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ABSTRACT

The purpose of this study was to determine the effect of a 10-month 

treadmill walking program (TWP) on target behaviors (TB: maladaptive behaviors 

and/or stereotypic mannerisms) in adolescents and young adults with autism.

Five youth (3 males, 2 females; 16.6+1.7 yrs) with a primary diagnosis of autism 

and diagnosed by clinical psychologists as having severe multiple developmental 

disabilities participated in this study. Participants were involved in a 10-month 

TWP (10-25 min sessions; speeds 3.3-7.0 km•hr-1, grades 0-2.5%) that was 

incorporated into their scheduled physical education curriculum 3-5 times per 

week.  Participant’s were monitored 24 hours per day for their three TB.  Each 

behavior was recorded using a tally system.  A single-subject quasi-experimental 

ABÁ research design was used to evaluate each of the participants.  In this 

design, phase A represented a 2-month baseline stage in which behavior was 

collected but no treadmill was walking was performed.  This was followed by a

10-month treadmill walking program (phase B), then another 2-month baseline 

stage (phase Á).  Four of the five participants demonstrated effective results (ie,

reduction in TB during phase B).  Results of this study indicate that an exercise

program (similar to the one in this study), introduced into the daily curriculum of 

persons with severe autism could positively affect their behavioral goals.
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CHAPTER 1 

INTRODUCTION

Autism (i.e., autistic disorder) is a life long-condition that impacts the 

functioning of an individual and his or her family in all areas of life.  It is found in 

all ethnic, racial, intellectual, and socioeconomic groups. 1 The prevalence of 

autism appears to have increased in recent years. A recent report using 1996 

data found 34 cases of autistic spectrum disorders (i.e., autistic disorder, 

Asperger disorder, Pervasive Developmental Disorder not otherwise specified)

per 10,000 children in a five-county metropolitan area. 2, 3  This prevalence rate is 

higher than previously reported in studies of autism conducted during the 1980’s 

and early 1990s.  The explanation for the increase in prevalence is not known.

Possible etiologies include an actual rise in the number of cases of autism, 

improved recognition, or changes in diagnostic criteria. 2

Symptoms of autism appear by age three. 4  To be diagnosed with autistic 

disorder, an individual must show at least two impairments in social interaction, 

one impairment in the area of communication, and one restricted/repetitive and 

stereotyped pattern of behavior, interest or activity. 4  Typical impairments in the 

area of social interaction include lack of eye contact, facial expression, or 

common social gestures (e.g., pointing); failure to develop appropriate peer 

relationships and reduced awareness of others and a tendency to play alone;

and decreased spontaneous sharing of enjoyment, interests, or achievement.

Typical communication deficits include delayed or absent spoken language 
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without attempts at alternative communication.  There may be stereotyped or 

repetitive use of language, patterns of behavior, activities, and interests.

Current treatment and intervention of autism, to date, has been 

unsuccessful at finding one approach that best fits all individuals or even fits one 

individual across time.5   However, there is increasing evidence to support 

behavior modification increases engagement with in the individuals’ environment 

which leads to learning new skills. 6  Therefore, finding ways to reach individuals

with autism to assist them in modification of their behavior gives them the 

potential to learn new skills increasing the likelihood of a less restrictive lifestyle 

(i.e., mainstreamed) for their future.
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CHAPTER 2 

LITERATURE REVIEW

A literature review was completed using Medline database.  MeSH terms 

were used included autism, adolescents, young adults, exercise, behavior 

modification, and medications in various combinations.  Persons with autism 

often possess distinctive maladaptive behaviors and stereotypic mannerisms. 7, 8

Such maladaptive behaviors (e.g., aggression, self-injury, and property 

destruction) and stereotypic mannerisms (e.g., hand flapping, body rocking, and 

twirling objects) interfere with learning skills needed to succeed in less 

restrictive/community settings. 9, 10, 11, 12 

Research has indicated that acute antecedent bouts (i.e., minutes) of 

vigorous levels of exercise have been shown to temporarily reduce maladaptive

behaviors and stereotypic mannerisms in persons with developmental disabilities 

including autism. 13, 14, 15, 16, 17, 18, 19, 20  In addition, a number of studies have 

reported that acute antecedent bouts of moderate levels of exercise have 

resulted in improvements in attentions span, on-task behaviors, and levels of 

correct responding as well as controlling for many types of maladaptive behavior

and stereotypic mannerisms in persons with autism and mental retardation. 21, 22, 

16, 17, 18, 23, 20, 24, 25  For example, Watters & Watters (1980) reported reduced 

levels of self-stimulation (e.g., body rocking, hand flapping, self-injury, 

masturbation) following 8-10 minutes of jogging and Kern et al (1982, 1984) 

reported that 15 to 20 minutes of jogging/fast walking resulted in reduced self-
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stimulatory behavior and increased appropriate responding in persons with 

autism.

In the above studies, whether or not the antecedent aerobic activity as 

vigorous or moderate, the immediate effects of the exercise were measured 

within minutes, following the exercise routine and total evaluation time was brief 

(i.e., 10-50 minutes).  However, to date, no studies, have measured or reported 

behavioral benefits associated with long term exercise programs integrated into 

the daily curriculum of persons with autism.  Therefore, the purpose of this study 

was to determine the effects of a 10-month treadmill walking program (TWP) on 

the target maladaptive behaviors and stereotypic mannerisms in adolescents and 

young adults with autism.
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CHAPTER 3 

METHODS

Participants

Five adolescents/young adults (3 males, 2 females; 16.6+1.7 yrs) who 

participated in this study were clients of a Midwestern residential/school

treatment facility for persons with severe developmental disabilities.  Written 

informed consent was obtained from parents/guardians of the participants.  The 

study protocol was approved by the residential/school treatment facility ethical

committee and the University Institutional Review Board.  Participants were 

selected from 42 clients residing in this facility, of which 12 of the students had a 

primary diagnosis of autism.  The 5 participants chosen for this study met the 

qualifications for the inclusion criteria.  The sampling design was purposive, 26, 27 

and followed a previously established selection criteria 28: (a) a physician and 

psychologist, both experienced in autism, confirmed that diagnosis met the DSM-

IV Text Revised 4; (b) manifested moderate to profound mental retardation as 

assessed by standardized tests of intelligence, including the Lieter International 

Performance Scale, 29 the Slosson Intelligence Test, 30 and/or Wechsler Adult 

Intelligence Scale 31; (c) all had histories of lengthy and restrictive placement 

resulting from their severe maladaptive behaviors and/or stereotypic 

mannerisms; (d) had no medical contraindications to physical exercise or 

significant primary sensory or motor impairments that restricted treadmill walking; 

and (e) identified by the staff of the residential/school treatment facility as able to 

follow instructions to perform treadmill walking.  Participants’ descriptive statistics 
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and diagnosis are found in Table 1.  These participants were part of a larger 

study that also followed anthropometric changes, these results have been 

previously reported. 32

TABLE 1 

DESCRIPTIVE STATISTICS AND DIAGNOSIS 

Subject Gender Age (beginning
of study)
(years)

Weight
(kgs)

Heigh
t

(cm)

BMI
Diagnoses

1 Male 18 96.2 179.7 30.0 Autism
Severe Mental Retardation

Obesity
2 Male 18 92.9 180.3 28.6 Autism

Severe Mental Retardation
Visual Impaired

Behavior Disorder
3 Male 18 129.2 168.3 45.6 Autism

Hypertension
Fibromyalgia

Mild Mental Retardation
4 Female 15 80.7 176.5 25.9 Autism

Chronic Constipation
Severe Mental Retardation

5 Female 14 91.4 160.0 35.7 Autism
Reactive Attachment 

Disorder
Oppositional Defiant

Disorder
Severe Mental Retardation

Procedures

Target Maladaptive Behaviors and Stereotypic Mannerisms

Selection of target maladaptive behaviors and stereotypic mannerisms 

(TB) of each participant were selected based on their Student Support Plan 

(SSP).  The SSP was determined by collective interview/reviews by 

parents/guardians, psychologist, behavior support specialists, and direct care 

staff (i.e., participants teachers and home staff).  The intent of the SSP is to 

address those specific maladaptive behaviors and stereotypic mannerisms that 
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directly impact the participants’ quality of life and, if not addressed, will interfere 

with or cause harm to the individual and his/her quality of life.  For this study, the 

three maladaptive behaviors and/or stereotypic mannerisms that had the most 

significant impact on the participants quality of life were selected by the 

participants psychologist and the direct care staff of the facility.  That is, the 

researchers did not select or determine these targeted maladaptive behaviors

and stereotypic mannerisms.

Participants’ targeted maladaptive behaviors, stereotypic mannerisms and 

medications are found in Table 2.

TABLE 2 

MALADAPTIVE BEHAVIORS, STEREOTYPIC MANNERISMS AND
MEDICATIONS

Subject Target Behaviors Medications
1 1.  Disrobing

2.  Eloping 
3.  Hands in pants 

Risperdal 1mg  (1 tab BID) 
Docusate Sodium (200mg daily)
Certavite (1 tab daily) 
Diphenhydramine (25mg BID)
Chlorhexadine 0.12% (Mouth wash for teeth BID) 
Benzac gel 10% (Apply to skin BID) 

2 1.  Physical aggression
2.  Self-Injurious
behavior
3.  Property Destruction

Clindets Pledgets Pads(For acne twice daily) 
Clonidine 0.1mg  (1/2 tab am, 2 tabs pm)
Risperdal 1 mg  (1 tab am, 2 tabs pm) 

3 1.  Aggression
aggression
2.  Verbal aggression
3.  Pica 

Flonase Nasal Spray (2 sprays each nostril daily)
Protonix (40mg daily) 
Diovan (160mg daily) 
Zyrtec (10mg daily) 
Neurontin (300mg daily)

4 1.  Physical aggression
on task 
2.  Property destruction
on task 
3.  Spitting 

Nordette (1 tab daily for menses)
Metamucil Apple Wafer (1 wafer 5 x/week)
Acetominophen (650mg every 4 hrs as needed for 
pain/fever)
Aleve (220mg BID as needed for dysmenorrhea)

5 1. Aggression
2. Self-injurious

behaviors
3. Property

destruction

Ziprasidone (40mg daily at at 8:00PM) 
Topamax (50mg BID) 
Ziprasidone (20mg BID at8 AM and 2 PM) 
Debrex Otic Drops (5 drops BID) 
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Participants were under constant supervision and, therefore, and 

observational data collected 24 hours each day.  Observers (direct care staff) 

recorded, via count sheet, each TB occurrence and totaled these into monthly 

reports.  Monthly TB were organized into three data set phases. Phase A 

represented a 2-month (months 1-2) baseline stage of the study in which 

behavior was observed but no treadmill walking was performed.  Phase B 

represented the next 10 months (months 3-12) in which behavior data was 

observed and the treadmill walking program (TWP) was implemented.  Phase Á 

represented the 2 months (months 13-14) following phase B, in which behavior

data was observed, but no treadmill walking was performed.

Treadmill Walking Program

The Student Support Plan (SSP), as designed and implemented by the 

residential/school treatment facility staff members, allowed for 30 minutes of 

“leisure activity,” 3-times per week, at the campus gymnasium.  These activities 

took place under the guidance of a staff member with a master’s degree in 

adaptive physical activity.  Classes usually permitted participants to engage in 

the following activities; basketball (shooting, dribbling, passing), jumping rope, 

roller-skating, Scooter-Board activities, object control skills (i.e., throwing and

catching a ball), striking a ball (i.e., tennis or nerf) with a tennis racket or plastic 

bat, or cycling skills (e.g., two or three-wheeled adult bicycle).  However for this 

study, the majority of time within the regular activity classes (i.e., 15-30 minutes, 

Monday – Wednesday – Friday) consisted of treadmill walking.  In addition a) the 
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participants were given time to voluntarily walk on the treadmill, under the 

guidance of residential staff members during the weekdays when regular activity

classes were not planned (i.e., Tuesday and Thursday), and b) participants were 

allowed to walk on the treadmill at their residence in the evening (i.e., 3:15-8:00 

PM) or on weekends on a voluntary basis.

Treadmill Protocol

Prior to initiating the study, all participants had been trained to walk

unassisted (i.e., not holding on to the railing) on the treadmill during their regular 

class time (e.g., 1-3 times per week, duration 5-10 minutes) and, therefore, were 

acclimated to the use of the treadmill.  The treadmill protocol consisted of a) an 

initial frequency of 2 times per week, with a progression of one day every two 

weeks to a potential peak frequency of 5 times per week, b) an initial duration of 

8 minutes per session, with a progression of 1-2 minutes per week to a potential 

peak duration of 20 minutes per session, and c) an initial treadmill speed 

(individual based on ability) ranged from 2.4 to 3.5 mph, with a progression of .1 

to .3 mph per week to a peak seep ranging from 3.7 to 4.1 mph.  Due to the fact 

that the participants in this study were particularly scheduled oriented (i.e., abrupt 

changes potentiated negative behaviors), frequency and duration was slowly

increased by an average of 1 day every 3-5 weeks and 1 minute every 2-3 

weeks, respectively.  Increases in speed and grade were also behavior 

dependent.  During residential (3:15-8:00 PM) or weekend hours, participants

were allowed to voluntarily walk on the treadmill at intensities, durations, and 

speeds consistent with the treadmill protocol, under the direction of their 
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residential staff.  Treadmill information (i.e., frequency, speed, grade, and 

duration) was recorded by residential staff members into daily logbooks for each 

of the participants. This information was used to track the progression of the 

participants over the duration of the study.

10



CHAPTER 4 

RESULTS

Statistical Analysis

A single-subject, quasi-experimental ABÁ research design was used to 

evaluate each of the participants (A = phase A, months 1-2; B = phase B, months 

3-12; and Á = phase Á, months 13-14). 33  Each participant had different target 

behaviors (TB) and, therefore, could not be compared to as a group.  In addition, 

each participant received individualized therapy specific to his/her needs.  This 

study design allowed each participants’ behavior to be observed as a dependent 

variable at many different points and to compare the changes to assess the 

effect of the treadmill walking.  This allowed for: 1) objective experimental 

assessment of the effectiveness of treadmill walking for each participant; 2) 

evaluating the process of change in behavior with treadmill walking; and 3) ease 

in incorporating this treatment into a clinical setting in that this allowed for 

flexibility in accommodating the changing needs (e.g., medication and therapy) of 

the participants.  This methodology has been previously used in applied 

behavioral analysis, rehabilitation, and clinical psychology. 34  Behavioral data 

was presented by graph (i.e., visual) along with a table listing mean and standard 

deviation for the sum of the three TB for each participant (see graphs 1-5).
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Participant 1 

As shown in Figure 1, the effects of a 10-month treadmill walking program 

on targeted behaviors for participant 1. Phase A (months 1-2) demonstrated 

mean target behaviors ranging from 40 to 280 occurrences of target behaviors.

With the exception of TB #3, all behaviors remained below 50 occurrences 

throughout phase B (months 3-12). For TB #3, a considerable increase (291-700) 

was seen in month 3.  Although TB #3 remained high in months 4 (378) and 

month 5 (89), it gradually decreased and became similar to the other target 

behaviors by month 7.  In phase Á (months 13-14), all three target behaviors 

remained at the levels observed in the later months of phase B, months 7-12.

See Table 3 for medication changes, therapy changes, and behavior changes for 

participant 1.
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Figure 1. Effects of 10-month TWP on TB for participant 1, dotted lines 
represent division between phases ABÁ. 
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TABLE 3 

MEDICATION CHANGES, THERAPY CHANGES, BEHAVIORAL CHANGES
FOR PARTICIPANT 1

Month 4 Started Zithromax twice daily for acne 
Month 4 Zithromax and Duac gel d/c per parental request, Sufacet-R and 

Benzac Gel started for acne 
Month 4 Nasonex nasal spray started for seasonal allergies 
Month 7 Risperdal decreased to 0.75mg in AM and to 1 mg in PM per 

parental request to begin slow tapering 
Month 8 “Staring spells” notes by staff over school break, seen by neurologist 

suggest and EEG if continues, staff did not see anymore “staring 
spells”

Month 13 Risperdal decreased to .75 mg twice daily due to decrease in overall 
target behaviors 

Participant 2

As shown in Figure 2, the effects of a 10-month treadmill walking program 

on targeted behaviors for participant 2. During phase B, with the exception of 

months 5, 6, and 12, behavior #1 demonstrated numbers below those seen in 

phase A, and continued to be lower in phase Á when compared to phase A.

Behavior #2 resembles that of behavior#1, in that only months 7 and 12 showed 

higher behaviors than seen in phase A.  Behavior #2 returned to lower numbers 

in phase Á.  With the exception of month 12, behavior #3 stayed at or below 13 

occurrences throughout all three phases. There was a dramatic increase in all 

three TB at the end of phase B (month 12) followed by a return to low levels.

See Table 4 for medication changes, therapy changes, and behavior changes for 

participant 2.
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Figure 2. Effects of 10-month TWP on TB for participant 2, dotted lines 
represent division between phases ABÁ. 

TABLE 4 

MEDICATION CHANGES, THERAPY CHANGES, BEHAVIORAL
CHANGES FOR PARTICIPANT 2 

Month 6 Risperdal increase to 2 mg in AM, 1 mg in PM due to increased 
aggression

Month 11 
–13

Change in classroom and change in house staff 

Participant 3

As shown in Figure 3, the effects of a 10-month treadmill walking program 

on targeted behaviors for participant 3.  Phase A demonstrated relatively high 

target behaviors compared to phases B and Á.  During phase A target behaviors 

ranged between 39 –216 occurrences of target behaviors.  All three target 

behaviors showed a decrease (i.e., below 30 occurrences) throughout phase B, 

with the exception of target behavior #1 in month 9 (54).  Target behaviors 
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remained at a minimum range during phase Á.  See Table 5 for medication 

changes, therapy changes, and behavior changes for participant 3.
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Figure 3. Effects of 10-month TWP on TB for participant 3, dotted lines 
represent division between phases ABÁ. 

TABLE 5 

MEDICATION CHANGES, THERAPY CHANGES, BEHAVIORAL
CHANGES FOR PARTICIPANT 3 

Month 8 Vacation to home, and trial of Ativan for 3 days (4 doses, 1.5 
mg/dose)

Participant 4

As shown in Figure 4, the effects of a 10-month treadmill walking program 

on targeted behaviors for participant 4.  Phase A demonstrated relatively high 

target behaviors compared to phases B and Á.  During phase A target behaviors 

ranged between 16 – 98 occurrences of target behaviors.  Throughout phase B 

target behaviors remained between 0 – 13.5 occurrences with the exception 

behavior #1 in month 12 (29). During phase Á target behaviors #2 and #3 

remained similar to phase B, whereas behavior #1 increased to 39 occurrences 
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for month 13.  There were no medication, therapy, or behavior changes for 

participant 4.

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10 11 12 13 14

M ont h

Physical  aggr ession Pr oper ty destr uction Spi tting

Figure 4. Effects of 10-month TWP on TB for participant 4, dotted lines 
represent division between phases ABÁ. 

Participant 5

As shown in Figure 5, the effects of a 10-month treadmill walking program 

on targeted behaviors for participant 5.  Phase A demonstrated relatively high 

target behaviors (81-242 occurrences) compared to phase B.  Throughout phase

B all target behaviors remained below that seen in phase A (13.5 – 146 

occurrence).  Target behaviors #1 and #2 fluctuated throughout phase B, but 

continued to remain below the target behaviors seen in phase A.  All three target 

behaviors increased during month 12 of phase B (76 – 275 occurrence).  During 

month 13 of phase Á, all three target behaviors continued to remain elevated 

compared to phase B, and the decreased again during month 14.  See Table 6 
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for medication changes, therapy changes, and behavior changes for participant 

4.
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Figure 5. Effects of 10-month TWP on TB for participant 5, dotted lines 
represent division between phases ABÁ. 

TABLE 6 

MEDICATION CHANGES, THERAPY CHANGES, BEHAVIORAL
CHANGES FOR PARTICIPANT 5 

Month 6 Topamax increased in AM and PM dose.  Dose was 50 mg twice 
daily, now 75mg in AM, and 100 mg in PM 

Month 7 Staff added a new behavioral modification to the SSP (Hands-to-
mouth) = new behavior modification added to subjects daily routine 

Month 8 2.5mg Abilify started and Geodon decreased due to increased in 
food behaviors
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CHAPTER V 

DISCUSSION

The previous studies that have investigated the behavioral benefits of 

exercise for persons with autism consisted of antecedent aerobic activity followed 

by a brief (i.e., 10 – 50 minute) evaluation time.  The affects of a long term 

exercise program on behavior that was integrated into daily curriculums into this 

population has not been addressed.  The purpose of this study was to introduce 

a 10-month treadmill walking program into the schedules of 5 youth with severe 

autism and to follow their behavior patterns noting changes in three specific 

maladaptive behaviors and/or stereotypic mannerisms.  For each participant, the 

three target behaviors selected were based on their SSP and those behaviors

that directly impacted the participants quality of life.  Overall, the participants 

tended to demonstrate lower target behaviors during the 10-month treadmill 

walking program (phase B) when compared to the previous months (phase A).

With the exception of participant 5, the lower counts generally continued after the 

TWP was removed from their daily schedule (phase Á).

The possibility exists that the decreases in target behaviors could have 

resulted from changes in treatment, including medications.  There were no 

treatment or medication changes throughout the study for participant 4.

Participant 1 had two different medication decreases (i.e., Risperdal) in month7 

and 13 per family request due to a decrease in target behaviors.  However,

changes in behavior for participants 2, 3, and 5 could have been related to 

changes in treatment. 
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That is, during the first two months of phase B, participant 2 had an initial 

decrease in all three target behaviors, but then over the next 2 months all three 

behaviors increased.  As a result, Risperdal was increased, and target behaviors 

gradually decreased and leveled out in months 9 to 11.  Risperdal is the most 

widely studied atypical Antipsychotic for children with autism.  The FDA approved 

Risperdal for the treatment of irritability associated with autistic disorder

(aggression, self-harm, temper tantrum, and quickly changing moods).35  The last 

month of phase B saw a sizable increase in all three behaviors, then a dramatic 

decrease in the first month of phase Á.  Throughout the three month period 

(months 11-13) that witness this dramatic swing in behaviors, no changes in 

medication occurred.  However, coincidental with this increase in maladaptive

behavior there had been a scheduling change (i.e., wake-up time, time to turn in 

assignments, time to walk on treadmill) that could have triggered these events.

For participant 3, a decrease in targeted behaviors took place at the onset 

of phase B and continued at low levels throughout the TWP and phase Á for 

behaviors #2 and #3.  However, behavior #1 (aggression) gradually increased 

following month 5, and peaked at month 9.  The participant had a change in 

schedule during month 9 (i.e., 1 week vacation with parents).  At this time the 

participant was given Ativan for three days (4 doses) for traveling purposes. 

Upon return to the residential/school treatment facility and the participants daily 

schedule a decline in aggressive behavior was observed.  Given that Ativan has 

a short half life (14 hours), 36 it is questionable that this medication would have 

had long term effects (i.e., 1-2 months) on behavior #3).
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Although participant 5 showed lower targeted behaviors throughout the 

walking program when compared to phase A and phase Á, fluctuating behavior 

patters were observed throughout phase B.  In months 3-5, target behavior #2 

(self-injurious behavior) continued to increased and peaked at month 6.  At this 

time Topamax, a behavioral stabilization drug, was increased and this was 

followed (month 7) by a decreased in behavior #2.  During month 8 there was an 

increase in behaviors #1 and #2 that the direct care staff reported as being food 

related (e.g., hands-to-mouth behavior during meal time) and was addressed in 

the participants SSP and by behavior modification (i.e., change in daily routine).

Ambilify, an antipsychotropic medication, 36 was increased and Geodon, also

antipsychotropic medication, 36 was decreased in order to change the 

mechanism of action of the medication (i.e., Ambilify and Geodon).  Therefore, 

during months 6 through 9, and combination of changes in medications and 

therapy occurred.  For unknown reasons, in month 12 there was another 

dramatic increase in all there target behaviors, and the medical staff choose not 

to change any of this participants medications at this time.

Conclusion

Prior research has reported positive behavioral outcomes for persons with 

multiple disabilities, including autism, when antecedent exercise programs have 

been applied.  Although, the effects these studies have only measured the 

positive outcome for brief evaluation times (i.e., 10 – 50 minutes).  However, the 

affects of a long term exercise program on behavior that was integrated into the 

daily curriculums into this population has not been addressed.  The results of this 
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study suggest that such a program can be incorporated into the weekly/daily 

curriculum in the modification of maladaptive behaviors and stereotypic 

mannerisms in adolescents and young adults with autism.
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