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Educational exercise program affects to physical fitness
and gross motor function differently in the severity of

autism spectrum disorder
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This study investigated the effects of participating in an educational ex-
ercise program on physical fitness and gross motor function (GMF) in
adults with varying degrees of autistic spectrum disorder (ASD). The
subjects consisted of 35 voluntary male participants between 20 and 29
years of age who were allocated to one of two groups: mild ASD (n=17)
group and severe ASD (n=18) group. All selected tests for physical fit-
ness, including body composition and GMF, have been used in previous
studies. The results were as follows: first, with the exception of the bas-
al metabolic rate, there were significant differences in the interaction of
all other body composition variables. Second, there were significant
differences in the interaction of almost all physical fithess variables, ex-
cept for muscle strength. Finally, although there were significant differ-
ences in the interaction of all variables, except the locomotion skill for

INTRODUCTION

The World Health Organization refers to the concept of dis-
ability as a loss of body structure or function, abnormality or im-
pairment that implies restrictions on the activities of individuals
in daily life (Barbotte et al., 2001). The reason for this is that the
definition of disabled person is defined differently according to
the law, and the concept of disability differs in understanding and
interest according to social, political and economic conditions
(Howlin and Moss, 2012). Recently, autistic spectrum disorder
(ASD) is attracting a greater amount of interest. A 2007 survey by
the Ministry of Health and Welfare reported that children with
ASD accounted for 12.5% among the total number of people with
disabilities. ASD is a mental illness that affects more than 35 mil-

hopping, there were significant differences in the interaction of all vari-
ables of object control skill. Specifically, although the A% in the sum of
locomotion skill in mild ASD group increased ~19.81%, that of severe
ASD group decreased ~4.78%. The A% in the sum of object control skill
in mild ASD group improved ~29.96%, while that of severe ASD group
reduced ~15.2%. In conclusion, it is thought that these results are due
to the better understanding of educational exercise and better perfor-
mance of educational exercise in adults with mild ASD compared to
adults with severe ASD.

Keywords: Autistic spectrum disorder, Physical fitness, Gross motor
function

lion people worldwide. It is an unidentified disease that continues
to affect an increasing number of people, but has no preventive
measures or treatments (Brugha et al., 2011). Moreover, the prev-
alence of ASD is frequently reported to be one out of 110 people.
There is no cure since no exact cause is known. Instead of relying
on medication, many experts argue that alternative therapies should
be designed to increase the effectiveness of treatment. Currently,
special education programs and treatment for children with ASD
are being implemented in various fields. In particular, special ed-
ucation, rehabilitation programs, cognitive behavioral therapy, and
various art therapies are provided (Baird et al., 2006).

An active educational exercise program can improve the health
of children with disabilities and promote psychological stability.
Many researchers have reported that participating in physical ac-
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tivity during educational exercise programs can provide psycho-
physiological benefits for children or adults with ASD (Ahn and
Fedewa, 2011; Janssen and LeBlanc, 2010; Lang et al., 2010; La-
torre Romdn et al., 2015). In addition to improving psychophysi-
ological development, the physical activity also enhances the abil-
ity of the large and small muscles to function and protect the body
(Verschuren et al., 2016). In other words, children with ASD not
only engage in physical movement for improved physical func-
tion, but also gains mental satisfaction.

In Korea, educational exercise programs for children with ASD
are available at certain institutions, but it is unknown whether
there are differentiated programs according to the level of disabili-
ty. Also, most educational exercise programs, as well as exercise
programs for people with disabilities, are primarily focused only
on children. This has led to a lack of research pertaining to adults
with ASD. In particular, if educational exercise programs in Korea
are differentiated according to disability levels, more meaningful
changes may result. Therefore, in order to solve the problem, this
study analyzed the educational exercise program performed by
adults with ASD and identified the differences in physical fitness
and gross motor function (GMF) according to their severity of
ASD.

MATERIALS AND METHODS

Participants

Male adults between 20 to 29 years of age voluntarily partici-
pated in this study. Inclusion criteria consisted of having ASD and
not having exercised regularly for over 6 months. Based on this
criteria, 40 participants were screened and determined to be eligi-
ble for the study. However, five participants declined to participate.
Finally, 35 participants took part in the study. The participants
were divided into mild ASD group (n=17) and severe ASD group
(n=18) depending on the symptom severity. Those with physical
impairment or visual or hearing impairment were excluded. Fur-
thermore, participants who were unable to be assessed or required
to quit the study were excluded. Those who received any kind of
medical treatment that is known to have an effect on physical con-
dition or had any kind of major surgery for the past year prior to
the beginning of this study were excluded. Additional reasons for
exclusion included having a history of cerebrovascular or coronary
arterial disease, uncontrolled hypertension, or impairment of a
major organ. Comprehensive physical characteristics are shown in
Table 1.
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Table 1. Physical characteristics of the participants

Group

Variable : V4 Pvalue
Mild ASD (n=17) Severe ASD (n=18)

Age (yr) 22.82+2.70 22.83+2.81 -0.151 0.883

Height (cm) 174.01+7.16 173.39+8.56 0.017 0.987

Weight (kg) 73.02+12.63 72.09+10.32 -0.066 0.961

Values are presented as mean + standard deviation.
ASD, autism spectrum disorder.

Experimental protocol

This was a double-blind, controlled trial that was carried out in
a research center from February 17, 2020 to May 8, 2020. The
participants and their parents were encouraged and motivated to
complete all of the tests. Advertisements were used to recruit the
participants and an informed consent form was signed prior to en-
rollment. The parents of the participants also agreed to their fam-
ily participating in this study by signing an informed consent
form. This study was completed in compliance with the 2013
version of The Declaration of Helsinki and approved (2-7001793-
AB-N-012019113HR) by the Institutional Review Board.

Measurement of body composition

The bioelectrical impedance analysis method was used to mea-
sure the height and weight of the participants with an 101353
Model (Jawon Medical, Seoul, Korea), which is a composition an-
alyzer and segmental impedance device that has stainless steel in-
terfaces for the electrodes. The participants stood upright by plac-
ing their feet on the foot electrodes without gripping the handles.
Analysis of height and weight was measured before dinner and af-
ter voiding (Cha et al., 2014; Kim and Jee, 2020). The variables
of body composition in this study were body weight, body mass
index (BMI), muscle mass, fat mass, and basal metabolic rate
(BMR).

Measurement of cardiopulmonary fitness

Before the test, an expert described the procedures and had the
subjects do warm-ups. A 15-m shuttle run test was used to mea-
sure cardiopulmonary endurance. This test is a commonly used
aerobic fitness test, which is also known as a beep or bleep test
(Yoon et al., 2019). To complete this test, the following equipment
were used: a flat, nonslip surface, 15 m of measuring tape, marking
cones, a music player, a beep test audio, and recording sheets. Par-
ticipants continuously ran between two lines that were 15 m apart
according to the recorded beeps. The participants stood behind
one of the lines facing the other line, and started running when
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Table 2. Bleep test's table for cardiopulmonary endurance fitness

Level 1 2 3 4 5 6 7

8 J 10 " 12 13 14 15 16

Shuttles 7 8 8 8 9 9 10
Time/shuttle (sec) 6.83 6.36 6.11 5.7 543 818 497
Total distance (m) 105 225 345 465 600 735 885
Total time (min:sec) 048  1:39 228 314 402 449 538

10 10 " " 12 12 12 13 13
478 459 439 416 392 38 376 359 347
1035 118 1350 1515 16% 1875 2070 2265 2460
626 7N 800 856 933 1019 11:08 1155 12:40

the signal was given by the recorded beep. The speed at the start
was slow. The participants continued to run between the two lines
according to the pace of the recorded beeps. Approximately 1 min
later, the intervals between each beep became shorter, thereby in-
creasing the pace. Each subsequent minute (level), the intervals
continue to become shorter. If the participant reached the line be-
fore the following beep, they waited for it before running again.
In the case that the participant did not reach the line before the
following beep, a warning was given, but they continued to run
and tried to catch up to the pace of the beeps. After a participant
failed to reach within 2 m of the line for the first time, a warning
was given. After the second warning, the participant was elimi-
nated. The final score was calculated by their highest level and the
total number of shuttles completed before being eliminated. The
last completed level was recorded by the supervisor. The standard
Australian bleep test is provided in Table 2, which provides a list
of scores for comparative reference on what to expect for adults.

Measurement of flexibility

To measure flexibility, a sit and reach flexion test was adminis-
tered. The equipment used included a test platform with a per-
pendicularly attached ruler (TKK1859, Takei Inc., Tokyo, Japan).
In a seated position, the participants placed their heels against the
test platform with their both feet approximately 5 cm apart. After
taking a deep breath, the participants reached forward as they ex-
haled and extended their fingertips to the furthest possible point
without bouncing their waists. They kept their knees fully ex-
tended and their head between their arms. The greatest distance
after two attempts was recorded (Kim and Jee, 2020).

Measurement of muscle strength

Grip strengths of both hands were measured to assess muscle
strength. It was measured with a hand dynamometer (preferably
the Jamar Hand Dynamometer #5030]1, Sammons Preston Roly-
an, Bolingbrook, IL, USA) in a seated position. Participants sat in
a seat with an armrest and had their shoulders positioned at 0°
flexion, elbows at 90° flexion, and wrists in the vertical position
between supination and pronation. Participants held the hand dy-
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namometer with the middle phalanges resting in the middle. The
hand dynamometer was squeezed 3 times with maximum force
with 1 minute of recovery between attempts. This had to be done
for both hands in case handedness was not self-evident (Oppewal
etal., 2013). The maximum produced force out of the six attempts
was used as the test result and calculated to the nearest kg. Test
results were accepted only if the instructor conducting the test
was convinced that maximum effort was applied. To verify wheth-
er maximum effort was being used, the instructor observed the
consistency of the attempts, facial expressions, the contraction of
muscles in the arm and hand, and the tension in the phalanges.

Measurement of muscle power

To assess muscle power, a standing long jump was used. In a
standing long jump, the participant begins at the starting line.
Using their entire bodies, they jump as far as possible and the dis-
tance between the starting line and the landing point is measured.
The test instructors performed long jump exercises and demon-
strated how to jump in place. For this task, both groups of partic-
ipants initially lacked comprehension. Later, some participants
jumped beyond the target footstep, while others did not. Regard-
less, the distance was recorded. After landing, measurement errors
can be caused from falling back or running forward. In preparation
for this, the two measurements were quickly recorded quickly by
two assistants. The maximum distance was recorded between a
total of two measurements.

Measurement of GMF

This study used the GMF scale-II (Cha et al., 2020). This allows
the instructor to accurately and quickly measure any delays in un-
derlying motion patterns of the participants compared to their
peers. A total of twelve major muscle movement patterns were
separated into locomotion skills and object control skills. The lo-
comotion section included running, hopping, galloping, leaping,
sliding, and horizontal jumping. The object control included
striking a baseball, dribbling a basketball, catching a basketball,
kicking a soccer ball, overhand throwing a tennis ball, and under-
hand rolling a softball. After analyzing the participants’ basic mo-
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Table 3. Educational play program

Table 4. Comparative results of body composition

[tem Play and activity programs Time (min)  Week
Warm-ups Stretching 5 1-12
Game Catching a tail 15 1-4
Playing tug-of-war 15 1-4
Floorball Play for passing and receiving a ball 15 1-4
Passing a ball (slapper, air pass) 15 1-4
Mini-short game 15 5-8
Basketball Dribble (a hand dribble then both hands 15 5-8
dribble)
Pass (chest, overhand, one-hand, bound) 15 58
Shot (middle, layup, pass and shoot) 15 5-8
Inline skating  Skating adaptation (wearing, falling and 10 5-8
standing)
Walking with an expert 5 5-8
Pushing (kneeling, left or right foot push) 15 9-12
Turn (return target, turn left/ right/ front/ 15 9-12
back)
Jumping paly  Sprint, jump over obstacles, running jump 20 93-12
High jump, triple jump 20 9-12
Cool-down Stretching 10 1-12

tor skills, the examiner awarded 1 point if they completed the task
and no points if they were not able to do the task. The two results
were added together for a total score using subscales. The highest
possible sum of the six subscales in the locomotion section and in
the object control section were 48 points, respectively.

Educational exercise program

Participants took part in a supervised educational exercise pro-
gram twice a week (Tuesdays and Fridays) for 12 weeks as shown
in Table 3. For the duration of the study, the participants agreed
to keep their routine activity patterns the same, with the exception
of their participation in the educational exercise program. The
participants began with 5 min of warm-up led by an instructor
during the 12 weeks. They then performed five types of workout
sessions for 40 to 45 min. Lastly, there was a stretching session for
10 min.

Statistical analysis

Microsoft Excel (Microsoft, Redmond, WA, USA) was used to
input the results, and the technical statistics (mean + standard de-
viation) was calculated using IBM SPSS Statistics ver. 22.0 (IBM
Co., Armonk, N, USA). The Shapiro-Wilk test was used to check
the distribution of data. Prior to analysis, we observed the differ-
ence between groups through Mann—Whitney U-test, as shown
in Table 1. Then, the effects of the educational exercise program
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Repeated ANOVA
i Time i 6] (Pvalue)

T
m Mild ASD (n=17) Severe ASD (n=18) G T GT

Body weight Pre 73.02+12.63 72.09+10.32 0.842 0.245 0.001
(kg) Post  7087+1005  7326+10.14

BMI Pre  24.18+4.32 2414418 0707 0253 0.001
(ka/m’)  post 23474350 2453+4.14

Muscle ~ Pre  5147+697 51614662 0.920 0.005 0.013
mass(kg) Ppost  5226+7.12 51.66+6.56

Fatmass Pre  21.75£820 2414+699 0209 0.227 0001
(kg) Post  21.24+7.25 25.09+6.40

BMR Pre 159682412019 156167416284 0278 0523 0.070

(kcal/day) post 1,608.00+131.06 1,538.72+ 150.06

Values are presented as mean + standard deviation.
ANQVA, analysis of variance; ASD, autism spectrum disorder; BMI, body mass in-
dex; BMR, basal metabolic rate.

were evaluated using repeated 2x 2 analysis of variance (group,
time, and group by time interaction). The intergroup factor was
the study groups (i.e., mild ASD group vs. severe ASD group) and
the intragroup factor was the time (i.e., baseline vs. week 12). A%
was calculated with further analysis of the variables between times.
For all analyses, a significance level of P<0.05 was set.

RESULTS

Comparison of demographic factors

A total of 35 male adults voluntarily participated in this study
(Table 1). All participants were 20 to 29 years of age, with a mean
of 22.83+2.72 years.

Differences in body composition depending on severity of
ASD

As shown in Table 4, the participants showed similar results,
except for BMR. In detail, although the A% in body weight and
BMI in mild ASD group decreased ~2.34%, those of severe ASD
group increased ~1.70% (not shown in the table). In the aspect of
the A% in muscle mass, mild ASD group increased ~1.54%, while
that of severe ASD group increased ~0.13%. Although the A%
in fat mass in mild ASD group decreased ~0.28%, that of severe
ASD group increased ~5.60%. The A% in BMR in mild ASD
group increased ~0.75%, while that of severe ASD group decreased
~1.39% after 12 weeks. This indicates that the educational exer-
cise program provided a greater positive effect for those with mild
ASD. These results show a significant difference in interaction,
except for BMR.

https://www.e-jerorg 413



YuJand Jee YS e Physical fitness and gross mator function

J

Table 5. Comparative results of physical fitness

Table 6. Comparative results of gross motor function

Repeated ANOVA Repeated ANOVA
- Group (G) (Palue) Time Group (G) (Pvalue)
ltem = ltem :
(N MidASD  Severe ASD o (M MildASD  Severe ASD 0 7w
(n=17) (n=18) (n=17) (n=18)
Cardiopulmonary  Pre 6.09£033 6.13£031 0006 0.007 0.001 Locomotion skill
endurance (sec) Post  6.59+035 5954040 Running Pre  471£202 478+260 0347 0005 0.008
Flexibility (cm) Pre 6.21+£389 -633+334 0001 0.001 0.001 Post 6.12+136 4.83+182
Post -054+299 -7.68+280 Galloping Pre 6.35+127 6.50+1.38 0.001 0.358 0.001
Strength (kg) Pre  17.19+459 1578510 0264 0001 0732 Post 7.12+086 533+091
Post 1944+423 1766+379 Hopping Pre  588+136 606+163 0640 0006 0081
Endurance(rep) Pre  1429+252 1328+2.11 (059 0001 0001 _ Post  682+1.13  6.28+102
Post 15764254 1144+179 Leaping Pre 547072 583+0.79 0123 0011 0.001
vl ; o dovi Post 665+132 544+062
alues are presented as mean + standard deviation. Horizontal P 2949 2 2 47 1
ANOVA, analysis of variance; ASD, autism spectrum disorder. j?JnrrZ]S;:]g Pgest i 43;?12 Z?EE 1?2 0.047 0081 0006
Sliding Pre 706+1.09 7.06+1.00 0.111 0808 0.006
Differences in physical fitness depending on levels of ASD Post  753+123  650+0.92

As shown in Table 5, the participants showed similar results,
except for strength. Specifically, although the A% in cardiopulmo-
nary endurance in mild ASD group increased ~8.49%, that of se-
vere ASD group decteased ~2.88% (not shown in the table). In the
aspect of the A% in flexibility, mild ASD group improved ~91.3%,
while that of severe ASD group reduced ~21.3%. The A% in
strength in mild ASD group increased ~16.92%, and that of se-
vere ASD group also showed a similar increase of ~17.20%. The
A% in muscle endurance in mild ASD group increased ~11.34%,
while that of severe ASD group decreased ~12.48% after 12 weeks.
This indicates that the educational exercise program provided a
positive effect for participants with mild ASD, which was con-
firmed by a significant difference in interaction, except for muscle
strength.

Differences in GMF depending on levels of ASD

As shown in Table 6, there were significant differences in the
interaction of all variables, except for the locomotion skill of hop-
ping. However, there were significant differences in the interaction
of all variables of object control skill. Specifically, although the A%
in the sum of locomotion skill in mild ASD group had a baseline
of 32.76+5.91, there was an insignificant increase to 38.71 +4.67
(~19.81%) after the experiment. However, that of severe ASD
group significantly decreased from 32.61+6.82 before the experi-
ment, to 30.50+4.23 (~4.78%) after 12 weeks (interaction; P =
0.001) (Fig. 1. left). The A% in the sum of object control skill in
mild ASD group with a baseline of 23.24+4.92 showed an insig-
nificant increase to 29.06+3.15 (~29.96%) after the experiment.
However, that of severe ASD group significantly decreased from
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Object (ball) control skill

Striking Pre 359+100 339+138 0004 0.163 0.002
Post 471099 294+1.21

Dribbling Pre  6.06+230 7.06+159 0870 0318 0.005
Post 7.29+085 644+1.34

Catching Pre  488+136 489+1.13 0005 0390 0.001
Post 576+090 361+154

Kicking Pre  512+154 561+£142 0111 0903 0.001
Post 6.24+120 444+104

Overthrowing ~ Pre 012+£033 006+024 0013 0.001 0016
Post 0.76+066 0.22+043

Underrolling  Pre  347+177 311+164 0030 0704 0.001
Post 429+165 244+1.15

Values are presented as mean + standard deviation.
ANOVA, analysis of variance; ASD, autism spectrum disorder.

- = mASD
1512 . s p=0001 B SASD
40
35
30
2
2
15
10

%

Pre Post Pre Post

Locomotion Object control

Fig. 1. Differences of the A% of the sum of locomotion and object control
skills of gross motor function in mild autism spectrum disorder group (mASD)
and severe autism spectrum disorder group (sASD) between baseline and 12
weeks. ns, nonsignificant.

24.11+4.24 before the experiment, to 20.11+3.53 (~15.2%) af-
ter 12 weeks (interaction; P =0.001) (Fig. 1. right).
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DISCUSSION

Most of the educational exercise programs related to ASD have
only focused on children. The adult population, as well as the se-
verity of ASD, were not taken into consideration by such inter-
vention programs. Therefore, this study aimed to investigate phys-
ical fitness and GMF in adult participants with mild or severe ASD
who took part in a 12-week educational exercise program. Upon
completion of the experiment, this study found significant differ-
ences in the interaction of body composition and physical fitness
variables, except muscle strength, when comparing between mild
and severe ASD groups. This study also found that there were sig-
nificant differences in the locomotion skill and object control skill
of GMF between groups. These results suggest that individuals
with more severe levels of ASD may have more difficulty in adapt-
ing to and understanding the educational exercise program while
those with milder levels of ASD may have an easier time adapting
to and understanding the program.

Many researchers have reported that adults with ASD are char-
acterized by decreased physical, cognitive, and adaptive skills when
compared to those without ASD. Moreover, they are often stereo-
typed with having challenging behaviors (Downs et al., 2008;
Holden and Gitlesen, 2008; Lee et al., 2008; Lifshitz et al., 2008;
Matson et al., 2005; McGillivray et al., 2008; Myrbakk and von
Tetzchner, 2008; Yalon-Chamovitz and Weiss, 2008; Zayac and
Johnston, 2008). Rapp et al. (2004) reported on the possibility
that the physical stimulation obtained via physical activity may
be similar to certain stereotypic behaviors such as body rocking,
arm flapping, and spinning in circles. Such behaviors are often
hypothesized to occur because the behavior itself produces pleas-
ant internal consequences for the individual with disability. Since
a physical activity may involve similar body mechanics to that of
stereotypical behavior, it may produce similar internal states, mak-
ing it possible that the participants’ need for this automatic rein-
forcement is obtained sufficiently during the activity sessions
(Lang et al., 2010). Ortega et al. (2015) suggested that physical
fitness levels have long-term effects and indicate a person’s overall
health. Biirgi et al. (2011) indicated that the level of physical ac-
tivity is associated with improvements in aerobic capacity. How-
ever, unlike previous studies (Lang et al., 2010; Ortega et al., 2015),
this study revealed that physical activity does not equally provide
positive changes to all people with disability. That is, physical ac-
tivity can provide different results depending on the degree of
disability. From the results of this study, cardiopulmonary endur-
ance, that is, aerobic capacity, had varying differences according to

https://doi.org/10.12965/jer. 2040688 344

the degree of ASD. Similarly, most of the physical fitness variables
(flexibility and muscle endurance) changed positively in mild ASD
group compared to severe ASD group after 12 weeks. These re-
sults indicate that the educational exercise program provided a
greater positive effect for those with mild ASD, which was con-
firmed by a significant difference in interaction after 12 weeks.

However, there was no significant difference in muscle strength
between the two groups. This may be due to the fact that the ed-
ucational exercise program mainly focused on developing endur-
ance. The effect of fatigue is a factor that may influence such a re-
sult. A study by Rosenthal-Malek and Mitchell (1997) trained
five child participants with ASD to jog 20 minutes. After the jog,
self-stimulatory behavior in the community work place and class-
room decreased substantially, which could possibly be explained
by fatigue. However, responses to academic demands and work
tasks completed increased after educational play and/or exercise.
This suggests that participants were not overly fatigued to work
with improved proficiency and accuracy. In other words, muscle
strength is a variable opposite to fatigue, and this study revealed
that even if educational exercise programs are provided, it may af-
fect individuals differently depending on the severity of their dis-
ability. Previous studies have shown numerous cases of people with
disabilities who have a high level of physical fitness. Physical ac-
tivity provided to adults with mental retardation has been report-
ed to promote the physical health of people with disabilities (Jan-
sen et al., 2004). This study revealed that the body composition
in adults with ASD was positively changed by the end of the ex-
periment. Specifically, the results of this study showed a greater
positive effect in mild ASD group than severe ASD group. This
context was in line with the physical fitness variables suggested
above. Physical activity also enhances the ability of the large and
small muscles to function and protect the body for people with
developmental disabilities (Verschuren et al., 2016). Similar to
these previous studies, this study showed improvement in most of
the variables for locomotion skill and object (ball) control skill.
However, the GMFs of mild ASD group were significantly differ-
ent between both groups as well. Specifically, the sum of locomo-
tion skill in mild ASD group increased ~19.81%, while that of
severe ASD group decreased ~4.78%. The sum of object control
skill in mild ASD group improved ~29.96%, while that of severe
ASD group decreased ~15.2%. In other words, it can be said that
the educational exercise program applied in this study led to dif-
ferent results depending on the severity of disability.

Gabler-Halle et al. (1993) suggested that the appeal and appli-
cation of physical fitness intervention programs for people with
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developmental disabilities would be greater if it were placed in
the context of positive behavioral and psychological change. The
findings from this study suggest that exercise not only leads to
improved physical fitness, but also to positive changes in behav-
ior. However, the mechanism of action for these improvements is
unclear. In some studies, there was limited information regarding
the methods used to instruct exercises to individuals with ASD.
However, activities such as jogging, may not require extensive
procedures for teaching. Indeed, several common procedures and
strategies emerged across studies (Cha et al., 2020). First, embed-
ding exercise into age-appropriate activities and games may in-
crease motivation to engage in exercise, similar to the program
used in this study. If exercise becomes a reinforcing or preferable
activity, procedures for increasing exercise may be simplified,
which would require less programmed reinforcement. Second,
physical prompts gradual fading was the most common approach
in most studies. Finally, reinforcement through social praise may
be required to encourage participation in exercise, especially when
the exercise is not a preferred activity.

To date, exercise programs for individuals with ASD have only
been implemented in an educational environment, and not ac-
cording to gender, age, or severity of disability. However, this study
showed that adults with ASD who participated in the educational
exercise program had differing results based on the severity of their
disability. It would beneficial for future studies to investigate the
effects of exercise on other types of disorders. Also, there is a need
to research the mechanisms on how exercise positively influences
behaviors. Gaining an understanding of this mechanism may lead
to improvements in applying exercise to treat various levels of
ASD and help practitioners develop more effective programs for
people with ASD.

This study found that educational exercise programs have a pos-
itive effect on adults with ASD. However, it affects adults with
ASD according to the severity of their disability. In other words,
this study revealed that adults with ASD who participated in the
educational exercise program showed differences in physical fit-
ness and GMF according to the severity of their ASD. In conclu-
sion, these results are thought to be due to the better understand-
ing and performance of educational exercise in adults with mild
ASD compared to severe ASD.
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