili-
ties. The class containing each student was observed five 
times. Data were recorded using an interval recording 
procedure. Data analysis revealed no significant effects 
for the variable grade or interaction of grade with gen-
der or disability. Overall 59% of the allocated class time 
was spent on PE-Time. Of this total, 35% was spent on 
PE-Engaged time and of this 26% was ME and 22% was 
of the appropriate difficulty level. Although there were no 
differences between the students with and without intel-
lectual disabilities on PE-Time, students with intellectual 
disabilities were engaged 40% less in motor activity at 
the appropriate level. The authors argued that students 
with intellectual disabilities were not being provided a 
 curriculum appropriate to their intellectual ability.

A second search of the SPORTDiscus database was 
performed to identify research from 2009–2016 using the 
search terms: intellectual disability, mental retardation, 
physical fitness, physical activity, motor skills, motor 
development, children, youth, and adolescents. Delimiting 
the findings to research studies involving school-aged 
participants with intellectual disabilities produced a total 
of 16 studies, which could broadly be divided into two 
categories: ten interventions studies and six comparative 
studies. The ten intervention studies involved treatments 
designed to improve specific motor skills (n = 5), social 
skills (n = 3), or areas of physical fitness (n = 2). The 
motor skill studies focused on a variety of different inter-
ventions designed to improve motor performance on tar-
get skills: the effects of a five-day bike training program 
(Ulrich, Burghardt, Lloyd, Tiernan, & Hornyak, 2011); 
the effects of an eight-week martial arts training program 
(Maslesa, Videmsek, & Karpljuk, 2012); the effects of an 
eight-week adapted basketball program (Stanišić, Berić, 

Bojić, Nurkić, & Kocić, (2014); the effects of a four-week 
basketball program (Radenkovic, Beric, & Kocic); and the 
effects of a Special Olympics training program for track 
events (Luiselli et al., 2013). Three of the intervention 
studies examined the impact of various types of train-
ing programs on both motor skill performance and social 
skills: the effects of a ten-month table tennis program on 
tennis and social indicators (Francova, 2014); the effects 
of a five-month Special Olympics program on motor and 
social skills (Ciocan, Alexe, & Mares, 2016); and the 
effects of an eight-week structure physical activity program 
on emotional self-control (Choi & Cheung, 2016). The fit-
ness studies focused on a three-month training program 
to improve standing posture and walking performance 
(Hayakawa & Kobayashi, 2011) and a five-month train-
ing program designed to improve balance (Drzewowska, 
Sobera, & Sikora, 2013). The six comparative studies com-
pared the performance of individuals with ID with non-
disabled groups. Four of these studies focused on motor 
skills and compared Finnish children with and without 
IDs on the Test of Gross Motor Development (Rintala &  
Loovis, 2013); motor abilities of students with mild ID 
with non-disabled students (Protić-Gava & Uskoković, 
2016); reaction time after exercise with non-disabled per-
formances (Selickaitė, Rėklaitienė, & Požėrienė, 2014); 
world records of individuals with ID with non-disabled 
world records (Tilinger, 2013); the Eurofit special fitness 
battery for use with individuals with IDs (Skowronski, 
Horvat, Nocera, Roswal, & Croce, 2009); and the relation-
ship between alignment of upper limbs and postural con-
trol for individuals with Down Syndrome (Saeid, Hassan, 
Noureddin, 2014).

Summary of Literature
This brief review of the literature on research in physi-
cal education related to individuals with mild intellectual 
disabilities clearly shows that this is a significant area of 
interest and that a substantial amount of research has been 
conducted. Overall the findings reveal that individuals 
with mild intellectual disabilities tend to perform below 
their age equivalent peers without intellectual disabilities, 
but that with appropriate instruction these deficits can be 
reduced. With regard to gender, males tend to perform 
better than females. Within the population of individuals 
with intellectual disabilities, deficits in performance tend 
to increase as the severity of the intellectual disabilities 
increases. Although the volume of research produced to 
date is encouraging, the majority of it has focused largely 
on one aspect of physical education—physical fitness and 
within physical fitness predominantly on cardiorespira-
tory endurance. Acquisition of motor skills, which con-
stitutes the majority of the content in physical education, 
has received less emphasis in the research literature, and a 
significant body of this research has focused on the learn-
ing of novel skills and/or has employed indirect measures 
of learning such as academic learning time.
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Children with Learning Disabilities

Many children with learning disabilities do not dis-
play gross motor problems and are actually quite ath-
letic. Famous athletes with learning disabilities include 
Olympic gold medalist Bruce Jenner, basketball star 
Magic Johnson, football star Dexter Manley, and baseball 
star Pete Rose (Angle, 2007). However, many children 
with learning disabilities have motor problems (Shaeffer, 
Law, Palatajko, & Miller, 1989). Sherrill and Pyfer (1985) 
found 13% of children with learning disabilities scored 
2–3 years below age level on perceptual motor tests, 
Miyahara (1994) found that 25% of children with LD 
scored poorly in a general motor ability test, and Sugden 
and Wann (1987) found that 50% of 8-year-olds and 29% 
of 12-year-olds had motor problems. Not surprisingly, 
motor problems are most notable in children with motor 
and sensory-related learning problems such as dyspraxia 
and visual processing problems (Conrad, Cermak, & 
Drake, 1983; Shapiro, 2001).

SPORTDiscus was used as the primary search engine 
with the terms “learning disabilities” and “motor,” “motor 
delays,” “physical education,” or “fitness” as the targeted 
search words. The final total of 52 articles were categorized 
as (a) cause of apraxia and movement problems in learning 
disabilities (3 articles), (b) motor development/performance/
ability (22 articles), (c) practice/learning/teaching factors 
and their effect on performance (11 papers), (d) testing/ 
evaluation (7 papers), and (e) psychological variables  
such as self-esteem/expectancies/effort (9 papers). Each  
of these areas is reviewed highlighting key findings and 
trends from the data.

Motor Development, Performance, and Ability
As noted earlier, research shows 13% to 50% of chil-
dren with learning disabilities have motor deficits. Most 
research related to motor performance in children with 
learning disabilities has focused on confirming and then 
specifying these delays. The vast majority of these studies 
examined specific motor coordination problems in chil-
dren with learning disabilities using either the Bruininks-
Oseretsky Test of Motor Proficiency (BOT) (Beyer, 1999; 
Bluechardt & Shephard, 1996; Bruininks & Bruininks, 
1977; Longhurst, Coetsee, & Bressan, 2004; Pyfer & 
Carlson, 1972; Schaeffer et al., 1989), or the Test of Motor 
Impairment (TOMI) (Cermak, Ward, & Ward; 1986; 
Geuze & Borger, 1993; Losse et al., 1991). Both of these 
tests measure general coordination, eye-hand coordina-
tion, response speed, static and dynamic balance. Most of 
these studies were well conceived with an age-matched 
control group and group-sizes of 30 or more participants. 
Results from these studies confirm that many children with 
learning disabilities have delays when compared to peers 
without learning disabilities. For example, Longhurst and 
her colleagues in South Africa compared the motor pro-
ficiency in 60 children 8–12 years of age with and with-
out learning disabilities on the BOT. Children without 

 learning disabilities performed significantly better on all 
eight subtests compared to children with learning disabili-
ties, with most notable differences in balance, strength, 
and upper body speed and dexterity. Similarly, Bleuchardt 
and Shephard in Canada found children with learning dis-
abilities 8–10 years of age scored significantly lower than 
the normative sample on the BOT. As with Longhurst  
et al., the greatest deficits were in balance and upper body 
speed and dexterity, although strength deficits were not 
significant as was the case in Longhurst et al.

Other researchers examining coordination looked at 
one specific aspect of coordination, again finding dif-
ferences between children with and without learning 
disabilities. These studies were well conceived, with 
age-matched control groups and relatively large group 
sizes ranging from 12 to 30 participants. For example, 
Fawcett and Nicolson (1992), Getchell, McMenamin, 
and Whitall (2005), Rousselle and Wolff (1991), Wolff, 
Michel, Ovrur, and Drake (1990), and Yap and Van der 
Leij (1994) found children with learning disabilities had 
more difficulty in consistency and coordinating two tasks 
at one time such as walking and clapping or balancing and 
listening compared to age-matched peers without learning 
disabilities. Woodard and Surburg (1999) found children 
6–8 years of age with learning disabilities demonstrated 
midline crossing inhibition compared to age-matched 
peers without learning disabilities. Kerr and Hughes 
(1987) found children 6–8 years of age were 1–2 years 
delayed compared to age-matched peers in a reciprocal 
finger-tapping task. Lazarus (1994) found children with 
learning disabilities 7–14 years of age had greater levels 
of overflow (an inability to keep one arm or leg still while 
moving the other arm or leg) compared to same-age peers 
without learning disabilities. Finally, Smits-Engelsman, 
Wilson, Westenberg, and Duysens (2003) found children 
ages 9–12 with learning disabilities and developmental 
coordination disorders had no problems with simple draw-
ing tasks (drawing a line from one target to another) but 
did differ from peers without learning disabilities in cycli-
cal drawing tasks (drawing a line back and forth between 
two targets).

Finally, research found many children with learning 
disabilities performed at a lower developmental level 
compared to peers without learning disabilities in fun-
damental motor patterns (Bradley & Drowatzky, 1997; 
Woodard & Surburg, 1997, 2001). For example, Woodard 
and Surburg compared 22 children with and without 
LD 6–8 years on the Test of Gross Motor Development 
(TGMD). The TGMD measures qualitative performance 
on six locomotor (e.g., run, gallop) and six object con-
trol (throw, catch) skills. The test provides age norms for 
comparison. Results found 12 of 22 children with LD per-
formed at a delayed level including six children scoring 
at a poor level and four children at a very poor level. In 
contrast, eight of 22 children without LD performed at a 
delayed level, but of these eight only four performed at  
a poor level, and none performed at a very poor level.
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Psychological Variables Related to Motor 
Difficulties in Children with LD
Motor difficulties and repeated failures in gross motor 
performance in physical education, recreation, and sport 
settings that can lead to psychosocial problems related to 
these movement problems (Doyle & Higginson, 1984; 
Henderson, May, & Umney, 1989; Shaw, Levine, & 
Belfer, 1982; VanRossum & Vermeer, 1990; Willoughby, 
Polatajko, & Wilson, 1995). For example, Shaw and her 
colleagues measured self-esteem in a total of 23 boys 
with learning disabilities (12 with gross motor delays)  
aged 8–12 years using two different scales of self-esteem. 
Boys with poor coordination self-reported themselves 
lower in physical ability, social relationships, and happy 
qualities compared to boys without motor delays. This 
study should be read with some caution given the small 
sample size and use of self-esteem scales in which par-
ticipants were read 80 questions for one scale and 48 for 
the other (quite a bit of listening and thinking for chil-
dren as young as 8 years of age). However, Willoughby 
et al. found similar lower motor-related self-esteem in 
children with learning disabilities and related motor dif-
ficulties with a larger sample (85 children) and stronger 
instruments (i.e., the Bruininks-Oseretsky Test of Motor 
Proficiency to measure gross motor performance and 
the Pictorial Scale of Perceived Competence and Social 
Acceptance for Young Children to measure self-esteem).

Children with LD and motor difficulties are more likely 
to experience less success in physical education and, as 
a result, develop behaviors in an attempt to avoid physi-
cal activity (Dunn & Dunn, 2006; Thompson, Bouffard, 
Watkinson, & Causgrove Dunn, 1994). Dunn and Dunn 
observed 65 fourth- to sixth-grade children with move-
ment difficulties and 65 matched children without movement 
difficulties in general physical education classes. Children 
with movement difficulties in a general physical education 
setting spent less time successfully performing assigned 
activities, spent more time experiencing difficulty in the 
given tasks, and spent more time in off-task behaviors 
when compared to peers without disabilities.

Not all studies examining children with learning dis-
abilities show a relationship between movement and 
self-esteem. Shapiro and Ulrich (2002) examined physical/ 
motor self-esteem in 30 children with and without learn-
ing disabilities aged 10–13 years using the Modified 
Pictorial Scale of Perceived Physical Competence 
(MPSPPC). Results indicated no differences in perceived 
physical competence between children with and without 
learning disabilities. Interestingly, children with learning 
disabilities in this study did not have any motor problems 
or problems in physical education as reported by their 
physical education teachers, which may account for these 
findings. Similarly, Kozub and Porretta (2001) found no 
differences between fifth-grade children with and without 
learning disabilities (12 children per group) on measures 
of task persistence. Children in this study were given 
two physical activity tasks that could not be completed 

successfully. However, both children with and without 
learning disabilities showed similar persistence scores in 
these tasks, suggesting children with learning disabili-
ties do not get frustrated more quickly than peers with-
out disabilities. Again, there was no indication whether 
the children with learning disabilities in their study had 
concomitant motor deficits, which may have altered the 
results, and the small sample size brings into question the 
strength of the study.

Teaching-Learning Variables and Motor 
Performance in Children with  
Learning Disabilities
Several researchers have investigated ways to enhance 
motor performance in children with learning disabili-
ties who have movement difficulties. Some researchers 
examined ways of improving fundamental motor pat-
terns such as throwing and catching and running and 
jumping (Hodge, Murata, & Porretta, 1999; Revie & 
Larkin, 1993; Valentini & Rudisill, 2004). The common 
thread in all these studies was the focus on teaching the 
components of the skills and setting a climate focusing 
on skill mastery rather than competition. For example, 
Hodge and his colleagues found mental preparation 
(closing one’s eyes and going through the components of 
the skill to be performed) significantly improved throw-
ing patterns in elementary-aged children with learning 
disabilities and attention deficits compared to matched 
participants who did not do a warm up or did a traditional 
stretching warm up. Similarly, Revie and Larkin used 
task-specific, intensive teaching instruction to help chil-
dren aged 5–9 years with movement problems improve 
in fundamental movement patterns of the overarm throw, 
target kick, and bounce-and-catch tasks. Hodge et al. 
assigned children to either a group (N = 12) which was 
taught the over-arm throw and hop or to a group (N = 12) 
which was taught target kick or volleyball bounce-and-
catch. Each group acted as the other’s control group, and 
(with the exception of hopping) pretest-posttest scores 
showed significant improvement when the specific skill 
was taught, but there was no such improvement without 
instruction. This is important because physical educa-
tors too often simply introduce skills and then move to 
new skills. Such an approach does not seem to match the 
needs of students with learning disabilities, who require 
intense instruction on specific skills programs and dis-
tributed practice if they are to master skills.

Others have examined more specific treatments or tech-
niques on mastery of more discrete, motor learning tasks. 
Results of these studies showed that constant practice 
schedules improved learning of a simple motor task com-
pared to random practice schedules (Heitman, Erdmann, 
Gurchiek, Kovaleski, & Gilley, 1997); verbal rehearsal 
strategies improved performance in a motor sequencing 
task compared to no modeling and even visual–verbal 
modeling (Kowalski & Sherrill, 1992); relaxation training 
improved reaction time on a visual choice motor test as 
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well as reducing unrelated behaviors (Brandon, Eason, &  
Smith, 1986); and a specialized school-based (Khalsa, 
Morris, & Sifft, 1988) and home-based (Horvat, 1982), 
and cooperative program (Mender, Kerr, & Orlick, 1982) 
improved balance in children with learning disabilities). 
For example, Hietman and his colleagues compared prac-
tice schedules on learning three different versions of the 
same skill in 24 children aged 9–12 years with learning 
disabilities. Children were randomly placed in either a 
constant or variable practice schedule. In the constant prac-
tice schedule, children practiced one variation of the skill 
continuously for ten trials before moving to the next vari-
ation of the skill. In the variable practice group, children 
practiced each variation of the skill ten times but in ran-
dom order. Both groups received the same grand total of 
30 practice trials. Results showed children in the constant 
practice group performed significantly better compared to 
the variable group during learning. However, there were 
no differences between the groups on the following day 
when both groups were presented the task randomly. 
Results showing constant practice improves performance 
during the learning phase is consistent with the motor 
learning research. However, motor learning research also 
shows random practice improves performance in reten-
tion tasks and when transferring to a slightly different skill 
(Schmidt & Wrisberg, 2008). Unfortunately, Hietman and 
his colleagues did not examine retention or transfer, so it 
is still unclear which practice schedule is best for children 
with learning disabilities.

Regarding teaching-learning programs it is important 
to note the controversy surrounding perceptual-motor 
training and children with learning disabilities (Dunn & 
Leitschuh, 2006; Hallahan & Cruickshank, 1973; Kavale &  
Mattson, 1983; Nolan, 2004). Perceptual-motor train-
ing as a treatment for learning disabilities was popular 
in the 1960s and 1970s based on clinical, classroom, and 
anecdotal reports of success remediating specific learn-
ing problems. The basic concept behind the theory is that 
perceptual-motor problems cause learning problems. For 
example, Kephart (1971) suggested a strong relationship 
between finding a figure from its background (a perceptual 
task) and success in academic tasks such as reading and 
writing. Kephart created a remedial program for children 
with learning disabilities grounded in perceptual-motor 
training including balance and posture, locomotion, and 
eye-hand coordination. Similarly, Getman and Frostig 
created visual-perceptual training programs, and Ayres 
created a sensory integration program, all with the idea 
that perceptual-motor training will improve academic 
 performance (Dunn & Leitschuh, 2006).

Unfortunately, analysis of hundreds of studies showed 
perceptual motor training was not an effective method 
to remediate specific learning disabilities (Hallahan & 
Cruickshank, 1973; Kavale & Mattson, 1983). Schaeffer 
et al. (1989) pointed out perceptual-motor training quickly 
fell out of favor with the learning disability community in 
the 1980s, leading the Council for Learning Disabilities 

(Board of Trustees, 1986) to issue a position statement 
opposing “the measurement and training of perceptual 
and perceptual-motor functions as part of learning dis-
ability services” and called for “a moratorium on assess-
ment and training of perceptual and perceptual-motor 
functions in educational programs” (p. 247). Interestingly, 
perceptual-motor training has seen a recent resurgence in 
programs for children with learning disabilities, including 
Educational Kinesiology/Brain Gym (Cammisa, 1994; 
Freeman & Dennison, 1998), which includes stretching 
and unique movements designed to stimulate brain func-
tion, and the Dore Method (Dore, 2010), which includes 
balance activities, throwing and catching bean bags, and a 
range of stretching and coordination exercises. Both pro-
grams purport to improve academic function in children 
with learning disabilities, but these methods have yet to 
be supported by empirical research.

A second search of the SPORTDiscus database was 
performed to identify research from 2008–2016 using 
the search terms “learning disabilities” and matched with 
physical activity, exercise, sport or movement or activity. 
Only articles from 2008 to the present were included. No 
articles were found using this search criterion. However, 
there have been several articles about children with devel-
opmental coordination disorder (DCD) (e.g., Adams, 
Ferguson, Lust, Steenbergen, & Smits-Engelsman, 2016; 
Au et al., 2014; DeMilander, Coetzee, & Venter, 2015; 
Jie et al., 2016). While DCD is not part of the definition 
of learning disability, DCD can be viewed as a specific 
learning disability in the area of motor control. Apparently 
researchers interested in motor development and motor 
control in children with learning disabilities have focused 
on the specific case of DCD.

Children with Emotional Disturbances

There has been very little published on motor develop-
ment delays/issues or physical activity levels of children 
labeled as emotionally disturbed. Perhaps this is due to 
the broad definition of behavior disorder that includes 
everything from conduct disorder to depression to ano-
rexia to anxiety disorder. It may also be due to the fact 
definitions and characteristics of specific types of behav-
ior disorders do not include any motor of fitness delays 
(APA, 2000; Downing, 2007). A search was conducted 
of SPORTDiscus using key disability terms behavior 
disorder, behavior disability, emotional disorder, and 
emotional disability. These disability terms were then 
matched with the terms physical activity, physical edu-
cation, motor, recreation, and sport. Combined, these 
searches produced several hundred articles. Interestingly, 
most of the articles focused on anorexia or ADHD or 
were not focused on motor or physical activity. However, 
there were seven articles found in this search that were 
appropriate for this review. Two of these articles focused 
on attitudes towards physical activity (Merriman, 1993; 
Politino & Smith, 1989). For example, Politino and Smith 
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compared the attitude toward physical activity and self-
concept of children with emotional disturbances aged 
8–13 years from two psychiatric hospitals (n = 80) to  
390 children of the same age without emotional dis-
turbances. Data was collected using two surveys—the 
Children’s Attitude toward Physical Activity Inventory 
and the Piers-Harris Self-Concept Scale. Results found 
that children without disabilities had significantly higher 
attitudes toward physical activity and a higher level of 
self-concept compared to children with emotional dis-
turbances. Two studies focused on using physical activ-
ity (in this case dance) to promote appropriate behaviors 
(Edwards-Duke, Boswell, McGhee, & Decker, 2002) 
or using behavior modification in a physical activity to 
promote appropriate behavior (Jeltma & Vogler, 1985). 
The remaining three studies examined actual physi-
cal activity, motor proficiency or skill development in 
children with behavior disorders (Bar-Eli, Hartman, & 
Levy-Kolker, 1994; Gruber, Hall, McKay, Humphries, & 
Kryscio, 1989; Maiano, Ninot, Morin, & Bilard, 2007). 
To illustrate, Maiano and his colleagues studied effects of 
sport participation (basketball) on basketball skill devel-
opment and physical self-concept in 24 boys with conduct 
disorders aged 11–13 who attended one of two special 
schools in France. Participants were divided into one of 
three groups: competitive basketball at the special school; 
competitive basketball in an integrated, community pro-
gram; and a control group that received regular physical 
activity but not competitive basketball. A basketball skill 
test and self-concept test were administered four times 
over an eighteen-month period. Results showed the two 
competitive groups significantly improved their basket-
ball skills from pre- to posttest, while the control group 
did not see such an improvement. However, there were 
no statistical improvements in self-concept in any of the 
groups from pre- to posttest.

Similarly, there were only three articles that were 
somewhat on topic with the combination of behavior 
disorder and recreation, but these articles focused on the 
effects of therapeutic recreation settings (e.g., adventure-
based program, out-patient therapeutic recreation pro-
gram) on social skill development or appropriate behavior 
(Bloemhoff, 2006; McMahon & Sharpe, 2009; Rothwell, 
Piatt, & Mattingly, 2006). In addition, in our own records 
we found two additional articles that focused on rec-
reation and children with emotional disorders, but again 
these articles focused on the use of recreation settings 
(outdoor challenge program, leisure education program) 
on self-esteem or attitudes towards leisure (Langsner & 
Anderson, 1987; Munson, 1988).

In summary, there were very few studies that exam-
ined motor delays or physical activity issues in children 
with emotional disturbances. Most of the research focused 
on the use of physical activity, sport and recreation on 
improving self-concept, behaviors and attitudes towards 
physical activity. There is nothing in the literature or in 
descriptions of sub-populations of children with behavior 

disturbances that suggest these children have motor delays 
or problems with physical activity. On the other hand, lim-
ited access to community sport and recreation programs 
due to behavior issues and poor attitudes towards physical 
activity makes this population prone to physical inactivity 
and all the unwanted effects of physical inactivity such as 
obesity and health problems.

A second search of the SPORTDiscus database was 
performed to identify research from 2008–2016 using 
the search terms “behavior or emotional disabilities” and 
matched with physical activity, exercise, sport or move-
ment or activity. Only articles from 2008 to the present 
were included. Fifteen articles were found using this 
search criterion. However, only nine of these papers were 
research-based. Five papers focused on the use of exercise 
as an intervention with those with behavior disorders (e.g., 
Brown, Pearson, Braithwaite, Brown, & Biddle, 2013; 
Rėklaitienė, Gaižauskienė, Ostasevičienė, & Požėrienė, 
2014; Samalot-Rivera & Porretta, 2013), including two 
that focused specifically on the effects of exercise on those 
with post-traumatic stress disorder (PTSD) (Bennett, 
Lundberg, Zabriskie, & Eggett, 2014; Scioli-Salter et al., 
2016). There also were three studies on those with eat-
ing disorders (Filaire, Treuve, & Toumi, 2012) including 
three examining college athletes with eating disorders 
(Carrigan, Petrie, & Anderson, 2015; Gapin & Petruzzello, 
2011; Kong & Harris, 2015). It should be noted that only 
three of the studies presented above focused specifically 
on children (Brown et al., 2013; Rėklaitienė et al., 2013; 
Samalot-Rivera & Porretta, 2013).

Autism Spectrum Disorder (ASD)

Autism spectrum disorder (ASD) has been one of the fast-
est growing developmental disabilities, now affecting 1 
in 68 children according to the most recent CDC report 
(Christensen et al., 2016). ASD is defined by two traits 
present from birth: (1) severe deficits in social communi-
cative behaviors (SCD); and (2) highly restrictive, repeti-
tive behaviors (RRB; APA, 2013). Much of the previous 
research on ASD has focused on these two key areas, and 
for good reason, as deficits in these areas can severely 
limit daily function. However, a growing body of research 
over the past decade has focused on the motor develop-
ment of children with ASD (Staples, MacDonald, &  
Zimmer, 2012). This body of research has demonstrated 
strong evidence of a delay or deficit in the motor devel-
opment of children with ASD (Liu, Hamilton, Davis, & 
ElGarhy, 2014; Lloyd, MacDonald, & Lord, 2013; Staples &  
Reid, 2010).

Interestingly, concerns surrounding the coordination 
and movement patterns of children with ASD is not a new 
concept and has been present since the earliest reports of 
ASD research. Kanner (1943), in an analysis of several 
boys with “autism characteristics,” suggested that the 
children appeared “clumsy” and lacked motor control.  
A year later, Hans Asperger (1944; Asperger & Frith, 1991), 
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independent of Kanner (1943), described these participants  
as “clumsy” and “gauche” (p. 90). In the early 1990s the 
World Health Organization (WHO, 1993) stated in The 
International Classification of Diseases, 10th Edition 
(ICD-10) that clumsiness appears to be a common fea-
ture of ASD, but is not required or essential for diagno-
sis. Surprisingly, the motor development of children has 
gone largely unanalyzed until the last decade. Ghaziuddin 
and Butler (1998), in one of the first accounts of this new 
focus of research, found that all 45 of their participants 
with pervasive developmental disorders (PDD) dem-
onstrated issues of motor coordination, with the highest 
rate of “clumsiness” in children diagnosed with autism. 
Berkeley, Zittel, Pitney, and Nichols (2001) in analyzing 
the motor characteristics of 15 children with ASD found 
that nearly all children with ASD were below average, 
with the majority falling in the “poor” or “very poor” 
ranges of the age-matched norms for the Test of Gross 
Motor Development (TGMD; Ulrich, 1985). Further, 
Berkeley et al. (2001) reported that during locomotor test-
ing in particular, participants seemed to focus more on the 
product of the movement (e. g., A to B) than on the process 
(i.e., how to do it). While motor delays appear to be a com-
mon characteristic in children with ASD, there is limited 
understanding of whether these delays are due to some 
underlying, inherent neurological damage associated with 
ASD or due to a combination of the hallmark factors, such 
as limited communication and repetitive behaviors. This 
lack of conclusive evidence as to whether motor impair-
ments are inherent to ASD limits motor characteristics use 
in the diagnostic process even though evidence of delay 
can often occur prior to delays in other key aspects of ASD 
(Liu, 2012; Teitelbaum et al., 2004).

Motor Characteristics of ASD
In order to best understand how to assist individuals with 
ASD to improve motor skills and overall fitness, it is 
important to understand how motor development occurs 
across the life span of individuals. Since this is a relatively 
new area of focus for autism research and much of the cur-
rent focus of the autism community is on the epigenetic of 
the disorder, little longitudinal research has been done on 
the development of motor skills. Therefore, we must look 
to the cross sectional studies to gain an understanding of 
what the motor characteristics of individuals are at each 
age level. Using the SPORTDiscus database, the research 
reviewed revealed two main age group focuses: (1) infants 
and toddlers, and (2) early childhood to young adulthood. 
Little has currently been done on the motor characteristics 
of adults with ASD, although this area is likely to see an 
increase in research in the coming years. In the next para-
graphs, the findings of the motor characteristics of each 
age group will be discussed.

Infants and toddlers. With the drive for early inter-
vention (Lord et al., 2006) and the potential mitigating 
effects of early motor development on early language 

development and social skills (Bedford, Pickles, & Lord, 
2016; MacDonald, Lord, & Ulrich, 2013), reaching chil-
dren with ASD early with interventions is imperative. 
Until recently, with the advent of more robust screen-
ing measures such as the ADOS (Lord et al., 2000) and 
increased national awareness of ASD, diagnosing ASD 
at very young ages has been difficult. While many chil-
dren with ASD receive their diagnosis around 3 years of 
age, for many others this may not happen until they start 
school a few years later (Mandell, Novak, & Zubritsky, 
2005). Understanding motor characteristics of infants and 
toddlers has been limited, but recent studies (Liu, 2012; 
Lloyd et al., 2013; Matson, Mahan, Fodstad, Hess, & 
Neal, 2010) have demonstrated that motor skills of infants 
and toddlers with ASD are severely delayed. For exam-
ple, in an exploratory analysis of 44 children with ASD  
(32 males, 12 females), Liu (2012) demonstrated a delay in 
26 motor milestones (e.g., sitting with support, crawling, 
etc.), according to parental report, with 11 being statisti-
cally different from normative data for children who were 
developing typically. These results offer an extremely 
useful account of the motor characteristics of children 
with ASD, and support previous accounts of delayed 
motor milestones (Ming, Brimacombe, & Wagner, 2007). 
Moreover, Liu et al.’s findings provide evidence that 
motor-skill deficits may be present in children with ASD 
long before SCD present themselves, which presents an 
argument for including motor development to be included 
in the diagnostic assessment.

Lloyd et al. (2013) provide strong additional evidence 
for delayed motor skills in young children with ASD. They 
collected data on 162 participants between the ages of 12 
and 36 months from a large research database in which 
participants had no known genetic disorders besides ASD 
at entry into the study. Fifty-eight participants were meas-
ured a second time approximately twelve months later, 
which provided one of the few longitudinal analyses of 
skill development for this population. Employing a direct 
measure for motor ability (MSEL), results suggest that all 
participants were below the expected scores for chrono-
logical age. Moreover, gross motor development slowed 
significantly as the children aged. In addition to demon-
strating deficits in motor abilities and the increasing gap as 
children age, Lloyd et al. used non-verbal problem- solving 
skills as a covariate within their analysis to account for 
the potential of unrecognized intellectual disabilities (ID) 
to bias the results. Since significant deficits still occurred 
despite controlling for potential identifiers of ID, this 
would suggest that cognitive ability is not responsible for 
the motor delays and supports the theory that motor defi-
cits in children with ASD are not a secondary problem but, 
rather, are inherent to the condition (Lloyd et al., 2013; 
Ozonoff et al., 2008).

Early childhood to young adulthood. Unfortunately, 
the outlook for motor delays and deficits in children with 
ASD do not improve as they mature into  adolescence 
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and young adulthood (see Fournier et al., 2010, for an 
overview of the coordination of individuals with ASD 
across several age groups). Several recent studies found 
motor delays and deficits present in childhood (Liu & 
Breslin, 2013a; Whyatt & Craig, 2012) through adoles-
cence (Green et al., 2009; Jasiewicz et al., 2006) and 
into young adulthood (Abu-Dahab, Skidmore, Holm, 
Rogers, & Minshew, 2012). There are no known stud-
ies of the motor characteristics of adults with ASD; this 
will warrant future research as the large population of 
children with ASD ages and requires additional services 
(Turcotte, Mathew, Shea, Brusilovskiy, & Nonemacher, 
2016). Furthermore, deficits in early childhood through 
adolescence are present in individuals with ASD com-
pared to peers without ASD (Liu et al., 2014) and devel-
opmentally matched peers (Staples & Reid, 2010). Even 
so, delays and deficits may not be universal across the 
autism spectrum (Dewey, Cantell, & Crawford, 2007). 
In a recent analysis of 21 children with ASD (M age = 
7.57 years) and 21 age-matched typically developing 
children (M age = 7.38), Liu et al. (2014) found that the 
overall gross motor scores of children with ASD were 
significantly different (p = .002) from those of their 
peers without ASD. Furthermore, effect sizes, as deter-
mined by Cohen’s d, were large on the locomotor subtest  
(ES = 1.12), object-control subtest (ES = 1.07), and over-
all gross motor quotient (ES = 1.00). These results pro-
vide important information about how children with ASD 
perform motor skills compared to their peers. However, 
several aspects of the study raise concerns about over-
interpreting the results. As with many studies of individ-
uals with ASD, the sample size is small, and therefore 
findings are difficult to generalize to the broader popula-
tion. Second, MacDonald, Lord, & Ulrich (2014) suggest 
that the severity of the symptoms (i.e., SCD and RRB) 
of ASD affects the individual’s gross motor abilities 
(i.e., the more severe the symptoms, the lower the gross 
motor score). Liu et al. (2014) did not report this in their 
analysis; perhaps participants in their sample were on the 
more severe end of the autism spectrum in terms of over-
all symptoms, and therefore results would differ signifi-
cantly in individuals with fewer ASD-specific symptoms.

Staples and Reid (2010) further provide evidence that 
suggests a deficit in motor skills among children and 
 adolescents with ASD. Twenty-five children with ASD 
(M age = 11.15 years; 21 males, 4 females) were compared 
to three separate comparison groups without disabilities, 
each individually matched on either (a) chronological age, 
(b) movement skill performance, or (c) mental age. Using 
the locomotor and object-control raw scores from the 
TGMD-2 (Ulrich, 2000), Staples and Reid (2010) showed 
a significant difference between children with ASD and 
the chronological age-matched (p < .01) and mental age-
matched (p < .01) groups. There was no significant differ-
ence between the children with ASD and developmentally 
matched group (M age = 5.87) on locomotor (p = .72) or 
object-control (p = .81) skills, suggesting that children 

with ASD tend to perform motor skills at a level about 
half their age. Staples and Reid stated that all of the par-
ticipants with ASD were able to perform each of the skills 
of the TGMD-2. However, all participants demonstrated 
difficulty in coordinating movements, especially between 
sides of the body or arms and legs. Staples and Reid sug-
gested that difficulties in performing object-control tasks 
(e.g., throwing, striking, dribbling a basketball), could 
stem from limited exposure to and practice of the skills.

Models of Intervention
As with research on the overall motor characteristics of 
individuals with ASD, research focused on methods of 
intervention of motor skills is also limited and plagued 
by small sample sizes. Again, using the SPORTDiscus 
database, recent research was analyzed regarding the cur-
rent best practices for helping children with ASD improve 
their motor skills. Two types of intervention for ASD 
became event during the literature searches: (1) physical 
activity based, and (2) motor skill based. The predominant 
research of each area will be discussed in the following 
paragraphs.

Physical activity intervention. Recent evidence sug-
gests that individuals with ASD are not likely to engage 
in high levels of physical activity (Pan & Frey, 2006), and 
rates are likely to decline as the child ages (MacDonald, 
Esposito, & Ulrich, 2011; Memari et al., 2012). Yet, sev-
eral recent studies and literature reviews provide posi-
tive evidence for the use of exercise-based interventions 
to assist with motor and social deficits in individuals 
with ASD (Bremer, Crozier, & Lloyd, 2016; Sowa & 
Meulenbrowk, 2011; Strahan & Elder, 2013). However, 
small sample sizes limits the findings’ generalizability. 
Furthermore, the suggested effects of exercise and physi-
cal activity on ASD are limited due to the great variance 
among individuals with ASD. Nevertheless, when look-
ing at the research in this area as a whole, evidence for 
increasing the physical activity of individuals with ASD 
is overwhelmingly positive. Furthermore, the general 
focus of physical activity intervention has been more 
focused on increasing physical activity and decreasing 
unwanted behaviors, while being less focused on actual 
skill development.

Bremer et al. (2016), in a recent review of 13 stud-
ies, focused on the impact of exercise interventions on 
behavioral outcomes for children and youth (≤ 16 y/o) 
with ASD. Bremer et al. reported that a total of 11 behav-
ioral outcomes were assessed across the 13 studies, and 
outcomes were divided into three broad categories: ste-
reotypic behaviors (i.e., SCD and RRB), cognitional and 
attention (i.e., on-task behavior, academic responding, 
and work performance), and social-emotional behavior 
(i.e., adaptive skills, social skills, and problem behaviors). 
Overall, the interventions included suggest that exercise 
can be an effective method to address behavioral issues 
in children with ASD. However, the variance between 
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studies on frequency, intensity, type, and dosage made 
avenues for future research or practical implications dif-
ficult to identify. Furthermore, the variation in what con-
stituted “exercise” provides little practical guidance. This 
diversity was further demonstrated in the meta-analysis 
by Sowa and Meulenbroek (2011). Overall, in a limited 
number of studies (n = 16), Sowa and Meulenbroek sug-
gest that exercise-based interventions have a positive 
effect on both the motor and social skills of individuals 
with ASD. Even so, the variability between studies, again, 
makes practical suggestions difficult. Individual interven-
tions, compared to group interventions, seemed to provide 
a greater benefit for individuals with ASD. Unfortunately, 
similar to the conclusions of Bremer et al. (2016), the vari-
ability among participants in each of the studies Sowa and 
Meulenbroek reviewed provides little in terms of gener-
alizability and must be interpreted on an individual level 
based on severity of ASD.

Motor skill intervention. Although numerous inter-
ventions have been developed to address various aspects 
of the characteristics of ASD (McDonald & Machalicek, 
2013; Wong et al., 2013), few address the development of 
motor skills in children with ASD. Instead, the majority 
address the core stereotypic characteristics of ASD. This 
lack of attention to motor skills is critical, given recent 
findings that link motor skill development and social and 
language development in children with ASD. A literature 
review revealed few studies (n = 7) focused on motor 
interventions for improving FMS in children with ASD. 
Three of the most recent studies (Bremer & Lloyd, 2016; 
Bremer, Balogh, & Lloyd, 2014; Ketcheson, Hauck, & 
Ulrich, 2016) demonstrated an increasing awareness of 
the needs of children with ASD in relation to motor devel-
opment. For example, Bremer and colleagues (2014), in 
a small sample (n = 9) pilot study of 4-year-old children 
with ASD, demonstrated an FMS intervention’s positive 
effect on gross motor skills, as well as improvements 
in adaptive behavior and social skills. This intervention 
consisted of twelve hours of direct instruction given over 
either six weeks (two hours per week) or twelve weeks  
(one hour per week). The intervention covered all FMS 
(e.g., running, hopping, leaping, throwing, catching, etc.) 
and was delivered either 1-on-1 or 1-on-2, following a 
similar format each week: warm-up, review of previous 
skill, direct instruction on new skill, practice of new skill, 
obstacle course, free play, and clean up (Bremer et al., 
2014). This intervention mimicked the flow of a typical 
physical education (PE) or adapted physical education 
(APE) class. Although the intervention demonstrated a 
positive influence on the development of FMS in young 
children with ASD, little information was provided as to 
the prompts and instruction for each skill except that the 
delivery method was direct instruction, likely due to limi-
tations of space in publishing. In a similar format, Bremer 
and Lloyd (2016) applied a similar strategy in a school-
based setting for five children with ASD and ASD-like 

symptoms (3–7 years of age). Again, the intervention was 
provided in PE/APE-like format: warm-up, review of pre-
vious skill, instruction on and practice of new skill, obstacle 
course, and clean up, and concluded with an opportunity 
to play with a ride-on bike as a reward. An instructional 
example was provided that detailed the use of visuals, 
environmental cues, verbal cues, and physical prompt-
ing. Given in two six-week blocks consisting of thirteen-
and-a-half hours of 1-on-1 instruction, Bremer and Lloyd 
identified improvements in many individual items, as 
well as overall improvement in locomotor skills for four 
of the participants and in object control skills for three of  
the participants. Further, while there is merit to providing 
instruction within the constraints of the classroom setting, 
devoting one week to each skill may not provide enough 
instruction to sustain growth in motor abilities.

Although Bremer et al. (2014), Bremer and Lloyd 
(2016) and the other reviewed studies support the effec-
tiveness of motor interventions to build motor skills in 
children with ASD, only limited information is avail-
able about what should be done or how interventions 
should be delivered. Bremer et al. provide some insight 
into instructions and content, but information is limited. 
Studies by Bremer et al. and Bremer and Lloyd do pro-
vide evidence that “single-step instructions, progressive 
skill acquisition, and visual prompts” (Bremer et al., 
2014, p. 68) can be effective in relaying information to 
children with ASD to assist with motor skills. Research 
into the effect of visuals (Breslin & Rudisill, 2011, 2013; 
Liu & Breslin, 2013b) on performance of motor tasks has 
demonstrated the potential importance of ensuring that 
the most effective instructional methods are used with 
children with ASD.

Current Issues and Challenges

Clearly, conducting research in the physical and motor 
domains presents many challenges when working with 
students with developmental disabilities (Reid, Dunn, & 
McClements, 1993). These challenges can range from 
issues related to recruiting, communicating and achiev-
ing informed consent, or preparing participants for par-
ticipation and encouraging but not coercing compliance 
with the research protocol. While these are all important 
challenges, this section is going to briefly touch on three 
much broader issues: (a) the need for coordinated, multi-
disciplinary research; (b) the need for uniform, depend-
ent measures for physical and motor skill assessment; and  
(c) the need for consistent definitions of disabilities.

Research in physical education is generally not guided 
by any systematic master plan, but instead is largely a 
collection of small, often one-attempt studies, employing 
different definitions of participants, dependent measures, 
testing protocols, and/or training programs. Research in 
physical education needs to become more multidiscipli-
nary, better integrated with collaborative research in spe-
cial education, and conducted on a large scale. To this end, 
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it is recommended that the professional associations (e.g., 
SHAPE America and CEC) work together to conduct a 
national needs assessment and the creation of a national 
research agenda for individuals with developmental dis-
abilities that includes physical education. Within physical 
education it is also recommended that the following issues 
be addressed:

1. Create and validate physical fitness and motor skill 
assessment instruments that can be used to measure 
physical and motor development across the PK–adult age 
range for individuals with developmental disabilities.

2. Work with state departments of education to infuse 
these uniform physical fitness and motor skill assess-
ments into the PK–12 school physical education cur-
riculum so that comparable data are collected on all 
students as part of the normal educational process.

3. Researchers need to partner with local schools to assist 
in valid data collection, analysis, and interpretation 
and then to work collaboratively with schools and state 
education systems in creating large-scale interven-
tion programs to address identified needs that can be 
 replicated and easily transferred to other schools.

Physical education is defined in IDEA as the “develop-
ment of (a) physical and motor fitness, (b) fundamental 
motor skills and patterns, and (c) skills in aquatics, dance, 
and individual and group games and sports (includ-
ing intramural and lifetime sports)” (Department of 
Education, 2002, p. 18). The review of research in this 
chapter reveals that while a substantial amount of research 
has been conducted in the area of physical education with 
individuals with developmental disabilities, the empha-
sis and the focus of the research has not been well bal-
anced. For example, the vast majority of the research 
on individuals with ID has focused on just one aspect of 
physical education that is physical fitness and much of 
that research has focused on only one area of fitness—
validating measures of cardiovascular endurance. Future 
research in physical education, therefore, needs to apply 
a more balanced approach, which examines all aspects of 
physical education particularly given the clear relation-
ship between one’s ability to move competently and one’s 
ability to stay active and be physically fit. It should also 
be clear that the majority of the components of physical 
education are developed and learned at younger ages and 
therefore require more research efforts at the preschool 
and elementary levels. Innovative solutions are needed to 
address the challenges of creating research designs, find-
ing valid dependent measures, and working with younger 
participants with developmental disabilities.

Finally, the range of physical and motor abilities of stu-
dents within any given developmental disability label can 
vary tremendously depending on the nature of the defi-
nition and how it was assessed. This is particularly true 
for students labeled specific learning disability (SLD) and 
ASD. For example, matching two students on the label 

SLD may control for little of the variance on a motor 
assessment due to their disability if one has an auditory 
processing problem and the other a visual processing 
problem. Students with LD who have motor delays vary 
widely from study to study. What further confounds the 
research is the new label of developmental coordination 
disorder (DCD). Questions that need to be answered are 
what percentage of children with LD have DCD, and what 
percentage of children with DCD have LD? In addition, 
do children with LD who have DCD or significant motor 
delays have specific types of learning disabilities (e.g., 
dyslexia) vs. other types of learning disabilities?

References
Abu-Dahab, S. M. N., Skidmore, E. R., Holm, M. B., Rogers, J. C., &  

Minshew, N. J. (2012). Motor and tactile-perceptual skill dif-
ferences between individuals with high-functioning autism and 
typically developing individuals ages 5–21. Journal of Autism and 
Developmental Disorders, 43, 2241–2248. http://doi.org/10.1007/
s10803-011-1439-y

Adams, I. L., Ferguson, G. D., Lust, J. M., Steenbergen, B., & Smits-
Engelsman, B. C. (2016). Action planning and position sense in chil-
dren with developmental coordination disorder. Human Movement 
Science, 46, 196–208.

American Psychiatric Association (APA) (2013). Diagnostic and statis-
tical manual of mental disorders (5th ed.). Washington, DC: Author.

Angle, B. (2007, September). Winning the “game” against learning disa-
bilities. Coach and Athletic Director. Retrieved November 10, 2008, 
from http://findarticles.com/p/articles/mi_m0FIH/is_/ai_n27379279

Asperger, H. (1944). Die “Autistischen psychopathen” im kindesalter. 
Arch Psychiatr Nevernkr, 117, 76–136.

Asperger, H., & Frith, U. (1991). “Autistic psychopathy” in childhood. 
In U. Frith, Autism and Asperger syndrome (pp. 37–92), New York, 
NY: Cambridge University Press.

Au, M. K., Chan, W. M., Lee, L., Chen, T. M., Chau, R. M., &  
Pang, M. Y. (2014). Core stability exercise is as effective as task-
oriented motor training in improving motor proficiency in children 
with developmental coordination disorder: a randomized controlled 
pilot study. Clinical Rehabilitation, 28, 992–1003.

Auxter, D. M. (1966). Strength and flexibility of differentially diagnosed 
educable mentally retarded boys. Research Quarterly, 37, 455–461.

Bar-Eli, M., Hartman, I., & Levy-Kolker, N. (1994). Using goals set-
ting to improve physical performance of adolescents with behavior 
disorders: The effects of goal proximity. Adapted Physical Activity 
Quarterly, 11, 86–97.

Baumgartner, T., & Horvat, M. (1991). Reliability of field based cardio-
vascular fitness running tests for individuals with mental retardation. 
Adapted Physical Activity Quarterly, 8, 107–114.

Beasley, C. R. (1982). Effects of jogging program on cardiovascular fit-
ness and work performances of mentally retarded persons. American 
Journal of Mental Deficiency, 87, 609–613.

Bedford, R., Pickles, A., & Lord, C. (2016). Early gross motor skills pre-
dict the subsequent development of language in children with autism 
spectrum disorder. Autism Research, 9(9), 993–1001.

Beets, M. W., Pitetti, K. H., & Fernhall, B. (2005). Peak heart rates in 
youth with mental retardation: Pacer vs. treadmill. Pediatric Exercise 
Science, 17, 51–61.

Bennett, J. L., Lundberg, N. R., Zabriskie, R. B., & Eggett, D. L. 
(2014). Addressing posttraumatic stress among Iraq and Afghanistan  
veterans and significant others: An intervention utilizing sport and 
recreation. Therapeutic Recreation Journal, 48(1), 74–93.

Berkeley, S. L., Zittel, L. L., Pitney, L. V., & Nichols, S. E. (2001). 
Locomotor and object control skills of children diagnosed with 
autism. Adapted Physical Activity Quarterly, 18, 405–416.



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Luke E. Kelly et al.600

Beyer, R. (1999). Motor proficiency of boys with attention deficit 
hyperactivity disorder and boys with learning disabilities. Adapted 
Physical Activity Quarterly, 16, 403–414.

Block, M. E., & Obrusnikova, I. (2007). Inclusion in physical education:  
A review of the literature from 1995–2005. Adapted Physical Activity 
Quarterly, 24, 103–124.

Bloemhoff, H. J. (2006). The effect of an adventure-based recreation 
programme (ropes course) on the development of resiliency in at-risk 
adolescent boys confined to a rehabilitation centre. South African 
Journal of Research in Sport, 28(1), 1–11.

Bluechardt, M., & Shephard, R. J. (1996). Motor performance impairment 
in students with learning disability: Influence of gender and body 
build. Sports Medicine, Training and Rehabilitation, 7, 133–140.

Board of Trustees of the Council for Learning Disabilities (1986). 
Measurement and training of perceptual and perceptual-motor func-
tions: A position statement. Overland Park, KS: Author.

Brace, D. K. (1968). Physical education and recreation of mentally 
retarded pupils in public schools. Research Quarterly, 39, 779–782.

Bradley, C. B., & Drowatzky, J. N. (1997). Time intervals of five succes-
sive steps in children with learning disabilities and children without 
learning disabilities. Clinical Kinesiology, 51, 58–61.

Brandon, J. E., Eason, R. L., & Smith, T. L. (1986). Behavioral relaxa-
tion training and motor performance of learning disabled children 
with hyperactive behaviors. Adapted Physical Activity Quarterly, 3, 
67–79.

Bremer, E., Balogh, R., & Lloyd, M. (2014). Effectiveness of a fun-
damental motor skill intervention for 4-year-old children with 
autism spectrum disorder: A pilot study. Autism, 1–12. http://doi.
org/10.1177/1362361314557548

Bremer, E., Crozier, M., & Lloyd, M. (2016). A systematic review of the 
behavioural outcomes following exercise interventions for children 
and youth with autism spectrum disorder. Autism, 20(8), 899–915.

Bremer, E., & Lloyd, M. (2016). School-based fundamental-motor-skill 
intervention for children with autism-like characteristics: An explor-
atory study. Adapted Physical Activity Quarterly, 3, 66–88. http://
doi.org/10.1123/APAQ.2015-0009

Breslin, C. M., & Rudisill, M. E. (2011). The effect of visual supports 
on performance of the TGMD-2 for children with autism spectrum 
disorder. Adapted Physical Activity Quarterly, 28, 342–353.

Breslin, C. M., & Rudisill, M. E. (2013). Relationships among assess-
ment time, time on task, and motor skill performance in children with 
autism spectrum disorder. Adapted Physical Activity Quarterly, 30, 
338–350.

Brown, H., Pearson, N., Braithwaite, R., Brown, W., & Biddle, S. (2013). 
Physical activity interventions and depression in children and adoles-
cents. Sports Medicine, 43(3), 195–206.

Bruininks, V. L., & Bruininks, R. H. (1977). Motor proficiency of learn-
ing disabled and nondisabled students. Perceptual and Motor Skills, 
44, 1131–1137.

Bundschuh, E., & Cureton, K. (1982). Effect of bicycle ergometer con-
ditioning on the physical work capacity of mentally retarded adoles-
cents. American Corrective Therapy Journal, 36, 159–163.

Burkett, L. N., & Ewing, N. (1983). Max VO2 uptake on five trainable 
mentally retarded high school students. Reston, VA: AAHPERD 
Abstracts.

Cammisa, K. M. (1994). Educational kinesiology with learning disa-
bled children: An efficacy study. Perceptual and Motor Skills, 78, 
105–106.

Campbell, J. (1974). Improving the physical fitness of retarded boys. 
Mental Retardation, 11, 26–29.

Can, F., Ergun, N., Yilmaz, Y., Bayrak, C., Konukman, F., Agbuga, B., &  
Zorba, E. (2005). Effects of a 10-week swimming program on the 
respiratory functions of children with mental retardation. Research 
Quarterly for Exercise & Sport, 76, A27–A28.

Carrigan, K. W., Petrie, T. A., & Anderson, C. M. (2015). To weigh 
or not to weigh? Relation to disordered eating attitudes and behav-
iors among female collegiate athletes. Journal Of Sport & Exercise 
Psychology, 37(6), 659–665.

Carter, J. L. (1966). The status of mentally retarded boys on the 
AAHPER Youth Fitness Test. Texas Association for Health, Physical 
Education, and Recreation Journal, 34, 8, 29–31.

Cermak, S. A., Ward, E. A., & Ward, L. M. (1986). The relationship 
between articulation disorders and motor coordination in children. 
The American Journal of Occupational Therapy, 40, 546–550.

Chanias, A. K., Reid, G., & Hoover, M. L. (1998). Exercise effects on 
health-related physical fitness of individuals with an intellectual dis-
ability: A meta-analysis. Adapted Physical Activity Quarterly, 15, 
119–140.

Choi, P., & Cheung, S. (2016). Effects of an 8-week structured physical 
activity program on psychosocial behaviors of children with intel-
lectual disabilities. Adapted Physical Activity Quarterly, 33, 1–14.

Chow, B., Frey, G. C., Cheung, S., & Louie, L. (2005). An examina-
tion of the health-related physical fitness levels in Hong Kong youth 
with intellectual disability. Journal of Exercise Science & Fitness, 
3, 9–16.

Christensen, D. L., Baio, J., Van Naarden Braun, K., Bilder, D., Charles, 
J., Constantino, J. N., . . . Yeargin-Allsopp, M. (2016). Prevalence 
and characteristics of autism spectrum disorder among children aged 
8 years: Autism and developmental disabilities monitoring network, 
11 Sites, United States, 2012. MMWR Surveill Summ, 65(3), 1–28.

Ciocan, D. M., Alexe, D. I., & Mares, G. (2016). The role of Special 
Olympics program on developing motor and social skills for indi-
viduals with Down syndrome. Science, Movement, and Health, 16, 
156–163.

Coleman, A., Ayoub, M., & Friedrich, D. (1976). Assessment of the 
physical work capacity of institutionalized mentally retarded males. 
American Journal of Mental Deficiency, 80, 629–635.

Conrad, K. E., Cermak, S. A., & Drake, C. (1983). Differentiation of 
praxis among children. The American Journal of Occupational 
Therapy, 37, 466–473.

Corder, W. O. (1966). Effects of physical education on the intellectual, 
physical, and social development of educable mentally retarded 
boys. Exceptional Children, 32, 357–364.

Cressler, R. V., Lavay, B., & Giese, M. (1988). The reliability of four 
measures of cardiovascular fitness with mentally retarded adults. 
Adapted Physical Activity Quarterly, 5, 285–292.

De Milander, M., Coetzee, F. F., & Venter, A. (2015). Perceptual-
motor intervention for developmental coordination disorder in grade 
1 children. South African Journal for Research in Sport, Physical 
Education & Recreation (SAJR SPER), 3, 15–32.

Department of Education (2002). Code of federal regulations. 34 CFR, 
Parts 300–399, July 1, 2002.

Dewey, D., Cantell, M., & Crawford, S. G. (2007). Motor and gestural 
performance in children with autism spectrum disorders, develop-
mental coordination disorder, and/or attention deficit hyperactivity 
disorder. Journal of the International Neuropsychological Society, 
13, 246–256.

Dore (2010). Retrieved February 6, 2017 from www.dore.co.uk/
Downing, J. A. (2007). Students with emotional and behavioral  

problems: Assessment, management and intervention strategies. 
Tappan, NJ: Merrill.

Doyle, B. A., & Higginson, D. C. (1984). Relationships among self-
concept and school-achievement, maternal self-esteem, and sensory 
integration abilities for learning disabled children ages 7–12 years. 
Perceptual and Motor Skills, 58, 177–178.

Drzewowska, I., Sobera, M., & Sikora, A. (2013). Posture control after  
5 months body balance training in Down syndrome children and 
youth. Fizjoterapia, 21(3), 3–15.

Dunn, J. C., & Dunn, J. G. H. (2006). Psychosocial determinants of 
physical education behavior in children with movement difficulties. 
Adapted Physical Activity Quarterly, 23, 293–309.

Dunn, J. M., & Leitschuh, C. A. (2006). Special physical education  
(8th ed.). Dubuque, IA: Kendall/Hunt.

Dunn, J. M., Moorehouse, J. W., Anderson, R. B., Fredericks, H. D., 
Baldwin, V. L., Blair, F. L., & Moore, W. (1980). A data based gym-
nasium. Monmouth, OR: Instructional Development Corporation.



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Physical Education 601

Dykens, E. M., Rosner, B. A., & Butterbaugh, G. (1998). Exercise and 
sports in children and adolescents with developmental disabilities: 
Positive physical and psychosocial effects. Child & Adolescent 
Psychiatric Clinics of North America, 7, 757–771.

Edison, T. A., & Stadulis, R. E. (1991). Effects of variability of prac-
tice on the transfer and performance of open and closed motor skills. 
Adapted Physical Activity Quarterly, 8, 342–356.

Edwards-Duke, B., Boswell, B., McGhee, S., & Decker, J. (2002). 
Creative educational dance and children with behavior disorders: 
Encouraging a spirit of cooperation. Journal of Dance Education, 
2(1), 23–31.

Ellis, D. N., Cress, P. J., & Spellman, C. R. (1993). Training students 
with mental retardation to self-pace while exercising. Adapted 
Physical Activity Quarterly, 10, 104–115.

Etherton, D., Covington, N. K., Burt, T., & Weishaar, M. K. (2006). 
Effects of Pilates on the health-related physical fitness of individuals 
with disabilities. Research Quarterly for Exercise & Sport, 77, A93.

Faison-Hodge, J., & Porretta, D. L. (2004). Physical activity levels of 
students with mental retardation and students without disabilities. 
Research Quarterly for Exercise and Sport, 73, 103–105.

Fawcett, A. J., & Nicolson, R. J. (1992). Automatisation deficits in bal-
ance for dyslexic children. Perceptual and Motor Skills, 75, 507–529.

Fernhall, B. (1993). Physical fitness and exercise training of individuals 
with mental retardation. Medicine & Science in Sports & Exercise, 
25, 442–450.

Fernhall, B., Millar, A. L., Pitetti, K. H., Hensen, T., & Vukovich, M. D.  
(2000). Cross validation of the 20-m shuttle run tests for children 
with mental retardation. Adapted Physical Activity Quarterly, 17, 
402–412.

Fernhall, B., Millar, L., Tymeson, G., & Burkett, L. (1989). Cardio-
vascular fitness testing and fitness levels of adolescents and adults 
with mental retardation including Down syndrome. Education and 
Training of the Mentally Retarded, June, 133–138.

Fernhall, B., Millar, A. L., Tymeson, G., & Burkett, L. N. (1990). 
Maximal exercise testing of mentally retarded adolescents and adults: 
Reliability study. Archives of Physical Medicine and Rehabilitation, 
71, 1065–1068.

Fernhall, B., & Pitetti, K. H. (2001). Limitations of physical work 
capacity in individuals with mental retardation. Clinical Exercise 
Physiology, 3, 176–182.

Fernhall, B., Pitetti, K. H., Stubbs, N., & Stadler, L. (1996). Validity and 
reliability of the ½-mile run-walk as an indicator of aerobic fitness 
in children with mental retardation. Pediatric Exercise Science, 8, 
130–142.

Fernhall, B., & Tymeson, G. (1988). Validation of a cardiovascular 
 fitness field test for adults with mental retardation. Adapted Physical 
Activity Quarterly, 5, 49–59.

Fernhall, B., Tymeson, G., & Webster, G. (1988). Cardiovascular fit-
ness of mentally retarded individuals. Adapted Physical Activity 
Quarterly, 5, 12–28.

Filaire, E., Treuve, P., & Toumi, H. (2012). Relationship between eating-
behavior disorders and psychological parameters in male first-year 
physical education students. International Journal of Sport Nutrition 
& Exercise Metabolism, 22(5), 383–391.

Findlay, H. I. (1981). Adaptation of Canada fitness award for the train-
able mentally handicapped. Journal of the Canadian Association of 
Health, Physical Education, and Recreation, 48, 5–12.

Foley, J. T. (2006). Exploring the physical activity levels of students 
with mental retardation and students without disabilities in both 
school and after-school environments. Unpublished doctoral disser-
tation, Oregon State University, Corvallis.

Fournier, K. A., Hass, C. J., Naik, S. K., Lodha, N., & Cauraugh, J. H. 
(2010). Motor coordination in autism spectrum disorders. Journal of 
Autism and Developmental Disorders, 40(10), 1227–1240. http://doi.
org/10.1007/s10803-010-0981-3 

Fox, R., Burkhart, J. E., & Rotatori, A. F. (1983). Appropriate classifi-
cation of obesity of mentally retarded adults. American Journal of 
Mental Deficiency, 88, 112–114.

Fox, R., & Rotatori, A. F. (1982). Prevalence of obesity among men-
tally retarded adults. American Journal of Mental Deficiency, 87, 
228–230.

Francis, R. J., & Rarick, G. L. (1959). Motor characteristics of the 
mentally retarded. American Journal of Mental Deficiency, 63, 
792–811.

Francova, L. (2014). The level of physical and social skills after comple-
tion of the training program for children aged 9–11. Acta Gymnica, 
44(1), 33–45.

Freeman, C. K., & Dennison, G. E. (1998). I am the child: Using brain 
gym with children who have special needs. Ventura, CA: Edu-
Kinesthetics.

Frey, G. C., McCubbin, J. A., Hannigan-Downs, S., Kasser, S. L., & 
Skaggs, S. O. (1999). Physical fitness of trained runners with and 
without mental retardation. Adapted Physical Activity Quarterly, 16, 
127–136.

Frey, G. C., Stanish, H. I., & Temple, V. A. (2008). Physical activity 
of youth with intellectual disability: Review and research agenda. 
Adapted Physical Activity Quarterly, 25, 95–117.

Gagnon, J., Tousignant, M., & Martel, D. (1989). Academic learn-
ing time in physical education classes for mentally handicapped. 
Adapted Physical Activity Quarterly, 6, 280–290.

Gapin, J. I., & Petruzzello, S. J. (2011). Athletic identity and disordered 
eating in obligatory and non-obligatory runners. Journal Of Sports 
Sciences, 29, 1001–1010.

Getchell, N., McMenamin, S., & Whitall, J. (2005). Dual motor task 
coordination in children with and without learning disabilities. 
Adapted Physical Activity Quarterly, 22, 21–38.

Geuze, R., & Borger, H. (1993). Children who are clumsy: Five years 
later. Adapted Physical Activity Quarterly, 10, 10–21.

Ghaziuddin, M., & Butler, E. (1998). Clumsiness in autism and Asperger 
syndrome. Journal of Intellectual Disability Research, 42, 43–48.

Gillespie, M. (2003). Summary versus every-trial knowledge of results 
for individuals with intellectual disabilities. Adapted Physical 
Activity Quarterly, 20, 46–57.

Green, D., Charman, T., Pickles, A., Chandler, S., Loucas, T., Simonoff, 
E., & Baird, G. (2009). Impairments in movement skills of children 
with autistic spectrum disorders. Developmental Medicine & Child 
Neurology, 51, 311–316.

Gruber, J. J., Hall, J. W., McKay, S. E., Humphries, L. L., & Kryscio, R. J.  
(1989). Motor proficiency and neuropsychological function in 
depressed adolescent inpatients: A pilot investigation. Adapted 
Physical Activity Quarterly, 6, 32–39.

Hallahan, D. P., & Cruickshank, W. M. (1973). The efficacy of percep-
tual-motor training. In D. P. Hallihan & W. M. Cruickshank (Eds.), 
Psychoeducational foundations of learning disabilities (pp. 176–215). 
Englewood Cliffs, NJ: Prentice Hall.

Halle, J. W., Silverman, N. A., & Regan, L. (1983). The effects of a 
data-based exercise program on physical fitness of retarded children. 
Education and Training of the Mentally Retarded, 18, 221–225.

Hayakawa, K., & Kobayashi, K. (2011). Physical and motor skill train-
ing for children with intellectual disabilities. Perceptual and Motor 
Skills, 112(2), 573–580.

Heitman, R., Erdmann, J., Gurchiek, L., Kovaleski, J., & Gilley, W. 
(1997). Constant versus variable practice in learning a motor task 
using individuals with learning disabilities. Clinical Kinesiology, 
51(3), 62–65.

Henderson, S. E., May, D. S., & Umney, M. (1989). An exploratory 
study of goal setting behavior, self concept, and locus of control in 
children with movement difficulties. European Journal of Special 
Needs, 4, 1–4.

Hodge, S. R., Murata, N. M., & Porretta, D. L. (1999). Enhancing 
motor performance through various preparatory activities involv-
ing children with learning disabilities. Clinical Kinesiology, 53(4), 
77–82.

Holland, B. V. (1987). Fundamental motor skill performance of non-
handicapped and educable mentally impaired students. Education 
and Training in Mental Retardation, 22, 190–204.



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Luke E. Kelly et al.602

Hoover, J. H., & Wade, M. G. (1986). Motor learning theory and men-
tally retarded individuals: A historical review. Adapted Physical 
Activity Quarterly, 2, 228–252.

Horvat, M. A. (1982). Effect of a home learning program on learn-
ing disabled children’s balance. Perceptual and Motor Skills, 55, 
1158–1164.

Horvat, M. A., & Franklin, C. (2001). The effects of environment on 
physical activity patterns of children with mental retardation. 
Research Quarterly for Exercise and Sport, 72, 189–195.

Jeltma, K., & Vogler, E. W. (1985). Effects of individual contingency 
on behaviorally disordered students in physical education. Adapted 
Physical Activity Quarterly, 2, 127–135.

Kasch, F. W., & Zasueta, S. A. (1971). Physical capacities of mentally 
retarded children. Acta Paediatrica Scandinavica, 217, 217–218.

Jasiewicz, E. M., Goldberg, M. C., Newschaffer, C. J., Denckla, M. B., 
Landa, R., & Mostofsky, S. H. (2006). Motor signs distinguish chil-
dren with high functioning autism and Asperger’s syndrome from con-
trols. Journal of Autism and Developmental Disorders, 36, 613–621. 
http://doi.org/10.1007/sl0803-006-0109-y

Jie, Y., Sit, C. P., Capio, C. M., Burnett, A., Ha, A. C., & Huang, W. J. 
(2016). Effects of fundamental movement skills training on children 
with developmental coordination disorder. Adapted Physical Activity 
Quarterly, 33, 137–155.

Kanner, L. (1943). Autistic disturbances of affective contact. Nervous 
Child, 2, 217–250.

Kavale, K., & Mattson, P. D. (1983). One jumped off the balance beam: 
Meta-analysis of perceptual-motor training. Journal of Learning 
Disabilities, 16, 165–173.

Kelly, L. E., & Rimmer, J. H. (1987). A practical method for estimat-
ing percent body fat of mentally retarded males. Adapted Physical 
Activity Quarterly, 4, 117–125.

Kelly, L. E., Rimmer, J. H., & Ness, R. A. (1986). Obesity levels in 
institutionalized mentally retarded adults. Adapted Physical Activity 
Quarterly, 3, 167–176.

Kelly, L. E., Wessel, J. A., Dummer, G., & Sampson, T. (2010). Everyone 
CAN: Skill development and assessment in elementary physical edu-
cation. Champaign, IL: Human Kinetics.

Kephart, N. C. (1971). The slow learner in the classroom (2nd ed.). 
Columbus, OH: Merrill.

Kerr, R., & Hughes, K. (1987). Movement difficulty and learning disa-
bled children. Adapted Physical Activity Quarterly, 4, 72–80.

Ketcheson, L., Hauck, J., & Ulrich, D. (2016). The effects of an early 
motor skill intervention on motor skills, levels of physical activity, 
and socialization in young children with autism spectrum disor-
der: A pilot study. Autism, Advanced online publication. http://doi.
org/10.1177/1362361316650611

Khalili, M. A., & Elkins, M. R. (2009). Aerobic exercise improves lung 
function in children with intellectual disability: A randomized trial. 
Australian Journal of Physiotherapy, 55, 171–182.

Khalsa, G. K., Morris, G. S. D., & Sifft, J. M. (1988). Effect of edu-
cational kinesiology on static balance of learning disabled students. 
Perceptual and Motor Skills, 67, 51–54.

Koh, M. S., & Watkinson, E. J. (1988). Endurance run pacing of mod-
erately mentally handicapped children. Canadian Association of 
Health, Physical Education, and Recreation, 54, 12–15.

Kong, P., & Harris, L. M. (2015). The sporting body: Body image and 
eating disorder symptomatology among female athletes from lean-
ness focused and nonleanness focused sports. Journal of Psychology, 
149(2), 141–160.

Kowalski, E. M., & Sherrill, C. (1992). Motor sequencing of boys 
with learning disabilities: Modeling and verbal rehearsal strategies. 
Adapted Physical Activity Quarterly, 9, 261–273.

Kozub, F. M. (2002). Expectations, task persistence, and attributions in 
children with mental retardation during integrated physical educa-
tion. Adapted Physical Activity Quarterly, 19, 334–349.

Kozub, F. M. (2003). Explaining physical activity in individuals with 
mental retardation: An exploratory study. Education and Training in 
Developmental Disabilities, 38, 302–313.

Kozub, F. M., & Porretta, D. L. (2001). Motor task persistence and modi-
fied individual achievement responsibility scale scores of children 
with LD. Clinical Kinesiology, 55(3), 52–58.

Kozub, F. M., Porretta, D. L., & Hodge, S. R. (2000). Motor task per-
sistence of children with and without mental retardation. Mental 
Retardation, 38, 42–49.

Kreze, A., Zelinda, M., Juhas, J., & Gabara, M. (1974). Relationship 
between intelligence and relative prevalence of obesity. Human 
Biology, 46, 109–113.

Lahtinen, U., Rintala, P., & Malin, A. (2007). Physical performance of 
individuals with intellectual disability: A 30-year follow-up. Adapted 
Physical Activity Quarterly, 24, 125–143.

Langsner, S. J., & Anderson, S. C. (1987). Outdoor challenge education 
and self-esteem and locus of control of children with behavior disor-
ders. Adapted Physical Activity Quarterly, 4, 237–246.

Lavay, B., Reid, G., & Cressler-Chaviz, M. (1990). Measuring the car-
diovascular endurance of persons with mental retardation: A critical 
review. Exercise Sport Science Review, 18, 263–290.

Lazarus, J. C. (1994). Evidence of disinhibition in learning disabilities: 
The associated movement phenomenon. Adapted Physical Activity 
Quarterly, 11, 57–70.

Lee, B., & Dummer, G. (2006). Influence of parents on physical activ-
ity of children with intellectual disability. Research Quarterly for 
Exercise & Sport, 77, A-96.

Levinson, L., & Reid, G. (1991). Patterns of physical activity among 
youngsters with developmental disabilities. Canadian Association of 
Health, Physical Education and Recreation, 56, 24–28.

Liu, T. (2012). Motor milestone development in young children with 
autism spectrum disorders: an exploratory study. Educational 
Psychology in Practice, 28, 315–326. http://doi.org/10.1080/02667
363.2012.684340

Liu, T., & Breslin, C. M. (2013a). Fine and gross motor performance of 
the MABC-2 by children with autism spectrum disorder and typi-
cally developing children. Research in Autism Spectrum Disorders, 
7(10), 1244–1249. http://doi.org/10.1016/j.rasd.2013.07.002

Liu, T., & Breslin, C. M. (2013b). The effect of a picture activity sched-
ule on performance of the MABC–2 for children with autism spec-
trum disorder. Research Quarterly for Exercise and Sport, 84(2), 
206–212. http://doi.org/10.1080/02701367.2013.784725

Liu, T., Hamilton, M., Davis, L., & ElGarhy, S. (2014). Gross motor 
performance by children with autism spectrum disorder and typically 
developing children on TGMD-2. Journal of Child and Adolescent 
Behaviour, 2(1), 1–4. http://doi.org/10.4172/jcalb.1000123

Lloyd, M., MacDonald, M., & Lord, C. (2013). Motor skills of toddlers 
with autism spectrum disorders. Autism, 17(2), 133–146.

Londeree, B. R., & Johnson, L. E. (1974). Motor fitness of TMR vs EMR 
and normal children. Medicine and Science in Sports, 6, 247–252.

Longhurst, G. K., Coetsee, M. F., & Bressan, E. S. (2004). A compari-
son of the motor proficiency of children with and without learning 
disabilities. South African Journal for Research in Sport, Physical 
Education and Recreation, 26(1), 79–88.

Lord, C., Risi, S., Lambrecht, L., Cook, E., Leventhal, B., DiLavore, P.,  
. . . Rutter, M. (2000). The autism diagnostic observation schedule-  
generic: A standard measure of social and communication deficits  
associated with the spectrum of autism. Journal of Autism and  
Developmental Disorders, 30, 205–223. http://dx.doi.org/10.1023/ 
A:1005592401947

Lord, C., Wagner, A., Rogers, S., Szatmari, P., Aman, M., Charman, 
T., . . . Yoder, P. (2006). Challenges in evaluating psychosocial 
interventions for autistic spectrum disorders. Journal of Autism and 
Developmental Disorders, 35(6), 695–708. http://doi.org/10.1007/
s10803- 005-0017-6

Lorenze, D. G., Horvat, M., & Pellegrini, A. D. (2000). Physical activity 
of children with and without mental retardation in inclusive recess 
settings. Education and Training in Developmental Disabilities, 35, 
160–167.

Losse, A., Henderson, S. E., Elliman, D., Hall, D., Knight, E., & 
Jongmans, M. (1991). Clumsiness in children—Do they grow out of it?  



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Physical Education 603

A 10-year follow-up study. Developmental Medicine and Child 
Neurology, 33, 55–68.

Luiselli, J. K., Duncan, N. G., Keary, P., Nelson, E. G., Parenteau, R. E.,  
& Woods, K. E. (2013). Journal of Clinical Sports Psychology, 7, 
264–274.

MacDonald, M., Esposito, P., & Ulrich, D. (2011). The physical activity 
patterns of children with autism. BMC Research Notes, 4(1), 422. 
http://doi.org/10.1186/1756-0500-4-422

MacDonald, M., Lord, C., & Ulrich, D. (2013). The relationship of 
motor skills and social communicative skills in school-aged children 
with autism spectrum disorder. Adapted Physical Activity Quarterly, 
30, 271–282.

MacDonald, M., Lord, C., & Ulrich, D. A. (2014). Motor skills and cali-
brated autism severity in young children with autism spectrum disor-
der. Adapted Physical Activity Quarterly, 31(2), 95–105. http://doi.
org/10.1123/apaq.2013-0068

McDonald, T. A., & Machalicek, W. (2013). Systematic review of inter-
vention research with adolescents with autism spectrum disorders. 
Research in Autism Spectrum Disorders, 7(11), 1439–1460. http://
doi.org/10.1016/j.rasd.2013.07.015

McMahon, L. J., & Sharpe, E. K. (2009). Including children with behav-
ioral difficulties in community recreation: An organizational case 
study of one behavior management approach. Journal of Park and 
Recreation Administration, 27(2), 60–73.

Maiano, C., Ninot, G., Morin, A. J. S., & Bilard, J. (2007). Effects of 
sport participation on the basketball skills and physical self of ado-
lescents with conduct disorders. Adapted Physical Activity Quarterly, 
24, 178–196.

Maksud, M. G., & Hamilton, L. H. (1975). Physiological responses of 
EMR children to strenuous exercise. American Journal of Mental 
Deficiency, 79, 32–38.

Malpass, L. F. (1960). Motor proficiency in institutionalized and non-
institutionalized retarded children and normal children. American 
Journal of Mental Deficiency, 64, 1012–1015.

Mandell, D. S., Novak, M. M., & Zubritsky, C. D. (2005). Factors asso-
ciated with age of diagnosis among children with autism spectrum 
disorders. Pediatrics, 116(6), 1480–1486. http://doi.org/10.1542/
peds.2005-0185

Matson, J. L., Mahan, S., Fodstad, J. C., Hess, J. A., & Neal, D. (2010). 
Motor skill abilities in toddlers with autistic disorder, pervasive 
development disorder-not otherwise specified and atypical develop-
ment. Research in Autism Spectrum Disorders, 4(3), 444–449. http://
doi.org/10.1016/j.rasd.2009.10.018

Maslesa, S., Videmsek, M., & Karpljuk, D. (2012). Motor abilities, 
movement skills, and their relationship before and after eight weeks 
of martial arts training in people with intellectual disability. Acta 
Univ. Acta Gymnica, 42(2), 15–26.

Memari, A. H., Ghaheri, B., Ziaee, V., Kordi, R., Hafizi, S., & Moshayedi, 
P. (2012). Physical activity in children and adolescents with autism 
assessed by triaxial accelerometry. Pediatric Obesity, 8, 150–158. 
http://doi.org/10.1111/j.20I47-6T310.2012.Y00101.x

Mender, J., Kerr, R., & Orlick, T. (1982). A cooperative games pro-
gram for learning disabled children. International Journal of Sport 
Psychology, 13, 222–233.

Merighi, J., Edison, M., & Zigler, E. (1990). The role of motivational 
factors in the functioning of mentally retarded individuals. In  
R. M. Hodapp, J. A. Burack, & E. Zigler (Eds.), Issues in the devel-
opmental approach to mental retardation (pp. 114–130). New York, 
NY: Cambridge University Press.

Merriman, W. J. (1993). Relationship among socialization, attitudes, 
and placements with participation in physical activity of students 
with emotional disorders. Perceptual and Motor Skills, 76(1), 
287–292.

Ming, X., Brimacombe, M., & Wagner, G. C. (2007). Prevalence of motor 
impairment in autism spectrum disorders. Brain and Development, 
29(9), 565–570. http://doi.org/10.1016/j.braindev.2007.03.002

Miyahara, M. (1994). Subtypes of students with LD based on gross 
motor function. Adapted Physical Activity Quarterly, 11, 368–382.

Munson, W. W. (1988). Effects of leisure education versus physical 
activity or informal discussion on behaviorally disordered youth 
offenders. Adapted Physical Activity Quarterly, 5, 305–317.

Nolan, J. E. (2004). Analysis of Kavale and Mattson’s “Balance Beam” 
study (1983): Criteria for selection of articles. Perceptual and Motor 
Skills, 99, 63–82.

Nordgren, B. (1971). Physical capacity and training in a group of young 
adult mentally retarded persons. Acta Paediatrica Scandinavica, 
217, 119–121.

Nunley, R. L. (1965). A physical fitness program for the mentally 
retarded in the public schools. Journal of the American Physical 
Therapy Association, 45, 946–954.

Oliver, J. N. (1958). The effect of physical conditioning exercises and 
activities on the mental characteristics of educationally sub-normal 
boys. British Journal of Educational Psychology, 28, 155–165.

Onyewadume, I. U. (2006). Fitness of Black African early adolescents 
with and without mild mental retardation. Adapted Physical Activity 
Quarterly, 23, 277–283.

Ozmen, T., Yildirim, N. U., Yuktasir, B., & Beets, M. W. (2007). Effects 
of school-based cardiovascular-fitness training in children with men-
tal retardation. Pediatric Exercise Science, 19, 171–175.

Ozonoff, S., Young, G. S., Goldring, S., Greiss-Hess, L., Herrera, A. M.,  
Steele, J., . . . Rogers, S. J. (2008). Gross motor development, move-
ment abnormalities, and early identification of autism. Journal of 
Autism and Developmental Disorders, 38, 644–656.

Pan, C. Y., & Frey, G. C. (2006). Physical activity patterns in youth with 
autism spectrum disorders. Journal of Autism and Developmental 
Disorders, 36(5), 597–606. http://doi.org/10.1007/s10803-006-0101-6 

Pitetti, K. H., & Campbell, K. D. (1991). Mentally retarded individuals—
A population at risk? Medicine and Science in Sports and Exercise, 
23, 586–593.

Pitetti, K. H., & Fernhall, B. (2004). Comparing the run performance 
of adolescents with mental retardation, with and without Down syn-
drome. Adapted Physical Activity Quarterly, 21, 219–228.

Pitetti, K. H., Fernhall, B., Stubbs, N., & Stadler, L. V. (1997). A step 
test for evaluating the aerobic fitness of children and adolescents 
with mental retardation. Pediatric Exercise Science, 9, 127–135.

Pitetti, K. H., Millar, L. A., & Fernhall, B. (2000). Reliability of a peak 
performance treadmill test for children and adolescents with and 
without mental retardation. Adapted Physical Activity Quarterly, 17, 
322–332.

Pitetti, K. H., & Yarmer, D. A. (2002). Lower body strength of children 
and adolescents with and without mild mental retardation. Adapted 
Physical Activity Quarterly, 19, 68–77.

Pitetti, K. H., Yarmer, D. A., & Fernhall, B. (2001). Cardiovascular fit-
ness and body composition of youth with and without mental retarda-
tion, Adapted Physical Activity Quarterly, 18, 127–141.

Polednak, A. P., & Auliffe, J. (1976). Obesity in institutionalized 
adult mentally retarded population. Journal of Mental Deficiency 
Research, 20, 9–15.

Politino, V., & Smith, S. L. (1989). Attitude toward physical activity and 
self-concept of emotionally disturbed and normal children. Adapted 
Physical Activity Quarterly, 6(4), 371–378.

Porretta, D. L., & O’Brien, K. (1991). The use of contextual interference 
trials by mildly mentally handicapped children. Research Quarterly 
for Exercise and Sport, 62, 244–248.

Protić-Gava, B. V., & Uskoković, F. R. (2016). Differences between 
the motor abilities of students attending a regular secondary school 
and those attending a secondary school for the education of children 
with disabilities. Facta Universitatis: Series Physical Education and 
Sport, 14(1), 43–50.

Pyfer, J. L., & Carlson, R. (1972). Characteristic motor development of 
children with learning disabilities. Perceptual and Motor Skills, 35, 
291–296.

Radenkovic, M., Beric, D., & Kocic, M. (2014). The influence of the 
elements of basketball on the development of motor skills in children 
with special needs. Facta Universitatis: Series Physical Education 
and Sport, 12(2), 123–130.



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Luke E. Kelly et al.604

Rarick, G. L., Widdop, J. H., & Broadhead, G. D. (1970). The physi-
cal fitness and motor performance of educable mentally retarded 
 children. Exceptional Children, 36, 504–519.

Reid, G., Dunn, J. M., & McClements, J. (1993). People with disabili-
ties as subjects in research. Adapted Physical Activity Quarterly, 10, 
346–358.

Rėklaitienė, D., Gaižauskienė, A., Ostasevičienė, V., & Požėrienė, J. 
(2014). Assessment of emotional and behaviour disorders of girls 
living in restricted environment and intervention strategies through 
physical activity. Baltic Journal of Sport & Health Sciences, 95(4), 
31–39.

Revie, G., & Larkin, D. (1993). Task-specific intervention with children 
reduces movement problems. Adapted Physical Activity Quarterly, 
10, 29–41.

Rimmer, J. H., Kelly, L. E., & Rosentsweig, J. (1987). Accuracy of 
anthropometric equations for estimating body composition of men-
tally retarded adults. American Journal of Mental Deficiency, 91, 
626–632.

Rintala, P., & Loovis, M. E. (2013). Measuring motor skills in Finnish 
children with intellectual disabilities. Perceptual Motor Skills 
116(1), 294–303.

Rothwell, E., Piatt, J., & Mattingly, K. (2006). Social competence: 
Evaluation of an outpatient recreation therapy treatment program for 
children with behavior disorders. Therapeutic Recreation Journal, 
40(4), 241–254.

Rousselle, C., & Wolff, P. H. (1991). The dynamics of bimanual coordi-
nation in developmental dyslexia. Neuropsychologia, 29, 907–924.

Saeid, B., Hassan, D., & Noureddin, K. (2014). The relationship between 
alignment of upper limb and postural control in adolescents with 
Down syndrome. Medicina Sportiva 10(2), 2322–2329.

Samalot-Rivera, A., & Porretta, D. (2013). The influence of social skills 
instruction on sport and game related behaviours of students with 
emotional or behavioural disorders. Physical Education & Sport 
Pedagogy, 18(2), 117–132.

Schaeffer, R., Law, M., Palatajko, H., & Miller, J. (1989). A study 
of children with learning disabilities and sensorimotor problems 
or let’s not throw the baby out with the bath water. Physical and 
Occupational Therapy, 9(3), 101–117.

Schmidt, R. A., & Wrisberg, C. A. (2008). Motor learning and perfor-
mance: A situational-based learning approach (4th ed.). Champaign, 
IL: Human Kinetics.

Scioli-Salter, E., Forman, D. E., Otis, J. D., Tun, C., Allsup, K., 
Marx, C. E., . . . Rasmusson, A. M. (2016). Potential neuro-
biological benefits of exercise in chronic pain and posttraumatic 
stress disorder: Pilot study. Journal of Rehabilitation Research & 
Development, 53(1), 95–106.

Seidi, L., Reid, G., & Montgomery, D. L. (1987). A critique of car-
diovascular fitness testing with mentally retarded persons. Adapted 
Physical Activity Quarterly, 4, 106–116.

Selickaitė, D., Rėklaitienė, D., & Požėrienė, J. (2014). Peculiarities of 
psychomotor reaction of school children with intellectual disabili-
ties: Aspects of moderate intensity exercising and age. Education, 
Physical Training, and Sport, 3(94), 46–56.

Sengstock, W. L. (1966). Physical fitness of mentally retarded boys. 
Research Quarterly, 37, 113–120.

Shapiro, B. (2001). Specific learning disabilities. In M. L. Batshaw (Ed.), 
When your child has a disability (revised) (pp. 373–390). Baltimore, 
MD: Paul H. Brookes.

Shapiro, D. R., & Dummer, G. M. (1998). Perceived and actual com-
petency of adolescent males with mild mental retardation. Adapted 
Physical Activity Quarterly, 15, 179–190.

Shapiro, D. R., & Ulrich, D. A. (2002). Expectancies, values, and per-
ceptions of physical competence of children with and without LD. 
Adapted Physical Activity Quarterly, 19, 318–333.

Shaw, L., Levine, M. D., & Belfer, M. (1982). Developmental double 
jeopardy: A study of clumsiness and self-esteem in children with 
learning problems. Developmental and Behavioral Pediatrics, 3(4), 
191–196.

Sherrill, C., & Pyfer, J. (1985). Learning disabled students in physical 
education. Adapted Physical Activity Quarterly, 2, 283–291.

Sit, C., McKenzie, T. L., Lain, J., & McManus, A. (2006). Activity lev-
els during physical education and recess in two special schools for 
children with mild intellectual disabilities. Adapted Physical Activity 
Quarterly, 25, 247–259.

Skowronski, W., Horvat, M., Nocera, J., Roswal, G., & Croce, R. (2009). 
Eurofit special: European fitness battery score variation among 
individuals with intellectual disabilities. Adapted Physical Activity 
Quarterly. 26(1), 54–67.

Smits-Engelsman, B. C. M., Wilson, P. H., Westenberg, Y., & Duysens, 
J. (2003). Fine motor deficiencies in children with developmental 
coordination disorder and learning disabilities: An underlying open-
loop control deficit. Human Movement Science, 22, 495–513.

Solomon, A., & Pangle, R. (1967). Demonstrating physical fitness 
improvement in the EMR. Exceptional Children, 34, 177–181.

Sowa, M., & Meulenbroek, R. (2011). Research in autism spectrum dis-
orders. Research in Autism Spectrum Disorders, 6(1), 46–57. http://
doi.org/10.1016/j.rasd.2011.09.001

So-Yeun, K., & Joonkoo, Y. (2009). Determining daily physical activity 
levels of youth with developmental disabilities: Days of monitoring 
required? Adapted Physical Activity Quarterly, 26, 220–229.

Stanish, H. I. (2004). Accuracy of pedometers and walking activity in 
adults with mental retardation. Adapted Physical Activity Quarterly, 
21, 167–175.

Stanišić, Z., Berić, D., Bojić, I., Nurkić, M., & Kocić, M. (2014). The 
effects of specially adapted basketball training program in adoles-
cents with mental retardation: A pilot study. Serb Journal of Sports 
Science, 6(3), 89–93.

Staples, K. L., MacDonald, M., & Zimmer, C. (2012). Assessment of 
motor behavior among children and adolescents with autism spec-
trum disorder. International Review of Research in Developmental 
Disabilities, 42, 179–214. http://doi.org/10.1016/B978-0-12-394284- 
5.00007-3

Staples, K. L., & Reid, G. (2010). Fundamental movement skills and autism 
spectrum disorders. Journal of Autism and Developmental Disorders, 
40(2), 209–217. http://doi.org/10.1007/s10803-009-0854-9

Strahan, B. E., & Elder, J. H. (2013). Research in autism spectrum disor-
ders. Research in Autism Spectrum Disorders, 7, 1497–1500. http://
doi.org/10.1016/j.rasd.2013.09.011

Sugden, D., & Wann, C. (1987). The assessment of motor impairment 
in children with moderate learning difficulties. British Journal of 
Educational Psychology, 57, 225–236.

Surburg, P. L., Porretta, D. L., & Sutlive, V. (1995). Use of imagery 
practice for improving a motor skill. Adapted Physical Activity 
Quarterly, 12, 217–228.

Teitelbaum, O., Benton, T., Shah, P. K., Prince, A., Kelly, J. L., & 
Teitelbaum, P. (2004). Eshkol-Wachman movement notation in 
diagnosis: the early detection of Asperger’s syndrome. Proceedings 
of the National Academy of Sciences of the United States of America, 
101, 11909–11914.

Temple, V. A., & Walkley, J. W. (1999). Academic learning time: 
Physical education (ALT-PE) of students with mild intellectual dis-
abilities. Adapted Physical Activity Quarterly, 16, 64–75.

Thompson, L. P., Bouffard, M., Watkinson, E. J., & Causgrove Dunn, J. 
(1994). Teaching children with movement difficulties: Highlighting 
the need for individualized instruction in regular physical education. 
Physical Education Review, 17, 152–159.

Tilinger, P. (2013). Comparison of athletics records of intellectually 
disabled persons with record of intact athletes. Acta Universitatis 
Carolinae Kinanthropologica, 49(2), 52–64.

Turcotte, P., Mathew, M., Shea, L. L., Brusilovskiy, E., & Nonnemacher, S. 
L. (2016). Service needs across the lifespan for individuals with autism. 
Journal of Autism and Developmental Disorders, 46, 2480–2489. http://
doi.org/10.1007/s10803-016-2787-4

Ulrich, D. A. (1985). Test of gross motor development. Austin, TX: Pro-Ed.
Ulrich, D. A. (2000). TGMD–2: Test of gross motor development (2nd ed.). 

Austin, TX: Pro-Ed.



D
ow

nl
oa

de
d 

B
y:

 U
ni

ve
rs

ity
 o

f V
irg

in
ia

 E
du

ca
tio

n 
A

t: 
01

:5
4 

26
 M

ar
 2

01
9;

 F
or

: 9
78

13
15

51
76

98
, c

ha
pt

er
38

, 1
0.

43
24

/9
78

13
15

51
76

98
.c

h3
8

Physical Education 605

Ulrich, D. A., Burghardt, A. R., Lloyd, M., Tiernan, C., & Hornyak, J. E.  
(2011). Physical activity benefits of learning to ride a two-wheel 
bicycle for children with Down syndrome: A randomized trial. 
Physical Therapy, 91, 1463–1477.

Valentini, N. C., & Rudisill, M. E. (2004). An inclusive mastery cli-
mate intervention and the motor skill development of children with 
and without disabilities. Adapted Physical Activity Quarterly, 21, 
330–348.

Van de Vliet, P., Rintala, R., Frojd, K., Verellen, J., Van Houtte, S., 
Daly, D. J., & Vanlandewijck, Y. C. (2006). Physical fitness profile 
of elite athletes with intellectual disability. Scandinavian Journal of 
Medicine & Science in Sports, 16, 417–426.

VanRossum, J. H. A., & Vermeer, A. (1990). Perceived competence: 
A validation study in the field of motoric remedial teaching. 
International Journal of Disability, Development, and Maturation, 
37, 71–81.

Vodola, T. M. (1973). Individualized physical education program for the 
handicapped. Englewood Cliffs, NJ: Prentice-Hall.

Vodola, T. M. (1978). Diagnostic-prescriptive motor ability and physi-
cal fitness tasks and activities for the normal and atypical individual. 
Neptune City, NJ: Vee.

Wade, M. G. (Ed.) (1986). Motor skill acquisition of mentally handi-
capped: Issues in research and training. New York, NY: Elsevier.

Waldemar, S., Horvat, M., Nocera, J., Roswal, G., & Croce, R. (2009). 
Eurofit special: European fitness battery score variation amount 
individuals with intellectual disabilities, Adapted Physical Activity 
Quarterly, 26, 54–62.

Watkinson, E. J., & Koh, S. M. (1988). Heart rate response of moder-
ately mentally handicapped children and youth on the Canada fitness 
award adapted endurance run. Adapted Physical Activity Quarterly, 
5, 203–211.

Wessel, J. A. (1977). I CAN fundamental skills module. Northbrook, IL: 
Hubbard.

Whyatt, C. P., & Craig, C. M. (2012). Motor skills in children aged 7–10 
years, diagnosed with autism spectrum disorder. Journal of Autism 
and Developmental Disorders, 42, 1799–1809.

Willoughby, C., Polatajko, H., & Wilson, B. (1995). The self-esteem and 
motor performance of young learning-disabled children. Physical & 
Occupational Therapy, 14(3/4), 1–30.

Wolff, P. H., Michel, G. F., Ovrur, M., & Drake, C. (1990). Rate and 
timing precision of motor coordination in developmental dyslexia. 
Developmental Psychology, 26, 349–359.

Wong, C., Odom, S. L., Hume, K., Cox, A. W., Fettig, A., Kucharczyk, 
S., . . . Schultz, T. R. (2013). Evidence-based practices for children, 
youth, and young adults with Autism Spectrum Disorder. Chapel 
Hill, NC: The University of North Carolina, Frank Porter Graham 
Child Development Institute, Autism Evidence-Based Practice 
Review Center.

Woodard, R. J., & Surburg, P. (1997). Fundamental gross motor skill 
performance by girls and boys with learning disabilities. Perceptual 
and Motor Skills, 84, 867–870.

Woodard, R. J., & Surburg, P. (1999). Midline crossing behavior in chil-
dren with learning disabilities. Adapted Physical Activity Quarterly, 
16, 155–166.

Woodard, R. J., & Surburg, P. (2001). The performance of fundamental 
movement skills by elementary school children with learning dis-
abilities, Physical Educator, 58(4), 198–205.

World Health Organization (WHO) (1993). International classification 
of diseases, tenth revision, Criteria for Research. Geneva: Author.

Wright, J., & Cowden, J. E. (1986). Changes in self-concept and car-
diovascular endurance of mentally retarded youths in a Special 
Olympics swim training program. Adapted Physical Activity 
Quarterly, 3, 177–183.

Yang, J. J., & Porretta, D. L. (1999). Sport/leisure skill learning by ado-
lescents with mild mental retardation: A four-step strategy. Adapted 
Physical Activity Quarterly, 16, 300–315.

Yap, R., & van der Leij, A. (1994). Testing the automatization deficit 
hypothesis of dyslexia via a dual-task paradigm. Journal of Learning 
Disabilities, 27, 660–665.

Yun, J., & Ulrich, D. A. (1997). Perceived and actual physical compe-
tence in children with mild mental retardation. Adapted Physical 
Activity Quarterly, 14, 285–297.


