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Abstract

Individuals with intellectual and developmental disabilities (IDD) are at greater risk of health-related issues due to obesity and lack
of physical activity. This study examined using virtual reality (VR) exergaming to increase the physical activity of high school
students with IDD. Four students participated in this multiple probe across participants design. Data were collected on each
student’s total amount of time engaged in exercise and heart rate. Results indicate that all students increased the duration and
intensity of their physical activity when using the VR exercise gaming (exergaming) intervention. The VR exergaming intervention
increased the duration and intensity of the students’ exercise sessions. Results are discussed in terms of applying VR and other
emerging technologies to support the exercise health needs of the individual in the study.
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The prevalence of individuals with intellectual and develop-
mental disabilities (IDD) among the general population
is approximately 6.5 million people in the United States and
1-3% globally according to the American Association of IDD
(Schalock et al., 2010). Severity levels (i.e., mild, moderate,
severe, and profound) are based on the intelligence quotient
score criteria and impairments seen before the age of 18 (Amer-
ican Psychiatric Association [APA], 2013). People with IDD
include those with impairments of general mental abilities that
impact adaptive functioning in three domains: conceptual,
social, and practical (APA, 2013). Conceptual skills involve
language and literacy, social skills involve interpersonal and
social responsibility, and practical skills involve activities of
daily living and personal care (APA, 2013).

In addition to the cognitive and perceptive limitations that
can be experienced by individuals with IDD, their disability
can put them at an increased risk for several health complica-
tions. Jansen, Krol, Groothoff, and Post (2004) conducted a
review of studies comparing health issues between those with
IDD and the general population and found that individuals with
IDD are more likely to have diagnosed health problems, com-
pared to the general population. These health problems can
potentially have serious consequences on the lives of people
with IDD. One particular health problem often reported in
individuals with IDD is obesity, a health condition that is
linked to an increased risk of coronary heart disease and other
secondary health concerns for example high cholesterol

(Eckel & Krauss, 1998). The Centers for Disease Control and
Prevention (2014) report 19.8% of youth with an intellectual
disability and 31.8% of youth with autism are obese, compared
to 13.1% of youth without IDD. These findings are similar to
other studies investigating the prevalence of obesity in youth
with IDD. Lloyd, Temple, and Foley (2012) reported an over-
weight range from 4.1% to 26.3% and an obesity range from
4.6% to 32.6% in youth with IDD (N = 9,678). These results
are comparable to other studies (Maiano, 2010; Rimmer,
Yamaki, Lowry, Wang, & Vogel, 2010) that found a high pre-
valence of obesity in youth with IDD and concluded that obe-
sity is a serious health concern for this particular population.
Leading a sedentary lifestyle is likely to be a major contri-
butor to becoming obese and other health concerns. Most youth
with IDD are not exercising on a regular basis, whether indi-
vidually or recreationally (Rimmer et al., 2010). Rimmer,
Rowland, and Yamaki (2007) suggest that a lack of access to
a physically active lifestyle is one reason why youth with IDD
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are generally inactive. This includes inappropriate sports and
fitness equipment, inaccessible fitness facilities and recreation
areas (e.g., playground), and inexperienced staff lacking the
knowledge to adapt fitness programs to meet the needs of youth
with IDD (Rimmer, Rowland, & Yamaki, 2007). Another issue
is the lack of knowledge or awareness of how to adopt a healthy
lifestyle among youth with IDD (Rimmer et al., 2007). Clearly,
physical activity—related interventions are needed that address
these barriers to help lower obesity and improve the overall
health in youth with IDD.

Numerous studies have shown that physical activity is a key
factor in preventing health problems that result from leading a
sedentary lifestyle and can positively impact the health, fitness,
and behavior of adults and youth with IDD (Messent, Carlton,
& Long, 1998; Rimmer, 1999). These studies have included
various types of exercise such as aerobic physical activity (e.g.,
brisk walking) to resistance training programs (e.g., weight
training; Khalili & Elkin, 2009; Shields & Taylor, 2010). For
example, one study implemented a walking intervention on a
treadmill for youth with IDD (N = 15) for 2 months, and results
demonstrate a significant improvement in physical fitness
(Lotan, Isakov, Kessel, & Merrick, 2004). While other studies
show similar results concerning physical activity—related inter-
ventions (Carter et al., 2004; Stanish, Temple, & Frey, 2006),
more research is needed that promotes youth with IDD to be
active and address barriers associated with inactivity.

One method that is increasingly being utilized by research-
ers and practitioners to promote physical activity among youth
with IDD is exercise technology interventions. These exercise
technology interventions can include the use of virtual reality
(VR) mobile or wearable devices, which can provide an immer-
sive environment to engage users in a variety of games and
360° video experiences (Burdea Grigore & Coiffet, 1994). VR
is a type of immersive technology that displays a fully artificial
environment generally through the use of a dedicated set of
goggles (Migram & Kishino, 1994). VR is separate but related
technology to the immersive technology of augmented reality
(AR) in which digital information is overlaid on a view of the
real world.

The use of VR has previously been shown to benefit cogni-
tive performance and social skills for youth with IDD, likely
due to providing an inclusive environment and the ability to
manipulate virtual worlds to resemble real-world settings
(Standen & Brown, 2005). As a result, VR is now being inves-
tigated and implemented as a means to promote physical activ-
ity for those with IDD. For example, Lotan, Yalon-Chamovitz,
and Weiss (2009) explored a 5- to 6-week VR exercise inter-
vention aimed at improving the physical fitness for adults with
IDD. Pre- and posttests of physical fitness indicators, such as
energy expended and heart rate, showed significant improve-
ment in the research group, compared to the control group
(Lotan, Yalon-Chamovitz, & Weiss, 2009). These results are
similar to a follow-up study that demonstrated significant
improvement in pre- and postphysical activity measures in
adults with IDD, compared to the control group following the

completion of an 8-week VR physical activity—related inter-
vention (Lotan, Yalon-Chamovitz, & Weiss, 2010).

Furthermore, Yalon-Chamovitz and Weiss (2008) report
that VR physical activity—related games are perceived as enjoy-
able and successful by adults with IDD. The authors also
reported that the participants enjoyed how there were different
VR game options and how they could be adapted and modified
to meet their individual needs (Yalon-Chamovitz & Weiss,
2008). VR games investigated in the study included “car
racing” where the participant is the driver of the car and has
to pedal in order for the car to go (Yalon-Chamovitz & Weiss,
2008). It appears that VR is a feasible method that can provide
a safe environment that encourages adults with IDD to partic-
ipate in levels of physical activity that are often not seen in this
population (Lotan et al., 2010; Yalon-Chamovitz & Weiss,
2008). Additionally, McMahon and McMahon (2016) con-
ducted a systematic review of the research literature of exercise
technology interventions for individuals with IDD. The review
identified only nine articles where the technology interventions
were used to increase exercise and only four of those fit the
definition of exergaming activities to promote physical activity
(e.g., Weiss, Bialik, & Kizony, 2003). Overall, the review
found that these studies reported increased motivation and
improved physical activity indicators (McMahon & McMahon,
2016). However, many of the articles were pilot studies and
involved adults with IDD. None of the studies included inter-
ventions using immersive wearable VR headsets to support
exergaming for students with IDD.

The rationale for this study was to investigate the use of an
immersive VR exergaming as a means to increase the duration
and intensity of exercise sessions for youth with IDD. Research
on new technology platforms is essential in order to establish
an evidence base for their use with any population. This study
addresses the need for additional exergaming research for indi-
viduals with IDD by examining a new platform of VR exer-
gaming to support youth with IDD to be more physically active.
As mentioned previously, the majority of the literature regard-
ing exergaming and individuals with IDD has predominantly
focused on adults with IDD. This research study examined how
VR exergaming can help youth with IDD to exercise and con-
tribute to the small, yet growing, body of literature. Addressing
this particular gap in the literature can help further our under-
standing of how technology interventions can help youth with
IDD be more physically active. VR exergaming is a new tool
that can provide adaptable, inclusive, and modifiable physical
activities, which could address certain barriers this population
can experience, such as inaccessible exercise equipment, trans-
portation, and motivation. It is also important to note the impor-
tance of implementing physical activity behaviors in early
adolescence, rather than adulthood, among youth with IDD.
Rimmer et al. (2007) describes adolescence as a “window of
opportunity” for youth with IDD to adopt healthy, physical
activity behaviors that can be carried into adulthood. VR exer-
gaming could be one innovative method of instilling these
physical activity behaviors in youth with IDD. While there is
ample evidence that supports traditional exercise (e.g.,
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walking; Johnson, 2009) as one way to increase physical activ-
ity among youth with IDD, VR exergaming is a new platform
for physical activity that could prove to be an effective tool to
increase physical activity. To determine whether VR exergam-
ing can influence the physical activity levels in youth with
IDD, this study examined the following research questions.
Can a VR exercise game designed to promote physical activity
as measured by an increase in the duration of an exercise ses-
sion and calories burned for students with IDD? Additionally,
does the VR exergaming have social validity for the students
and their teachers who participated in the study?

Method

This study utilized a multiple probe across participants design
for four students with IDD to determine whether a VR exercise
game intervention can promote them to be more physically
active during an exercise session. Physical activity indicators
collected included the duration of the exercise, heart rate, and
calories burned during the exercise session. Interobserver
agreement (IOA) and procedural reliability were calculated
as well and discussed in subsequent sections.

Participants

Emma was a 14-year-old female student diagnosed with fetal
alcohol syndrome. She was interested and excited about tech-
nology but did not enjoy exercising. Emma was a new student
at Sunnyside High School this year, and she was beginning to
get acclimated to the high school experience. Emma was a
young woman whose height was 5’5" and she weighed 166
pounds at the time of the study.

Charlie was a 17-year-old male student diagnosed with
autism spectrum disorder. His level of functioning was mod-
erate but struggles with communication, social skills, and
some repetitive behaviors (i.e., words). Charlie was inter-
ested in technology and exercising. He was part of the swim
team at the time of the research and enjoyed videos on the
computer. At the time of the study, his height was 5’8" and
he weighed 140 pounds.

Andrew was a 16-year-old male diagnosed with Down syn-
drome. He was enthusiastic about sports but did not enjoy
riding the stationary bike when the study began. Andrew had
been an active member of the wrestling team and was the
manager of the football team. At the time of the study,
Andrew’s height was 5’5" and he weighed 183 pounds.

Henry was a 21-year-old male student diagnosed with
intellectual disability and other health impairments (i.e.,
breathing, feeding). Due to his health issues, Henry’s exer-
cise regimen was limited to walking for a short period of
time or riding a stationary bike during his physical therapy
once in a while for no more than 10 min. He was not very
interested in technology at the start of the study. Henry’s
height was 4'11”, and he weighed 100.6 pounds at the time
of the study.

Setting

The setting for this study was a high school in the Pacific
Northwest. Students were all in a transition special education
classroom where students have classes in this self-contained
classroom, but they go on outings in the community. Some
of these outings include exercising, employment in the com-
munity, and shopping. During the data collection by the
researchers, students in this study were taken to a quiet meeting
room at the school for the baseline and intervention sessions.
Testing the students in a quiet area helped to prevent peer
positive or negative reinforcement from influencing the study.
The stationary bike seat was adjusted to the preferred height of
the users before each session.

Materials

The VR exercise gaming platform used was the Virzoom exer-
cise bike and the HTC VIVE VR googles (Vive.com, US$499).
The Virzoom (Virzoom.com, US$399) platform allows people
to use a specially made stationary bike as a controller for a
variety of VR games. For example, the faster the individual
pedals on the stationary bike, the faster the vehicles in the game
(race car, horse, helicopter, bike, Kayak) will go. As the user
pedals the bike, they can look around themselves using the VR
headset to see a 360° view of the interactive game world around
them. The Virzoom bike has variable levels of resistance on a
scale of 1-10. Because of the low initial levels of exercise
reported by the students and their educators in discussions with
the researchers before the start of the study, it was decided by
the researchers that an appropriate low moderate resistance
level of three would be a suitable level. The bike and headset
were adjustable to fit the users’ individual sizes. The Apple
Smartwatch, Version 2, was used to measure the heart rate of
the student participants and to measure the duration of the
exercise session.

Variables and Data Collection

Time. For all sessions, the amount of time engaged in the phys-
ical activity of using the exercise bike was measured. The max-
imum allowable time per session was set at 30 min for both
baseline and intervention. This was selected because it is mini-
mum amount of moderate physical activity recommended by the
2008 Physical Activity Guidelines for Americans (Physical
Activity Guidelines Advisory Committee, 2008). Time was kept
on the smartwatches worn by the students while they partici-
pated in the activity. Students were told to they were participat-
ing in an exercise session that could last as up to 30 min. They
were told to say “I’'m done” when they wanted to stop.

Heart rate. The participants’ average heart rate during the ses-
sions was measured by the smartwatches worn during the ses-
sions. The smartwatches used in the study were Apple Watches.
While many wearable devices have limitations on their ability to
accurately measure energy expenditure (EE; calories burned)
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including the Apple Watch, they have a high degree of accuracy
for measuring heart rate (Wallen, Gomersall, Keating, Wisloff,
& Coombes, 2016). El-Amrawy and Nounou (2015) compared
several popular fitness trackers and found for heart rate the
Apple Watch was one of the most accurate tested. The average
heart rate was recorded at the end of the session.

Calories total. Total calories burned for each participant session
were calculated by estimating physical activity EE from heart
rate, after adjusting for age, gender, and body mass (Keytel
et al., 2005). The EE prediction equation can also account for
when the individual’s measure of fitness is unknown and yields
predictions that correlate significantly with testing samples and
independent validation samples (r = .857). Using the heart rate
data from the smartwatches and the age and weight data for the
participants, the total calories burned were calculated for each
participant in the EE prediction equation. Heart rate is in beats
per minute (BPM), weight in kilograms, age in years, and
exercise duration in hours.

For males : EE = [( —55.0969 + (0.6309 x heart rate)

+(0.1988 x weight) + (0.2017 x age)} /4.184)

x 60 x exercise duration.

For females : EE = {( —20.4022 + (0.4472 x heart rate)

— (0.1263 x weight) + (0.074 x age)} /4.184)

x 60 x exercise duration.

Procedures

Baseline. During baseline, each participant completed a mini-
mum of three exercise sessions on the stationary bike. Students
were asked if they wanted to ride the bike, and if they said yes,
they were told they could ride for as long or as little as they
wanted up to a maximum of 30 min. Students were instructed to
say “I’m done” when they wanted to stop. No additional feed-
back or prompts were provided.

This process occurred for a minimum of three sessions until
the data were considered stable. Stability was determined using
the “80%—20%" criteria of the stability envelope (Gast, 2010).
If 80% of the data points fell on or within 20% of the mean of
baseline, the data were considered stable. During baseline,
participants wore a smartwatch that was used to measure the
duration of their exercise and their heart rate.

Intervention. After the participants’ baseline sessions, the inter-
vention was started with the first participant. During the inter-
vention phase, the students used the VR exercise game
Virzoom for as long or as little as they wanted up to a

Figure 1. Virtual reality (VR) exergaming setup including bike, VR
headset, computer, and display for the research member to monitor.

maximum session length of 30 min. Just as in the baseline
phase, students were instructed to say “I’m done” when they
wanted to stop. The first game for each session was a race car
game called Go Fast Car, where individuals pedal the Virzoom
Stationary bike to make the car accelerate around the track. In
the game, individuals can look around from the point of view of
a race car driver as they compete against the computer. If
students chose to complete the race car game by finishing five
laps around a track, the students were allowed to play a differ-
ent virtual game called Kayak. In the Kayak game, users
explore a pond and find ducks. Once they collected 20 ducks,
they could choose to move on to a bike race game. Each one of
these games if played to completion lasted between 8 and 10
min. Students were able to navigate the menus easily and
quickly less than 20 s between games. The principle investiga-
tor and a member of the research team were beside the parti-
cipants and able to view the students in game experience on the
computer screen. An example of this is shown in Figure 1.

Research Design

A multiple probe across participants design (Gast & Ledford,
2010) was used to examine the relation between the VR exer-
cise intervention and each participant’s performance. The VR
intervention was introduced systematically across the partici-
pants. After the first participant reached criteria of at least
three consecutive data points of improved performance from
baseline, the second participant began the intervention phase.
This continued until all four participants completed the inter-
vention. The study was concluded when experimental control
could be assessed across the different participants (Horner et
al., 2005, p. 168).

IOA and procedural reliability. The researchers simultaneously
collected IOA and procedural reliability data. IOA data were
collected during a minimum of 50% of baseline condition and
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treatment condition for each participant. Observers simultane-
ously recorded the data including time and heart rate from the
smartwatch. IOA was calculated by dividing the number of
agreements of the participant responses by the number of
agreements plus disagreements and multiplying by 100. IOA
was 100% for each participant across all phases.

Procedural reliability data also were collected during a min-
imum of 25% of all sessions for baseline and intervention for
each participant. The procedural agreement level was calcu-
lated by dividing the number of observed researcher’s beha-
viors by the number of planned investigator’s behaviors and
multiplying by 100. The procedural reliability was 100% for all
students across all conditions.

Data Analysis

Visual analysis procedures were used to evaluate the results of
the VR exercise intervention. To assess intervention effects, six
indicators were used to examine within-phase and between-
phase data patterns: (a) level, (b) trend, (c) variability, (d)
immediacy of the effect, (e) overlap, and (f) consistency of
data patterns across similar phases. Also, within-phase
comparisons were evaluated to assess predictable patterns of
data, data from adjacent phases were used to assess whether
manipulation of the independent variable was associated with
change in the dependent variable, and data across all phases
were used to document a functional relation (Gast, 2010).
Horner et al. (2005) recommended that a functional
relationship or causal relationship is demonstrated after at
least three occurrences of an effect at a minimum of three
different points in time are observed. For each participant,
the percentage of nonoverlapping data (PND) was calculated
between the baseline and intervention phases (Scruggs,
Mastropieri, & Casto, 1987). Scruggs and Mastropieri (2001)
suggested interpretational guidelines of PND were used to
evaluate the effectiveness of the intervention. Based on their
guidelines, this study evaluated PND greater than 90% as a
highly effective intervention, PND greater than 70% and less
than 90% as an effective intervention, PND greater than 50%
and less than 70% as questionable effective, and PND less than
50% was considered unreliable effectiveness for interventions.

Social Validity

The social validity of an intervention for the students is an
important factor to measure for new interventions (Wolf,
1978). The purpose of this study is to give students access to
an alternative mode of exercise and physical activity that would
hopefully lead to socially meaningful outcomes. Since VR and
exergaming are emerging technologies, understanding the
social validity and user experience can inform this exploratory
research. At the conclusion of the study, students were asked
about their experience of using the VR exergame. Educators
who worked with the students were also asked about the expe-
rience to provide additional points of view about the
intervention.

Results

Baseline data for the students indicated that the students had
very low initial time of exercise and total calories burned on the
stationary bike. The VR exercise bike intervention was imple-
mented with each participant in succession, as they demon-
strated the criteria of three consecutive sessions of improved
performance. Figure 2 provides a graphic representation of the
results of the single-subject research study for all four students
(i.e., Emma, Charlie, Andrew, and Henry). Visual analysis of
the baseline and intervention levels for the students shows the
invention increased the time of exercise and the related variable
of total calories burned. The trend for all four students shows an
overall upward trend of increased time and calories burned
once the intervention began. The variability was limited as
shown by stable baseline data and the intervention data being
closely aligned along the increasing trend line. All four stu-
dents’ data demonstrate a strong immediacy of the effect, lim-
ited to zero overlap, and a high degree of consistency of data
patterns across similar phases. Individual student results are
presented below.

Emma

During baseline, Emma had an average of 2 min 57 s of exer-
cise on the stationary bike. Her average total calories burned
per baseline session was 27.8, and her heart rate average was
128.4 BPM. During the VR exercise intervention, her total time
of exercise on the stationary bike increased to an average of 16
min 01 s. Her total calories burned per session increased to
182.83, and her average heart rate was 133.5 BPM. Her PND
for the total time engaged in exercise was 100%, and her PND
for the total calories was also 100%.

Charlie

Charlie’s baseline exercise on the stationary bike had an aver-
age of 4 min 09 s with an average of total calories burned of
29.4 and a heart rate average of 91.2 BMP. During the inter-
vention using the VR and stationary bike, his average was 16
min 51 s with 135 total average calories burned and 101.5 BPM
as average heart rate. Charlie’s PND for the total time engaged
in exercise on the stationary bike was at 100% and his total
calories burned.

Andrew

A total average of 5 min 49 s was Andrew’s baseline for his
exercise on the stationary bike. He had a baseline of 48 total
calories burned and a heart rate average of 113.6 BPM. His
average exercise minutes during the VR stationary bike
increased to 17 min 22 s. In addition, his total average cal-
ories burned increased to 136.6, and his heart rate average
was now 118.17. Similar to all other students, his PND was
100% for both his average exercise time and his average for
total calories burned.
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Figure 2. Results for the virtual reality (VR) exercise gaming multiple probe across four participants. Data show that VR exercise gaming was
effective for increasing exercise duration and total calories burned.
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Henry

Finally, Henry’s total average exercise on the stationary bike
was 3 min 30 s for the baseline. His total average calories
burned were 29.25, and his heart rate average was 113.8 BPM
during baseline data collection. During the VR intervention,
Henry increased his total average exercise minutes to 20 min
41 s, his total average calories burned to 181.8, and his heart
rate to 131.33 BMP. His PND was 100% for his average exer-
cise minutes on the stationary bike as well as his total calories
burned.

Social Validity

The participants and their educators (teacher and paraprofes-
sional) were asked about their experience during the interven-
tion. All of the students indicated a strong preference for the
VR exergaming session condition. Social validity was used to
determine how the student felt about this novel immersive VR
gaming experience. One of the potential concerns by the
researchers was the possibility for the students to feel uncom-
fortable, disoriented, or scared by the VR session. The social
validity results from the students were brief, despite efforts to
get them to elaborate more. The comments from the teacher
and students were positive in their view of the VR exergaming
(see Table 1).

In addition to the student and teacher comments, the teacher
shared that

All of my students loved wearing the VR gear and participating in
the games that went along with it. Once the research was over, they
were not very interested in only riding the stationary bicycle. They
loved the VR part and only participated in the cycling part because
it was required to make the game work. If the VR gaming system
was more affordable and easier to use and set up, I think it would a
valuable tool to use in the classroom as a behavior incentive and
also for exercise.

The researchers also noted that the VR exergaming became
an incentive for the students toward the end of the study, which
was not a planned for part of the study, but it does imply the
students enjoyed participating.

Discussion

This study supports previous findings that exercise technology
interventions can be used to increase the physical activity of
individuals with IDD. This study extends the previous research
by examining a new exergaming platform using the immersive
technology of VR. The findings show that VR exergaming can
be an additional tool to support increasing the physical activity
of individuals with IDD. This study demonstrated a functional
relation between the intervention of VR exercise games and
increased duration of exercise for all four participants with
IDD. The VR intervention at least tripled their total amount
time engaged in physical activity per session compared to the

Table I. Social Validity Questions for Students and Teachers.

What did you think about the virtual reality exer-
gaming? Which way did you prefer to use the bike with

Students or without the virtual reality headset?

Emma
Charlie

| really liked playing the games.

| liked glasses better. | liked the race care and games.
Pedaling with goggles was better.

Driving the car (favorite) with headphones on because
| can hear everyone screaming when passing by
(referring to all the crowd cheering for the
race car).

A lot more fun with the goggles. More exciting with
goggles.

Emma really enjoyed the VR and did a great job
participating, but the anticipation of waiting her turn
caused some challenging behaviors; therefore, she
had to go first every time. | think the gaming system
was good for her because it helped her burn off
some excess energy, which helped with her
behavior afterward. She also had a sense of pride in
the effort she put into playing the game and riding
the bike.

We used the VR as an incentive for Charlie. Before he
could participate each time, he had to complete a
certain amount of work first. It helped him stay
focused in order to participate.

| think Andrew did the best with the whole
experience. He really enjoyed interacting with the
research activity and staff, and the research helped
him listen and follow directions, which is an area
that he sometimes struggled in. He was the student
that was the most fit and worked the hardest during
the research.

The VR research seemed to help Henry with his
coordination and balance. He had to work hard to
pedal the bicycle and also steer the game by moving
his head and body in different directions.

Andrew

Henry

Emma’s
teacher

Charlie’s
teacher

Andrew’s
teacher

Henry’
teacher

Note. VR = virtual reality.

baseline condition. The participants were in fact eager to use
the exergaming system throughout the duration of the study.

Importance

Research demonstrates that individuals with IDD are more
likely to have health-related challenges due to obesity, lifestyle
factors, and genetics (Eckel & Krauss, 1998; Janicki et al.,
2002; van Schrojenstein Lantman-de Valk, Metsemakers,
Haveman, & Crebolder, 2000). Regular exercise is one way
of addressing these challenges for individuals with IDD. How-
ever, for individuals with IDD, starting and staying active in
regular exercise is an ongoing problem. The ability to go to the
exercise facility or place of interest for participating in physical
fitness is a limiting factor (Rimmer et al., 2007). Facilities are
often not equipped to readily handle individuals with IDD and
associated physical challenges. At the same time, easy trans-
portation to “fitness centers” or gyms can be challenging. This
is compounded with an overall lack of continued interest.
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Beginning, maintaining, and advancing through fitness regi-
mens is difficult for most people. Activities that are considered
boring, uneventful, and routine make ongoing motivation
extremely difficult for individuals with or without IDD. It is
not surprising, then, that Heller, Hsieh, and Rimmer (2004)
found that after a 6-month follow-up, 87% of the participants
with Down syndrome had stopped with the exercise regime.

Exercise technology interventions such as exergaming are
one promising way to increase the amount and intensity of
exercise for individuals with IDD. The use of VR in exercise
acts to mitigate several potential barriers. The interactive game
features provide engaging interactive activities, challenges, and
encouragement that increased the physical activity of the
participants.

With the incorporation of VR exergames, exercise becomes
an interactive experience that can utilize various components
of gaming to enhance the experience and encourage more long-
term activity. Rewards, challenges, immersive experiences,
and the ability to choose different environments and activities
work to keep participants interested and engaged in exercise.
For participants with IDD, this type of activity can act to bridge
the various gaps that prevent them from continuing in directed
or individual exercise programs.

This study provides important implications for practice
when using VR exergaming to increase the duration and inten-
sity of physical activity for students with IDD. This system was
implemented as a portable system that had to be set up and
broken down repeatedly because of the space limitations at this
school. It would be much easier to install it as a permanent
resource in a school or gym. The cost of the system (US$1,500—
US$2,000) also probably makes it a better fit for a shared use at
a facility rather than an individual’s home. A fixed installation
of this system would eliminate the setup and calibration time
and allow for greater independent use of the exergaming by the
student with IDD. Just as many schools have designated spaces
in a classroom to support calm down, sensory, or other needs,
this system could facilitate an exercise outlet inside of the
classroom. VR exergaming is another potential tool that edu-
cators could implement to support students with IDD. VR exer-
gaming could provide an outlet for physical activity similar to
taking a walk without having to leave the classroom. Taking a
walk is a common behavior regulation strategy to help students
who need an outlet for physical activity or to get break from a
trigger in the classroom. For classrooms with a limited staff of
teachers and paraprofessionals, taking a student for an exercise
break out of the classroom often means one less adult in the
classroom and lost instructional time. This system could pro-
vide that exercise outlet without requiring the student and a
staff person to leave the classroom. The VR headset provides
an immersive visual and auditory experience that can redirect
them from other classroom distractions.

In addition to school or gym settings, VR exergaming could
be implemented in the home for adults with IDD. Many adults
with IDD have limited transportation options, which may
become a barrier for exercise. An in-home VR exergaming
system like the one in this study could therefore eliminate the

transportation barrier. The cost of implementing this VR exer-
gaming system at the beginning of the study (approximately
US$2,000) has already decreased to approximately US$1,000.
Because of the rapidly dropping price of this type of technol-
ogy, it is now comparable to the price of other “at-home”
exercise equipment. For individuals with IDD and their care-
givers, it is readily available for home use. These changes help
to address the challenges of cost and setup that were identified
by the student’s teacher.

Limitations

Although this study indicated positive outcomes, results must
be interpreted within the context of this study and several lim-
itations need to be considered. For example, the intervention’s
VR system (HTC Vive, VR capable computer, and Virzoom
exercise bike) used in this study represent a fairly new and still
financially expensive intervention. The Virzoom bike costs
US$399, the HTC Vive costs US$799 at the time of the study
but is now under US$500, and VR capable computer was over
$1,000. This particular game system was very accessible to the
users and included many examples of multiple means of rep-
resentation that helped the users select their interactive workout
programs (i.e., the race car game had icons for a race car in
additional to words). The game’s menus were easy for the
students to navigate and select. Accessibility could be a limita-
tion in other platforms and will need to be assessed as a barrier
in future interventions. The initial setup of the system (VR
headset, computer, bike, and calibration) takes about 10 min.
The participants in this study did not have to set up the system
on their own and would not be able to complete this indepen-
dently without significant practice.

The study did not include a maintenance phase, and future
studies should include a maintenance phase to measure the
longer term effects of the intervention. In addition, like similar
to other single-subject design studies, only a small number of
students participated. Future research could recommend larger
number of participants in the study to enhance generalizable
findings. This study did not compare this intervention against
multiple types of traditional exercise. Future research could
compare this intervention against two or more other forms of
traditional exercise in an alternating treatment design. I would
not put the characteristics of participants as a limitation either.
In this study, the intervention continued on a set selection of
games (race car, Kayak, and bike race), but a more open free
play option could be more engaging and motivating for some
individuals. Future research could also recommend replicating
this study with other populations. The small size makes it dif-
ficult to generalize the results to a broader population of stu-
dents with IDD. This study requires replication across a larger
number of participants, ages, and types of disabilities.

Future Research

Future research is needed related to examining the potential of
VR exergaming to support the needs of this population. This
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example of exergaming required the use of an exercise bike,
but many other VR exergaming examples are available. Future
studies could examine other exercise games such as rowing
machine-based games or some of the many room scale VR
games using handheld controllers in which users dodge, duck,
and jump as they interact in the VR game. Future studies with a
longer duration could examine the weight loss effects of the VR
exergaming interventions. Also, it is worth noting that while
the Apple Watch was only used as a data collection tool, the
participants were very interested in checking their progress at
the end of each session on the watch. Future research could
explore the effects of using a smart watch to self-monitor phys-
ical activity for this population. This line of research could
examine the effectiveness of using a wrist-worn activity mea-
surement tool throughout the day for individuals with IDD and
determine if there are implementation or accessibility barriers
to be addressed. While this study was focused on exercise
interventions, immersive VR experiences also have potential
academic applications that need to be examined. VR exergam-
ing is by its nature going to be in a fixed location because you
cannot safely cross a street in a VR headset looking at virtual
world, but this is not true of all immersive technologies. Future
studies could compare VR exergaming options to other related
but separate immersive technologies such as AR. AR exer-
games allow for additional opportunities in public spaces such
as parks and other community spaces. Finally, future studies
should compare the effects of VR exergaming to traditional
exercise promotion interventions such as a group fitness class.

Conclusion

VR exergaming demonstrated a functional relation to improved
exercise duration for the participants in this study. This is a
promising tool to help students with IDD achieve the physical
activity recommended guidelines (Physical Activity Guidelines
Advisory Committee, 2008) of a minimum daily amount of
30 min of moderate physical activity. VR exergaming is an
emerging technology that will continue to evolve as new
exergames become available. Future research needs to explore
how VR exergaming can support physical activity and exercise
for people with IDD to help individuals with IDD.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). Arlington, VA: American
Psychiatric. doi:10.1176/appi.books.9780890425596

Burdea Grigore, C., & Coiffet, P. (1994). Virtual reality technology.
London, England: Wiley. doi:10.1.1.469.4469

Carter, M. J., McCown, K. M., Forest, S., Martin, J., Wacker, R.,
Gaiede, D., & Fernandez, A. (2004). Exercise and fitness for adults
with developmental disabilities: Case report of a group interven-
tion. Therapeutic Recreation Journal, 38, 72—84. doi:10.1352/
1934-9556-49.1.26

Centers for Disease Control and Prevention. (2014). Key findings:
Prevalence and impact of unhealthy weight in a national sample
of US adolescents with autism and other learning and behavioral
disorders. Retrieved from https://www.cdc.gov/ncbddd/autism/fea
tures/keyfindings-unhealthy-weight.html

Eckel, R. H., & Krauss, R. M. (1998). American Heart Association call
to action: Obesity as a major risk factor for coronary heart disease.
Circulation, 97, 2099-2100. doi:10.1161/01.CIR.97.21.2099

El-Amrawy, F., & Nounou, M. 1. (2015). Are currently available
wearable devices for activity tracking and heart rate monitoring
accurate, precise, and medically beneficial? Healthcare Infor-
matics Research, 21, 315-320. doi:10.4258/hir.2015.21.4.315

Gast, D. L. (2010). Single subject research methodology in behavioral
sciences. New York, NY: Routledge. doi:10.1177/1088357610
391087

Gast, D. L., & Ledford, J. (2010). Multiple baseline and multiple
probe designs. In D. L. Gast (Ed.), Single subject research meth-
odology in behavioral sciences (pp. 276-328). New York, NY:
Routledge. doi:10.1177/1088357610391087

Heller, T., Hsieh, K., & Rimmer, J. H. (2004). Attitudinal and psy-
chosocial outcomes of a fitness and health education program on
adults with Down syndrome. American Journal on Mental Retar-
dation, 109, 175-185. doi:10.1352/0895-8017(2004)109%3C175:
AAPOOA%3E2.0.CO;2

Horner, R. H., Carr, E. G., Halle, J., McGee, G., Odom, S., & Wolery,
M. (2005). The use of single-subject research to identify evidence-
based practice in special education. Exceptional Children, 71,
165-179. doi:10.1177%2F001440290507100203

Janicki, M. P., Davidson, P. W., Henderson, C. M., McCallion, P.,
Taets, J. D., Force, L. T., ... Ladrigan, P. M. (2002). Health char-
acteristics and health services utilization in older adults with intel-
lectual disability living in community residences. Journal of
Intellectual Disability Research, 46(4), 287-298.

Jansen, D. E., Krol, B., Groothoff, J. W., & Post, D. (2004). People
with intellectual disability and their health problems: A review of
comparative studies. Journal of Intellectual Disability Research,
48, 93-102. doi:10.1111/j.1365-2788.2004.00483 .x

Johnson, C. C. (2009). The benefits of physical activity for youth with
developmental disabilities: A systematic review. American Journal
of Health Promotion, 23, 157-167. doi:10.4278%2Fajhp.070930103

Keytel, L. R., Goedecke, J. H., Noakes, T. D., Hiiloskorpi, H., Lauk-
kanen, R., van der Merwe, L., & Lambert, E. V. (2005). Prediction
of energy expenditure from heart rate monitoring during submax-
imal exercise. Journal of Sports Sciences, 23, 289-297. doi:10.
1080/02640410470001730089

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, 171-175. doi:10.
1016/S0004-9514(09)70077-7

Lloyd, M., Temple, V. A., & Foley, J. T. (2012). International BMI
comparison of children and youth with intellectual disabilities


https://www.cdc.gov/ncbddd/autism/features/keyfindings-unhealthy-weight.html
https://www.cdc.gov/ncbddd/autism/features/keyfindings-unhealthy-weight.html

Journal of Special Education Technology XX(X)

participating in Special Olympics. Research in Developmental
Disabilities, 33, 1708—1714. doi:10.1016/j.ridd.2012.04.014

Lotan, M., Isakov, E., Kessel, S., & Merrick, J. (2004). Physical fit-
ness and functional ability of children with intellectual disability:
Effects of a short-term daily treadmill intervention. The Scientific
World Journal, 4, 449—-457. doi:10.1100/tsw.2004.97

Lotan, M., Yalon-Chamovitz, S., & Weiss, P. L. (2009). Improving
physical fitness of individuals with intellectual and developmental
disabilities through a virtual reality intervention program.
Research in Developmental Disabilities, 30, 229-239. doi:10.
1016/j.ridd.2008.03.005

Lotan, M., Yalon-Chamovitz, S., & Weiss, P. L. (2010). Virtual reality
as means to improve physical fitness of individuals at a severe level
of intellectual and developmental disability. Research in Develop-
mental Disabilities, 31, 869—-874. doi:10.1016/j.ridd.2010.01.010

Maiano, C. (2010). Prevalence and risk factors of overweight and
obesity among children and adolescents with intellectual disabil-
ities. Obesity Reviews, 12, 189—-197. doi:10.1111/j.1467-789X.
2010.00744.x

Migram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual
displays. IEICE Transactions on Information Systems, E77-D,
1321-1329. Retrieved from http://web.cs.wpi.edu/ ~ gogo/hive/
papers/Milgram_IEICE_1994.pdf

McMahon, A. K., & McMahon, D. D. (2016). Exercise technology
interventions and individuals with IDD. Division of Autism and
Developmental Disabilities Online Journal, 3, 42-53.

Messent, P., Carlton, C., & Long, J. (1998). Daily physical activity in
adults with mild and moderate learning disabilities: Is there
enough? Disability and Rehabilitation, 20, 424-427. doi:10.
3109/09638289809166104

Physical Activity Guidelines Advisory Committee. (2008). Physical
activity guidelines advisory committee report, 2008. Washington,
DC: U.S. Department of Health and Human Services, A1-H14. doi:
10.1111/j.1753-4887.2008.00136.x

Rimmer, J. (1999). Health promotion for people with disabilities: The
emerging paradigm shift from disability prevention to prevention
of secondary conditions. Physical Therapy, 79, 495-502. doi:10.
1093/ptj/79.5.495

Rimmer, J. H., Rowland, J. L., & Yamaki, K. (2007). Obesity and
secondary conditions in adolescents with disabilities: Addressing
the needs of an underserved population. Journal of Adolescent
Health, 41, 224-229. doi:10.1016/j.jadohealth.2007.05.005

Rimmer, J. H., Yamaki, K., Lowry, B. M., Wang, E., & Vogel, L. C.
(2010). Obesity and obesity-related secondary conditions in ado-
lescents with intellectual/developmental disabilities. Journal of
Intellectual Disability Research, 54, 787-794. doi:10.1111/j.
1365-2788.2010.01305.x

Schalock, R. L., Borthwick-Duffy, S. A., Bradley, V. J., Butinx, B. W.
H. E., Coulter, D. L., & Craig, E. M. (2010). Intellectual disability:
Definition, classification, and systems of supports (11th ed.).
Washington, DC: American Association of Intellectual and Devel-
opmental Disability (AAIDD).

Scruggs, T. E., & Mastropieri, M. A. (2001). How to summarize
single-participant research: Ideas and applications. Exceptionality,
9, 227-244. doi:10.1207/S15327035EX0904_5

Scruggs, T. E., Mastropieri, M. A., & Casto, G. (1987). The quanti-
tative synthesis of single-subject research: Methodology and vali-
dation. Remedial and Special Education, 8, 24-33. doi:10.
1177%2F074193258700800206

Shields, N., & Taylor, N. F. (2010). A student-led progressive resis-
tance training program increases lower limb muscle strength in
adolescents with Down syndrome: A randomized controlled trial.
Journal of Physiotherapy, 56, 187-193. doi:10.1016/S1836-
9553(10)70024-2

Standen, P. J., & Brown, D. J. (2005). Virtual reality in the rehabilita-
tion of people with intellectual disabilities. Cyberpsychology &
Behavior, 8, 272-282. doi:10.1089/cpb.2005.8.272

Stanish, H. L., Temple, V. A., & Frey, G. (2006). Health-promoting
physical activity of adults with mental retardation. Mental Retar-
dation and Developmental Disabilities Research Reviews, 12,
13-21. doi:10.1002/mrdd.20090

van Schrojenstein Lantman-de Valk, H. M., Metsemakers, J. F.,
Haveman, M. J., & Crebolder, H. F. (2000). Health problems in
people with intellectual disability in general practice: A compara-
tive study. Family Practice, 17,405-407. doi:10.1093/fampra/17.
5.405

Wallen, M. P., Gomersall, S. R., Keating, S. E., Wisleff, U., &
Coombes, J. S. (2016). Accuracy of heart rate watches: Implica-
tions for weight management. PLoS One, 11, 1-11. doi:10.1371/
journal.pone.0154420

Weiss, P. L., Bialik, P., & Kizony, R., (2003). Virtual reality provides
leisure time opportunities for young adults with physical and intel-
lectual disabilities. CyberPsychology and Behavior, 6, 335-342.
doi:10.1089/109493103322011650

Wolf, M. M. (1978). Social validity: The case for subjective measure-
ment, or how applied behavior analysis is finding its heart. Journal
of Applied Behavior Analysis, 11, 203-214.

Yalon-Chamovitz, S., & Weiss, P. L. T. (2008). Virtual reality as a
leisure activity for young adults with physical and intellectual dis-
abilities. Research in Developmental Disabilities, 29, 273-287.
doi:10.1016/j.ridd.2007.05.004

Author Biographies

Don D. McMabhon is an assistant professor of special educa-
tion in the Department of Teaching and Learning at Washing-
ton State University, Pullman, WA.

Brenda Barrio is an assistant professor of special education in
the Department of Teaching and Learning at Washington State
University, Pullman, WA.

Amanda K. McMahon, MS, is a graduate student in preven-
tion science at Washington State University, Pullman, WA.

Kristen Tutt is a special educator in the State of Washington.

Jonah Firestone is an assistant professor of math and science
education in the Department of Teaching and Learning at
Washington State University, Pullman, WA.


http://web.cs.wpi.edu/~gogo/hive/papers/Milgram_IEICE_1994.pdf
http://web.cs.wpi.edu/~gogo/hive/papers/Milgram_IEICE_1994.pdf
http://web.cs.wpi.edu/~gogo/hive/papers/Milgram_IEICE_1994.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


