
Citation: Nocera, V.G.; Kybartas, T.J.;

Wozencroft, A.J.; Coe, D.P. Physical

Activity Levels during Therapeutic

Camp Activities in Youth with

Disabilities in the United States.

Disabilities 2022, 2, 764–777. https://

doi.org/10.3390/disabilities2040053

Academic Editors: Angelo Rega

and Alessandro Frolli

Received: 14 October 2022

Accepted: 2 December 2022

Published: 7 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Physical Activity Levels during Therapeutic Camp Activities in
Youth with Disabilities in the United States
Vincenzo G. Nocera 1 , Tyler J. Kybartas 2 , Angela J. Wozencroft 3 and Dawn P. Coe 3,*

1 Department of Health and Human Performance, Plymouth State University, Plymouth, NH 03264, USA
2 School of Kinesiology and Recreation, Illinois State University, Normal, IL 61790, USA
3 Department of Kinesiology, Recreation, and Sport Studies, The University of Tennessee,

Knoxville, TN 37996, USA
* Correspondence: dcoe@utk.edu; Tel.: +1-865-974-0294

Abstract: Youth with developmental disabilities (DD) face challenges that may impact their participa-
tion in physical activity. One of the biggest challenges is the availability of opportunities to engage in
activities that are adapted for youth with DD. In addition, due to challenges with current physical
activity assessment methods for youth with DD, the activity levels during modified activities remain
unclear. The purpose of this investigation was to determine the activity levels of youth with DD
during structured and unstructured activities offered during a therapeutic camp. This camp was a
five-day, overnight experience in an outdoor camp center in the southeastern region of the U.S. Youth
(n = 29; 14.6 ± 3.9 years) with more than one DD and with varying abilities wore accelerometers while
they engaged in 13 activities of varying categories (functional/gross motor, game, sociodramatic,
fine motor, free play) and contexts (ropes, horses, outdoor adventure, music and movement, yoga,
come on down, sports and games, theatre, cabin challenge, arts, cooking, mad science, free play).
Activity level varied by activity category and context and the intensity level of the majority of the
camp activities was classified as either sedentary or light. There was a time course effect on activity;
most activities resulted in a gradual decline over the session, except for cooking, sports and games,
and free play. This therapeutic camp provided an opportunity for youth to engage in physical activity
that would be classified as light intensity. The activities available at this camp were designed to
address specific goals and objectives and provided enrichment opportunities (e.g., life skills, social
skills) for youth to obtain multiple skills while using movement as a framework to deliver the content.

Keywords: children; adolescents; play; accelerometry; recreation

1. Introduction

In general, physical activity has been shown to positively impact quality of life [1].
Benefits of physical activity include reduced risk for premature mortality, cardiovascular
disease, hypertension, obesity, some forms of cancer, depression, and improved cognitive
function [2] in individuals with and without disabilities. For all children and adolescents,
these benefits have been shown to occur with at least 60 min of daily moderate to vigorous
physical activity (MVPA). Therefore, it is recommended that all youth accumulate 60 min of
MVPA daily that is developmentally appropriate [2]. Approximately 15% of youth of ages
3 to 17 years have developmental disabilities, which include conditions that result from
mental and/or physical impairment [3]. Preliminary evidence suggests that youth with
developmental disabilities participate in lower levels of MVPA compared to their peers [4].
Therefore, if youth are not meeting physical activity guidelines [2], it is critical that they
engage in some type of movement in order to reduce time spent in sedentary pursuits
(i.e., screen time, TV watching). The Canadian 24-Hour Movement Guidelines for Children
and Youth includes recommendations for sedentary behavior (≤2 h of daily screen time,
limit sitting for long periods of time) and stepping (light intensity physical activity) in
addition to 60 min of MVPA per day [5,6]. The World Health Organization (WHO) recently
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released physical activity guidelines for individuals with disabilities. The WHO offers
similar recommendations for MVPA and sedentary behavior/screen time [7]. Additionally,
these guidelines state that all physical activity counts, with health benefits achieved even
when youth are not meeting recommendations. This document includes a statement that
“doing some physical activity is better than doing none” [7]. It is important to recognize
that many children and adolescents with developmental disabilities are not provided
opportunities to be physically active due to a variety of reasons. These reasons include a
lack of programs developed and adapted for children with developmental disabilities [8],
a deficiency of adapted equipment [9], and inadequate training of staff members who
provide recreational physical activity [10]. Therapeutic camps provide opportunities for
youth with developmental disabilities to participate in leisure and recreational activities
and subsequently accumulate physical activity. Typically, therapeutic camps offer higher
staff to camper ratios with specific training to meet the needs of the campers either through
a day or residential program. Such camps provide both medical care and therapeutic
activities focusing on specific goals and objectives to address campers’ limitations and skill
development. Therapeutic camps have been shown to have numerous benefits including
increased social self-efficacy and performance [11]. Additionally, for individuals with
developmental disabilities, these camps may contribute to positive youth development [12].
Lastly, increased enjoyment, interest, relaxation, and intrinsic motivation have also been
reported as benefits associated with therapeutic camps [13,14].

Although, several benefits of therapeutic camps have been reported, the amount and
patterns of physical activity accumulated during these programs remains unclear. The goal
of therapeutic recreation camps is to participate in activities tailored to the abilities and
needs of the participants. While physical activity enhancement may not be the primary
objective of camps, the environment and programming are conducive to participating in
structured and unstructured physical activities. For example, structured activity allows
individuals to participate in pre-planned or instructor-led activities that may contribute
to the development of motor competence and confidence for a variety of skills [15] Fur-
thermore, structured activities appear to foster physical activity participation, specifically
for those with autism spectrum disorder [16]. Conversely, unstructured activities provide
the opportunity for individuals to freely choose activities that interest them. This allows
youth to engage and experiment with different types of movements, in a spontaneous
manner [17]. Camp provides an autonomous setting to investigate physical activity levels
during a variety of activities in a diverse population. Camp also provides opportunities to
expose youth to a variety of activities that can also be performed at home, school, or in a
community setting.

Thus, a stronger understanding of physical activity levels in youth with developmen-
tal disabilities during different types of physical activities may ultimately contribute to
developing appropriate intervention programs for this population. There is a critical need
for researchers and practitioners to better understand the types of physical activity that
most effectively lead to the accumulation of activity of all intensities for youth with devel-
opmental disabilities. However, it is important to note that the method of measurement is
crucial to evaluating physical activity in settings such as therapeutic camps. Accelerometry
provides an objective measure, with moderate levels of feasibility and validity that make
these devices the most used in both research and in evaluation of physical activity [18–21].
Objective measures of physical activity provide data with limited bias, whereas bias is typi-
cally found in methods such as surveys and questionnaires [22], especially when working
with individuals with some form of cognitive impairment. The use of accelerometers and
related data can provide useful feedback regarding physical activity levels and patterns to
help establish programs that can be used to design or improve programing for youth with
disabilities [23]. Accelerometers have the ability to measure overall physical activity levels
and can discriminate among different intensity levels of activity [22,23]. This methodol-
ogy is the primary assessment tool used to measure physical activity in studies such as
the National Health and Nutrition Examination Study (NHANES; United States) and the
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Biobank Study (United Kingdom), as accelerometers are considered accurate and feasible
for use in diverse populations [24,25]. Additionally, Chiew et al. reported that wearable
devices, such as accelerometers, complement other assistive technologies for persons with
developmental disabilities [26]. Accelerometers have integrated technology that is similar
to the mechanisms used in consumer wearables such as Apple watch, FitBit, etc. In addition,
since accelerometers resemble wearable technology, this may increase the likelihood that
youth will wear the devices during research studies and in the evaluation of programs.
Therefore, the purpose of this investigation was to determine the physical activity levels
and intensity of activity of youth with more than one developmental disability during
13 activities (structured and unstructured) offered during a five-day overnight therapeutic
camp through the use of wearable accelerometer technology.

2. Materials and Methods
2.1. Study Participants

A total of 29 campers (aged 7–21 years), with developmental disabilities volunteered
to participate in this study. Campers could be enrolled in the study if they met the follow-
ing inclusion criteria: camp attendee and walks with a typical gait, with hand crutches
or walker, or with ankle/foot orthoses. There were no exclusion criteria. Descriptive
characteristics are presented in Table 1 and the list of participants’ primary developmental
disabilities is included in Table 2. All participants were attending a five-day, overnight
therapeutic camp in the southeast region of the U.S. Prior to data collection, an email
detailing the study’s purpose and methods was sent to the parents and/or guardians of
those attending camp. After check-in, informed consent was obtained from parents and/or
guardians. During this time, study protocols were thoroughly explained to parents and/or
guardians and to the study participants. Additionally, participants were asked to provide
written assent prior to their participation. This study was approved by the Institutional
Review Board at the affiliated university.

Table 1. Descriptive characteristics (n = 29; mean ± standard deviation).

Age 14.6 ± 3.9
Mass (kg) 59.3 ± 24.6
Height (cm) 152.8 ± 18.0
BMI (kg/m2) 24.5 ± 6.7
Sex

Male 45%
Female 55%

Table 2. Primary disability of each participant (n = 29).

Autism (n = 6) Genetic disorder (n = 1)
Cerebral Palsy (n = 1) Global Apraxia (n = 1)
Developmental Delay (n = 1) Global Developmental Delays (n = 1)
Disgenisis of the Corpus Callosum (n = 1) Intellectual Disability (n = 4)
Down Syndrome (n = 9) Prader–Willi Syndrome (n = 1)
Dup15q Syndrome (n = 1) Spina Bifida (n = 1)
Tetrasomy X (n = 1)

Camp Setting

Data were collected as part of a therapeutic camp in the spring of 2018, at an accessible
4-H camp located in the southeast region of the U.S. The purpose of this therapeutic camp
was to provide individuals with developmental disabilities the opportunity to participate
in an outdoor camp that offers an experience that would be similar to traditional camping
activities plus additional enrichment activity opportunities. These enrichment activity
opportunities (e.g., life skills, social skills) are designed for youth to obtain and develop
multiple skills while using movement as a framework to deliver the content. At this specific
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camp, each camper was assigned at least one counselor, resulting in a 1-to-1 camper-to-
counselor ratio.

Each camper was placed into a cabin group based on age and sex. Cabin groups
participated in 14 activities of varying contexts based on the primary activity skill addressed,
for a total of 41 min per activity in station-like format. The activities were planned and
implemented by university students following the approval of a Certified Therapeutic
Recreation Specialist. Activities were offered in a round robin schedule for each cabin group,
with nine activities on the schedule for each day. The campers engaged in each activity at
least two times during the camp. Activities were named based on the context of each activity.
The activities included ropes, outdoor adventure, horses, music and movement, come on
down (game show activities), sports and games, theatre, cabin challenge (inter-cabin
competitive task), arts, cooking, mad science, yoga, free period, and canoes. All activities
were assigned to their activity category based on the major objective of that activity:
gross/functional, game, sociodramatic, fine/constructive, and free play. The activity
categories were agreed upon by all authors. A detailed description of each activity and how
it was categorized is presented in Table 3. With the exception of the gross/functional and
free play, the majority of the activity in the remaining categories was primarily performed in
the stationary position (sitting or standing). For safety reasons during the canoeing activity,
the counselors were responsible for paddling the canoe and the camper was instructed to
remain still and limit movement. Due to this lack of direct camper involvement and no
physical activity in the canoes, this activity was not included in the analysis.

Table 3. Camp activity descriptions and classification table.

Activity Description

Gross/Functional

Ropes Movement at a self-selected pace through a tight rope like obstacle course. Movement would primarily
be classified as balancing and walking.

Horses Engagement in actual horseback riding with assistance. Activity would be limited to upper body
movement with the lower body providing stability on the horses.

Outdoor Adventure Learn and execute basic survival skills such as movement though obstacle courses at a self-selected pace,
typically walking.

Music and Movement Learn and execute dance movements.
Yoga Learn and execute basic yoga movements.
Canoeing * Ride in a canoe while counselors paddle. Movement is restricted during this activity for safety reasons.

Game

Come on Down An interactive game that tests the knowledge of popular culture in a game show format, participants
alternate between seated and standing positions.

Sports and Games A variety of sports and games played within a controlled and inclusive environment.

Sociodramatic

Theatre Development and performance of pretend play on stage. The participants alternated between seated and
standing positions.

Cabin Challenge Challenging tasks that stimulate cognitive functioning. Participants were seated for the majority of
this activity.

Fine/Constructive

Arts Consisting of various artistic projects. Participants were seated for the majority of this activity.

Cooking Learn and execute basic cooking skills and techniques. Participants were seated for the majority of
this activity.

Mad Science Participate in a variety of scientific experiments. Participants were seated for the majority of this activity.

Free Period

Unstructured free time A free period of time with no planned activities. Activities varied during this time.

* Due to lack of participant involvement and physical activity while canoeing, canoe was not included in
the analysis.
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2.2. Study Design

Prior to data collection, the participants and their counselors met with the researchers.
The researchers introduced themselves and familiarized the youth with the accelerometers.
During this time, height was assessed using a portable stadiometer and weight was mea-
sured using an electronic scale. In order to introduce the accelerometer to the participant
and to ensure optimal compliance, all individuals had the opportunity to decorate their
own accelerometer band. This was done prior to the commencement of camp activities.
Additionally, various staff members were affixed with their own accelerometer, this was
done to not only ensure that campers were wearing the monitors in the correct locations,
but also to allow campers to model the staff members’ behavior. Finally, the camp counselor
assigned to each participant, was asked to encourage compliance from each camper. Of the
145 accelerometers distributed (29 participants over 5 days), only one device was lost.

Accelerometers were distributed each morning, prior to the start of the camp activities.
Along with accelerometers, a wear-location and wear-time log was distributed to the specific
counselor assigned to each participant. Participants were given autonomy to determine
wear location (hip, wrist, or ankle). Participants were informed that they could remove and
re-attach the devices at any time. Appropriate wear locations were thoroughly explained to
counselors. Wrist-worn accelerometers were located proximal to the ulnar styloid process.
Ankle-worn accelerometers were located on the lateral aspect of the ankle, proximal to
the lateral malleolus. Hip-worn accelerometers were placed above the right iliac crest on
the axillary line. A picture of each wear location was also provided to each counselor.
Counselors were instructed to record wear time on the log provided. In addition, wear
location was also recorded. Participants were asked to wear the devices for the duration
of the day, excluding water-related activities. At the end of each day, accelerometers were
collected, data were downloaded, and then the devices were initialized and redistributed
the next morning. The majority of participants (22 out of 29 enrolled) chose to wear the
accelerometer on their wrist and the remaining participants chose to wear the device on
their ankle. For the purpose of research, the wrist site is the most commonly used site
and is able to record upper limb movement in addition to ambulation. This site has also
been shown to promote better wear compliance and be perceived as less burdensome
compared to the hip location [27,28] National studies such as U.S. NHANES and the UK
Biobank Study utilize the wrist location [24,25]. The ankle only records ambulatory activity,
which may limit measurement of true activity levels especially in individuals with physical
disabilities, who may be limited in their ability to perform ambulatory activities. The wrist
placement is also the most common site for wearable technology (Apple Watch, Fitbit, etc.)
and may facilitate the use of these devices to monitor activity levels in individuals with
developmental disabilities. Therefore, the authors chose to only use the participants with
wrist data (n = 22) in analysis as these data provided the most comprehensive measurement
of physical activity in the sample. Although there were no differences in accelerometer data
between the wrist and ankle (p > 0.05), we chose to only use data from participants who
wore the accelerometer on their wrists. For the reasons described above and on account of
the diverse nature of the camp activities, using the wrist location allows for consistent data
measurement of upper and lower body movement among all participants.

2.2.1. Accelerometry

Physical activity data were collected using ActiGraph GT3X and GT3X+ (ActiGraph,
Pensacola, FL, USA) accelerometers. Accelerometers measure body movements in terms of
acceleration of three axes (vertical, medio-lateral, and antero-posterior) [29]. The data from
these axes were exported into the ActiGraph software (ActiLife, version 6.13.4; Pensacola,
FL, USA) to calculate vector magnitude (VM). VM was determined by taking the square
root of the sum of squares of each axis. The device was initialized to collect data in 1-s
epoch lengths. VM was chosen to represent overall movement of the participants since
accelerometer cut-points for intensity level (sedentary, light, moderate, and vigorous) have
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not been established for youth with disabilities and VM provides information on activity in
all axes.

VM data were converted to activity intensity levels using the cut points developed
by Crouter and colleagues [28]. These cut-points were chosen since they were utilized
in youth close to the age range of those in the current study and have been utilized in
youth physical activity surveillance research [30]. Additionally, these cut-points were
chosen since there are currently no published wrist cut-points developed on youth with
developmental disabilities. Although these cut points are not ideal because they were not
developed on youth with developmental disabilities, they allowed the authors to provide
information regarding the general intensity level of the activities completed during the
camp. Previous studies successfully utilized accelerometers in youth with disabilities
(Cerebral Palsy, Muscular Dystrophy) and included wear on both the wrist as well as the
hip [31,32]. For the purpose of the current study, compliance with accelerometer wear was
defined as wearing the monitor during the specific camp activities. Wear-time validation
was computed using the Choi [33], provided by the ActiGraph software and was compared
to the wear time recorded by the counselor.

2.2.2. Data Analysis

Data were analyzed using SPSS version 25 (IBM, Armonk, NY, USA). All values are
presented as mean ± standard deviation (SD). Any activity where the individual wore the
accelerometer for the entire duration of the activity was included in the analysis. On average
participants complied with wearing the accelerometer during 81.4% of the activities and
data were available for 82.1% of the sample for all of the activities. Overall, this indicates
that participants were compliant and wore the accelerometers during the majority of
the activities during camp. Accelerometer data were not normally distributed; therefore,
Kruskal–Wallis tests were utilized to determine differences in VM among activity categories
and individual activities. Post hoc pairwise comparisons were run to determine where
differences existed amongst activity categories and activities and a Bonferroni correction
was applied. To provide contextual information about the activity, Crouter et al. cut-points
were used to classify the average intensity level of each activity [28]. Hierarchical linear
models were used to demonstrate the time course change in VM with time over the course
of an activity, as the level one variable, the individual participant being the level two
variable, and the predictor variable of activity type (ropes, outdoor adventure, horses,
music and movement, come on down, sports and games, theatre, cabin challenge, arts,
cooking, mad science, yoga, free period). Significance was set at p < 0.05 a priori.

3. Results

Mean VM data for activity categories and each activity are presented in Table 4.
There were differences in activity levels amongst the activity categories [H(4) = 32.57;
p < 0.001]. Activity during the Free Period category was significantly greater than the
Gross/Functional (p = 0.002), and Fine/Constructive (p < 0.05) categories. Sociodramatic
activity was greater than Gross/Functional (p < 0.001), but less than Fine/Constructive
activity (p = 0.001). There were also significant differences in VM among the different
activities [H(12) = 311.21, p < 0.001]. There was more activity (p < 0.005; except where noted)
during unstructured free time, horses, sports and games, outdoor adventure, and cabin
challenge compared to yoga, music, mad science, come on down, and ropes (ropes and
horses compared to free play; p < 0.05). Cooking resulted in higher activity levels (p < 0.001;
except where noted) compared to yoga, music, mad science, come on down, arts, ropes,
and theatre (p = 0.009). On average, the participants engaged in mostly sedentary and light
intensity physical activity during the camp activities with minimal time spent in MVPA
(Table 4).

There were main effects for time, F(1, 2349.65) = 54.26, p < 0.001 and activity, F(12,
5835.62) = 7.17, p < 0.001, and a significant interaction between time and activity, F(12,
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5841.43) = 5.40, p < 0.001. Figure 1 represents the average time course change of VM for
each activity and they are grouped by activity category.

Table 4. Vector magnitude (mean and SD) and activity intensity for activity categories and activities.

Activity Category
(Activity)

Vector Magnitude
(Counts per Minute)

Activity Intensity
(%; Min during the 41-min Activity Session)

n Mean (SD) Median (IQR) Sedentary Light Moderate

Gross/Functional 3690 2807.2 (2383.7) 2363.6 (1145.2–3831.4)
Ropes 779 2698.5 (2130.7) 2239.4 (1192.0–3691.3) 75.6 (31 min) 19.5 (8 min) 4.9 (2 min)
Horses 738 3409.2 (2458.5) 3073.8 (1719.6–4444.1) 58.5 (24 min) 41.5 (17 min) 0 (0 min)
Outdoor Adventure 779 3234.6 (2700.4) 2710.9 (1584.0–4168.7) 53.78 (22 min) 46.3 (19 min) 0 (0 min)
Music & Movement 697 2208.2 (1880.1) 1813.7 (865.8–3128.6) 92.7 (38 min) 7.3 (3 min) 0 (0 min)
Yoga 697 2412.2 (2416.1) 1872.4 (800.1–3326.4) 87.8 (36 min) 12.2 (5 min) 0 (0 min)

Game 1558 2938.9 (2461.4) 2481.9 (1198.2–4050.9)
Come on Down 738 2527.6 (2074.9) 2119.5 (998.4–3555.1) 90.2 (37 min) 9.8 (4 min) 0 (0 min)
Sports & Games 820 3309.1 (2715.5) 2752.8 (1412.8–4498.11) 58.5 (24 min) 41.5 (17 min) 0 (0 min)

Sociodramatic 1599 3155.0 (2580.6) 2650.4 (1446.3–4304.1)
Theatre 861 3080.6 (2715.5) 2538.3 (1373.9–4176.1) 68.3 (28 min) 29.3 (12 min) 2.4 (1 min)
Cabin Challenge 738 3241.9 (2412.7) 2882.4 (1535.7–4485.0) 63.4 (26 min) 36.6 (15 min) 0 (0 min)

Fine/Constructive 2127 3225.8 (3393.1) 2295.4 (1036.4–4157.6)
Art 738 2876.0 (2742.8) 2183.0 (1339.0–3351.0) 80.5 (33 min) 19.5 (8 min) 0 (0 min)
Cooking 697 4379.8 (4403.4) 3281.0 (1046.5–6371.9) 2.4 (1 min) 65.9 (27 min) 31.7 (13 min)
Mad Science 692 2436.7 (2402.3) 1887.0(669.3–3425.4) 87.8 (36 min) 12.2 (5 min) 0 (0 min)

Free Period 697 3610.2 (3518.8) 2914.2 (933.9–5334.2)
Unstructured Free Time 697 3610.2 (3518.8) 2914.2 (933.9–5334.2) 31.7 (13 min) 68.3 (28 min) 0 (0 min)

SD = Standard Deviation; IQR = Interquartile Range.
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4. Discussion

Current evidence suggests that youth with developmental disabilities are at an in-
creased risk for physical inactivity and its related consequences. Through the identification
of activities that can be used to reduce sedentary time, strategies can be developed to
increase overall levels of physical activity. The purpose of this study was to measure the
physical activity levels of youth with developmental disabilities attending a therapeutic
camp through the use of wearable accelerometer technology. It appears in this investigation
that the physical activity levels (VM) during an assortment of activities varied by activity
category as well as by activity. This finding was supported by growth curve analyses that
revealed the physical activity levels varied throughout the duration of each activity based
on activity type and category. The majority of the activities saw a decline in VM over the
activity time period. Cooking had the highest amount of activity over the time period, and
it appears that both cooking and sports and games remained relatively consistent over
the activity period. The free play period was the only activity that saw a linear increase
over duration of the activity period. During all camp activities, the participants engaged in
mostly light intensity activity, limited moderate intensity activity (~3% of the time), and
the remainder of the time in the activity spent being sedentary. Finally, the participants
spent the most time in light intensity activity when participating in the cooking and free
play activities.

Overall, the average activity level differed by activity category, as well as by activity.
Accelerometry has been used in a variety of studies to explore the physical activity levels of
children without disabilities during horseback riding [34], sociodramatic play [35], dancing
activities [36], arts and crafts [37], and during recreational sports [38]. Additionally, a recent
study explored the activity levels of children with autism spectrum disorder using wrist-
worn accelerometry [39]. However, to the authors knowledge, no studies have provided
information on the activity levels of all the activities explored in the current investigation.
Camps in general offer an opportunity for youth with and without developmental disabil-
ities to increase physical activity levels through a variety of activities [40,41]. Consistent
with previous research, the results of the current investigation suggest that physical activity
can be accumulated regardless of the camp activity.

According to Leung and colleagues, it is recommended that accelerometer data be
reported as raw outputs or as activity counts over a specific time period (i.e., counts per
minutes) since no cut-points for the wrist have specifically been developed for youth with
developmental disabilities [42]. Additionally, this would allow for comparisons between
studies to be made. VM data in this study revealed differences in activity categories.
Unexpectedly, participation in the gross motor/functional activities had the lowest level of
activity counts. These types of activities use large muscles and typically are continuous in
nature. However, the gross motor/functional activities had the largest decrease in activity
during the activity period (Figure 1). This decrease could be due to a number of factors that
include a lack of stamina to complete the activities, lack of skill, increased time devoted to
familiarization with the activity, or boredom during the activity. Free play had one of the
highest VM of all activity categories and on average activity counts increased throughout
the duration of the free play (Figure 1). During free play, it may take time for the individual
to decide on a chosen activity leading to low activity counts. Initiation and participation in
the activity for the remainder of the activity period may result in the gradual increase in
activity levels during free play.

In the current study, cut-points from Crouter et al. were used in order to provide some
information regarding the general intensity levels of all of the individual camp activities
as well as to put the VM counts per minute into context [28]. The participants in this
study spent a large percentage of time being sedentary during the camp activities, with
the exception of cooking, sports and games, and free play. However, many of the activities
allowed the participants the opportunity to engage in some light intensity physical activity.
Although few of the camp activities evaluated elicited MVPA in the study participants,
they offer the opportunity to engage in light intensity activity and to reduce sedentary
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behaviors. Higher levels of sedentary behavior are associated with lower levels of physical
activity and more screen time, which have a deleterious impact on the health of children
and adolescents [43]. Light intensity activity does have a lower cardiovascular demand
and may be more comfortable for youth, yet light activity is still meaningful from a public
health perspective [44]. Additionally, emerging research has shown a correlation between
light physical activity and reduced overall disease risk [43]. The WHO has identified the
importance of light activity as it is more likely that individuals will engage in light intensity
activity for longer periods of time compared to MVPA [7]. While the participants accumu-
lated very little MVPA to meet recommendations during camp activities, the activities did
allow for light intensity activity and reduction in sedentary time, as well as the opportunity
to learn new skills and engage in group activities (structured and unstructured) with their
peers. Since activity levels tend to be low in this population, any movement regardless of
intensity may be beneficial.

The camp environment offers a unique opportunity for health care professionals,
parents, and therapists to address other skills (e.g., cognition, socialization) while increasing
physical activity. To increase physical activity adherence, it is recommended that programs
be designed to be diverse and autonomous [45]. The current investigation supports this
notion, suggesting that physical activity levels can be increased with a variety of activities.
Therefore, it may be pertinent to focus more on discovering activities that intrinsically
motivate youth as opposed to those that are traditionally thought to increase physical
activity (e.g., recreational sports).

As previously stated, of all the activities analyzed in the investigation, free play
appeared to be the only activity to linearly increase with time. Additionally, the free play
category activity was significantly higher than the Gross/Functional and Fine/Constructive
categories. The free play session allowed campers to choose an activity they wanted to
participate in with support and limited restrictions from the camp staff. The authors
postulate that the ability to participate in activities of preference for the camper reinforces
the notion that intrinsic motivation is critical to increasing physical activity levels [46].
Free play is important for children with developmental disabilities for a variety of reasons
including improving social interaction [47], improving the ability to learn in an inclusive
setting [48], and providing a foundation to develop leisure skills [49]. In a typical day-
to-day situation, this free play can be compared to recess while at school. Since the play
opportunities outside of the school setting remain scarce [50], it is recommended that
children with developmental disabilities accumulate physical activity within the school
setting [51]. Due to the freedom associated with playing during recess, this may be an
ideal opportunity for youth with developmental disabilities to participate in physical
activity. Although the benefits of recess are well known [52], current evidence suggests that,
during this time, those with developmental disabilities do not accumulate enough physical
activity [51,53]. Since free play activity gradually increases with time in the current study,
opportunities for longer periods of free play should be available to encourage physical
activity. Future research should focus on developing strategies to increase opportunities to
engage in free play in a variety setting outside of the camp environment, especially within
the school setting.

When given the opportunity for free play, the level of physical activity typically does
not remain consistent throughout the free play period. Research in pre-school children
conducted by Pate et al. showed varying patterns of activity during outdoor, free play
time [54]. Boys showed a gradual decline throughout the period while the girls’ activity
was episodic, with variations in active and sedentary periods. Overall, Pate et al. found that
activity is typically highest at the beginning of the play period and gradually decreases [54].
This pattern of activity is similar to that found in the current study. With the exception of
cooking, sports and games, and free play, there was a decline in activity level throughout
each session. This may be indicative of a loss in interest with the activity over time or the
inability to sustain the activity. During cooking and sports and games, activity remained
relatively consistent and during the free play session, there was a gradual increase in activity
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over the 41-min time period. During the free play, it may take time for the individual to
decide what activity to engage in and then they may increase physical activity levels
as they participate in their chosen free play activity. These findings indicate that the
time period of the activity should be considered when creating programs for youth with
developmental disabilities.

The camp that served as the setting for the current study had the facilities and all of
the equipment necessary to implement a variety of structured activities. During free play
at camp, the participants were not limited to a specific area and had access to equipment
to use during this activity period. Environments designed to promote activity through
fixed elements (i.e., soccer fields, playgrounds) and portable objects (i.e., soccer balls, hula
hoops, etc.) allow youth to self-determine their own activity. This autonomy may lead
to a more pleasurable and sustainable physical activity opportunity. This is consistent
with current literature, in which these types of structured environments (e.g., school based
physical activity) offer an opportunity for youth with developmental disabilities to increase
their physical activity levels [16,55]. It appears that, in this investigation, offering a self-
determined environment to engage in free play while also having portable objects and fixed
structures, may allow children with developmental disabilities to autonomously engage in
physical activity. Therefore, it is important that future interventions consider a supportive
and structured environment, that also provides adequate supplies that allow for freely
chosen and self-determine desired activities.

Some activities such as cooking, or arts may be classified as sedentary if using ac-
celerometer data from the hip due to lack of ambulation during the activities. However,
when worn on the wrist the accelerometer records activity despite an absence of ambula-
tion. These findings are consistent with previous literature exploring activity of children
without disabilities in a free-living environment [54]. Accelerometers worn on the wrist are
sensitive to extraneous movements of the hands [56–58]. Since cooking is an activity that
requires a lot of activity utilizing the hands, it is possible that these movements resulted
in higher VM compared to other activities that required more gross motor movements
and less arm gesticulation and variability. A youth physical activity compendium has
recently been developed by the National Collaborative on Childhood Obesity Research, but
cooking is not an activity included in this document [59]. Since cooking has been shown
to be enjoyable and sustainable [60], while expending low amounts of energy, it may be a
possible pragmatic activity for youth with developmental disabilities. Thus, while cooking
involves continuous fine motor hand-gestures, yet requires relatively low activity intensity,
this may explain why the participants were able to maintain a relatively consistent VM
throughout the duration of the activity.

There are several strengths to the current study. The use of objective monitors provides
a more accurate assessment of physical activity levels since it does not rely on recall bias
associated with questionnaires or the subjective bias of direct observation. The environment
where the study took place enabled close, continuous monitoring of the participants’
compliance with wearing the accelerometer. Due to the 1-to-1 ratio of camper to counselor,
actual wear time data were recorded for each participant. The camp provided a unique
backdrop that allowed for the quantification of a wide variety of autonomous activities
that encompassed diverse activity categories. The current investigation is not without
limitations. Since the activities were performed in a 1-to-1 camp setting, counselors and
camp staff were consistently able to motivate participants to remain engaged in activities.
Due to the fact that all participants were diagnosed with a variety of developmental
disabilities, data generated from the accelerometer may be impacted by gait irregularities.
However, accelerometers have been used in these populations previously and are currently
the most feasible way to measure physical activity in youth with developmental disabilities.
Therefore, it is difficult to generalize these results to the day-to-day life of children with
developmental disabilities. Future studies should explore this relationship in a more typical
environment. In addition, future research should explore compliance and physical activity
levels with a more homogenous population. The sample size was relatively small which
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may have had an impact on the study results. Finally, since the counselors were responsible
for recording the compliance of the participants, it is possible that there were errors in the
recording of this information and implementation of these devices.

There are several important implications regarding the current study. The use of
objective monitors that are able to discriminate among varying intensity levels provides
valuable data on specific activities that are typical in therapeutic settings. According to the
American College of Sports Medicine Worldwide Survey Fitness Trends 2021, wearable
technology was the second most commonly identified trend by fitness professionals. This
trend has remained a popular modality (top 3 every year) since being introduced in 2016.
This suggests that wearable technology (i.e., wearables) is recognized as a popular positive
tool in the fitness industry [61]. However, there is a lack of data in youth with develop-
mental disabilities regarding physical activity participation using objectively monitored
physical activity levels. By presenting accelerometer data, this may provide information for
future investigations to compare to, with the intention to gain a more robust understanding
of the physical activity patterns of youth with developmental disabilities. This is important
as the WHO has identified this evidence gap and has determined that observational studies,
randomized control trials, and mixed method studies need to be conducted in youth with
developmental disabilities in order to clearly determine the relationships between physical
activity, sedentary behaviors, and health and wellness outcomes [43]. The current study
provides observational data that can be used as a starting point to develop future studies
and to determine activities that may be useful to increase movement in this population.

5. Conclusions

Improving the physical activity levels of youth with developmental disabilities remains
the uppermost priority of researchers and practitioners and this research supports the use
of wearable technology such as accelerometers to measure physical activity in youth with
developmental disabilities. During the study, the youth were able to accumulate some light
intensity activity during all of the camp activities. Thus, the camp setting is a way to expose
youth to new activity opportunities as well as to encourage physical activity. The results
suggest that a variety of activities may be used to increase physical activity, which may
offer the opportunity to address other skills such as social, emotional, and behavioral skills.
Finally, unstructured free play appears to linearly increase as time increases. It appears
that when given the opportunity to play freely, youth with developmental disabilities will
gradually increase their physical activity levels. This further supports the notion that youth
with developmental disabilities should engage in activities that are intrinsically motivating.

Author Contributions: Conceptualization, V.G.N., A.J.W. and D.P.C.; Methodology, V.G.N., A.J.W.
and D.P.C.; Investigation, V.G.N. and T.J.K.; Data Curation, V.G.N. and T.J.K.; Formal Analysis, D.P.C.;
Writing—Original Draft Preparation, V.G.N., A.J.W. and D.P.C.; Writing—Review and Editing, V.G.N.,
A.J.W., T.J.K. and D.P.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of The University of
Tennessee, Knoxville (UTK IRB-18-04315-XP; 3 May 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: For more information regarding data availability, please email Dawn P.
Coe, dcoe@utk.edu.

Conflicts of Interest: The authors declare no conflict of interest.



Disabilities 2022, 2 775

References
1. Bize, R.; Johnson, J.A.; Plotnikoff, R.C. Physical activity level and health-related quality of life in the general adult population: A

systematic review. Prev. Med. 2007, 45, 401–415. [CrossRef] [PubMed]
2. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee Scientific Report; US Department

of Health and Human Services: Washington, DC, USA, 2018.
3. Boyle, C.A.; Boulet, S.; Schieve, L.A.; Cohen, R.A.; Blumberg, S.J.; Yeargin-Allsopp, M.; Visser, S.; Kogan, M.D. Trends in the

prevalence of developmental disabilities in US children, 1997–2008. Pediatrics 2011, 127, 1034–1042. [CrossRef] [PubMed]
4. Lobenius-Palmer, K.; Sjoqvist, B.; Hurtig-Wennlof, A.; Lundqvist, L.O. Accelerometer-Assessed physical activity and sedentary

time in youth with disabilities. Adapt. Phys. Activ. Q. 2018, 35, 1–19. [CrossRef] [PubMed]
5. Carson, V.; Hunter, S.; Kuzik, N.; Gray, C.E.; Poitras, V.J.; Chaput, J.P.; Tremblay, M.S. Systematic review of sedentary behaviour

and health indicators in school-aged children and youth: An update. Appl. Physiol. Nutr. Metab. 2016, 41, S240–S265. [CrossRef]
[PubMed]

6. Tremblay, M.S.; Carson, V.; Chaput, J.P.; Connor Gorber, S.; Dinh, T.; Duggan, M.; Zehr, L. Canadian 24-hour movement guidelines
for children and youth: An integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2016, 41,
S311–S327. [CrossRef] [PubMed]

7. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

8. Kodish, S.; Kulinna, P.H.; Martin, J.; Pangrazi, R.; Darst, P. Determinants of physical activity in an inclusive setting. Adapt. Phys.
Activ. Q. 2006, 23, 390–409. [CrossRef]

9. Darrah, J.; Wessel, J.; Nearingburg, P.; O'Connor, M. Evaluation of a community fitness program for adolescents with cerebral
palsy. Pediatric. Phys. Ther. 1999, 11, 18–23. [CrossRef]

10. Schreiber, J.; Marchetti, G.; Crytzer, T. The implementation of a fitness program for children with disabilities: A clinical case
report. Pediatric. Phys. Ther. 2004, 16, 173–179. [CrossRef]

11. Allsop, J.; Negley, S.; Sibthorp, J. Assessing the social effect of Therapeutic Recreation summer camp for adolescents with chronic
illness. Ther. Recreat. J. 2013, 47, 35–46.

12. Wozencroft, A.J.; Scott, J.L.; Waller, S.N.; Parsons, M.D. Positive youth development for youth with disabilities in a therapeutic
camp setting. J. Youth Dev. 2019, 14, 182–197. [CrossRef]

13. Moxham, L.; Liersch-Sumskis, S.; Taylor, E.; Patterson, C.; Brighton, R. Preliminary outcomes of a pilot Therapeutic Recreation
camp for people with a mental illness. Ther. Recreat. J. 2015, 49, 61–75.

14. Cotton, S.M.; Butselaar, F.J. Adventure Camps for young adults and adults with mental illness. Psychiatr. Serv. 2012, 63, 1154.
15. Sarkin, J.A.; McKenzie, T.L.; Sallis, J.F. Gender differences in physical activity during fifth-grade physical education and recess

periods. J. Teach. Phys. Educ. 1997, 17, 99–106. [CrossRef]
16. MacDonald, M.; Esposito, P.; Ulrich, D. The physical activity patterns of children with autism. BMC Res. Notes 2011, 4, 422.

[CrossRef] [PubMed]
17. Yogman, M.; Garner, A.; Hutchinson, J.; Hirsh-Pasek, K.; Golinkoff, R.M. The Power of Play: A Pediatric Role in Enhancing

Development in Young Children. Pediatrics 2018, 142, e20182058. [CrossRef] [PubMed]
18. Welk, G.; Morrow, J.; Saint-Maurice, P. Measures Registry User Guide: Individual Physical Activity; National Collaborative on

Childhood Obesity Research: Washington, DC, USA, 2017; Available online: https://nccor.org/tools-mruserguides/wp-content/
uploads/2017/NCCOR_MR_User_Guide_Individual_PA-FINAL.pdf (accessed on 23 November 2022).

19. Trost, S.G.; Ward, D.S.; Moorehead, S.M.; Watson, P.D.; Riner, W.; Burke, J.R. Validity of the computer science and applications
(CSA) activity monitor in children. Med. Sci. Sports Exerc. 1998, 30, 629–633. [CrossRef] [PubMed]

20. Trost, S.G.; McIver, K.L.; Pate, R.R. Conducting accelerometer-based activity assessments in field-based research. Med. Sci. Sports
Exerc. 2005, 37, S531–S543. [CrossRef] [PubMed]

21. Freedson, P.; Pober, D.; Janz, K.F. Calibration of accelerometer output for children. Med. Sci. Sports Exerc. 2005, 37, S523–S530.
[CrossRef]

22. Troiano, R.P.; McClain, J.J.; Brychta, R.J.; Chen, K.Y. Evolution of accelerometer methods for physical activity research. Br. J. Sports
Med. 2014, 48, 1019–1023. [CrossRef] [PubMed]

23. Herrington, W.G.; Goldsack, J.C.; Landray, M.J. Increasing the use of mobile technology-derived endpoints in clinical trials. Clin.
Trials 2018, 15, 313–315. [CrossRef] [PubMed]

24. Belcher, B.R.; Wolff-Hughes, D.L.; Dooley, E.E.; Staudenmayer, J.; Berrigan, D.; Eberhardt, M.S.; Troiano, R.P. US Population-
referenced Percentiles for Wrist-Worn Accelerometer-derived Activity. Med. Sci. Sports Exerc. 2021, 53, 2455–2464. [CrossRef]
[PubMed]

25. Millard, L.A.C.; Tilling, K.; Gaunt, T.R.; Carslake, D.; Lawlor, D.A. Correction: Association of physical activity intensity and bout
length with mortality: An observational study of 79,503 UK Biobank participants. PLoS Med. 2022, 19, e1004020. [CrossRef]
[PubMed]

26. Chiew, T.K.; Khoo, S.; Ansari, P.; Kiruthika, U. Mobile and wearable technologies for persons with disabilities: A bibliometric
analysis (2000–2021). Disabil. Rehabil. Assist. Technol. 2022, 1–9. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ypmed.2007.07.017
http://www.ncbi.nlm.nih.gov/pubmed/17707498
http://doi.org/10.1542/peds.2010-2989
http://www.ncbi.nlm.nih.gov/pubmed/21606152
http://doi.org/10.1123/apaq.2015-0065
http://www.ncbi.nlm.nih.gov/pubmed/29072484
http://doi.org/10.1139/apnm-2015-0630
http://www.ncbi.nlm.nih.gov/pubmed/27306432
http://doi.org/10.1139/apnm-2016-0151
http://www.ncbi.nlm.nih.gov/pubmed/27306437
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1123/apaq.23.4.390
http://doi.org/10.1097/00001577-199901110-00004
http://doi.org/10.1097/01.PEP.0000136007.39269.17
http://doi.org/10.5195/jyd.2019.634
http://doi.org/10.1123/jtpe.17.1.99
http://doi.org/10.1186/1756-0500-4-422
http://www.ncbi.nlm.nih.gov/pubmed/22008607
http://doi.org/10.1542/peds.2018-2058
http://www.ncbi.nlm.nih.gov/pubmed/30126932
https://nccor.org/tools-mruserguides/wp-content/uploads/2017/NCCOR_MR_User_Guide_Individual_PA-FINAL.pdf
https://nccor.org/tools-mruserguides/wp-content/uploads/2017/NCCOR_MR_User_Guide_Individual_PA-FINAL.pdf
http://doi.org/10.1097/00005768-199804000-00023
http://www.ncbi.nlm.nih.gov/pubmed/9565947
http://doi.org/10.1249/01.mss.0000185657.86065.98
http://www.ncbi.nlm.nih.gov/pubmed/16294116
http://doi.org/10.1249/01.mss.0000185658.28284.ba
http://doi.org/10.1136/bjsports-2014-093546
http://www.ncbi.nlm.nih.gov/pubmed/24782483
http://doi.org/10.1177/1740774518755393
http://www.ncbi.nlm.nih.gov/pubmed/29400066
http://doi.org/10.1249/MSS.0000000000002726
http://www.ncbi.nlm.nih.gov/pubmed/34115727
http://doi.org/10.1371/journal.pmed.1004020
http://www.ncbi.nlm.nih.gov/pubmed/35649229
http://doi.org/10.1080/17483107.2022.2138996
http://www.ncbi.nlm.nih.gov/pubmed/36306172


Disabilities 2022, 2 776

27. Fairclough, S.J.; Noonan, R.J.; Rowlands, A.V.; van Hees, V.; Knowles, Z.R.; Boddy, L.M. Wear Compliance and Activity in
Children Wearing Wrist and Hip-Mounted Accelerometers. Med. Sci. Sports Exerc. 2016, 48, 245–253. [CrossRef]

28. Crouter, S.E.; Flynn, J.I.; Bassett, D.R., Jr. Estimating physical activity in youth using a wrist accelerometer. Med. Sci. Sports Exerc.
2015, 47, 944–951. [CrossRef] [PubMed]

29. Chen, K.Y.; Bassett, D.R. The technology of accelerometry-based activity monitors: Current and future. Med. Sci. Sports Exerc.
2005, 37, S490–S500. [CrossRef] [PubMed]

30. Kim, Y.; Hibbing, P.; Saint-Maurice, P.F.; Ellingson, L.D.; Hennessy, E.; Wolff-Hughes, D.L.; Perna, F.M.; Welk, G.J. Surveillance
of Youth Physical Activity and Sedentary Behavior with Wrist Accelerometry. Am. J. Prev. Med. 2017, 52, 872–879. [CrossRef]
[PubMed]

31. Arteaga, D.; Donnelly, T.; Crum, K.; Markham, L.; Killian, M.; Burnette, W.B.; Soslow, J.; Buchowski, M.S. Assessing Physical
Activity Using Accelerometers in Youth with Duchenne Muscular Dystrophy. J. Neuromuscul. Dis. 2020, 7, 331–342. [CrossRef]
[PubMed]

32. Hulst, R.Y.; Gorter, J.W.; Obeid, J.; Voorman, J.M.; van Rijssen, I.M.; Gerritsen, A.; Visser-Meily, J.M.A.; Pillen, S.; Verschuren, O.
Accelerometer-measured physical activity, sedentary behavior, and sleep in children with cerebral palsy and their adherence to
the 24-hour activity guidelines. Dev. Med. Child Neurol. 2022. ahead of print. [CrossRef]

33. Choi, L.; Liu, Z.; Matthews, C.E.; Buchowski, M.S. Validation of accelerometer wear and nonwear time classification algorithm.
Med. Sci. Sport Exerc. 2011, 43, 357–364. [CrossRef] [PubMed]

34. Ruch, N.; Rumo, M.; Mader, U. Recognition of activities in children by two uniaxial accelerometers in free-living conditions. Eur.
J. Appl. Physiol. 2011, 111, 1917–1927. [CrossRef] [PubMed]

35. Howie, E.K.; Brown, W.H.; Dowda, M.; McIver, K.L.; Pate, R.R. Physical activity behaviours of highly active preschoolers.
Pediatric. Obes. 2013, 8, 142–149. [CrossRef]

36. Gao, Z.; Podlog, L.; Huang, C. Associations among children's situational motivation, physical activity participation, and
enjoyment in an active dance video game. J. Sport. Health Sci. 2013, 2, 122–128. [CrossRef]

37. Lyden, K.; Keadle, S.K.; Staudenmayer, J.; Freedson, P.; Alhassan, S. Energy cost of common activities in children and adolescents.
J. Phys. Act. Health 2013, 10, 62–69. [CrossRef] [PubMed]

38. Atkinson, J.L.; Sallis, J.F.; Saelens, B.E.; Cain, K.L.; Black, J.B. The association of neighborhood design and recreational environ-
ments with physical activity. Am. J. Health Promot. 2005, 19, 304–309. [CrossRef] [PubMed]

39. Ward, J.A.; Richardson, D.; Orgs, G.; Hunter, K.; Hamilton, A. Sensing interpersonal synchrony between actors and autistic
children in theatre using wrist-worn accelerometers. In Proceedings of the 2018 ACM International Symposium on Wearable
Computers, Singapore, 8–12 October 2018; pp. 148–155.

40. Hickerson, B.D.; Henderson, K.A. Opportunities for promoting youth physical activity: An examination of youth summer camps.
J. Phys. Act. Health 2014, 11, 199–205. [CrossRef]

41. Jago, R.; Baranowski, T. Non-curricular approaches for increasing physical activity in youth: A review. Prev. Med. 2004, 39,
157–163. [CrossRef]

42. Leung, W.; Siebert, E.A.; Yun, J. Measuring physical activity with accelerometers for individuals with intellectual disability: A
systematic review. Res. Dev. Disabil. 2017, 67, 60–70. [CrossRef] [PubMed]

43. Marin Ginnis, K.A.; van der Ploeg, H.P.; Foster, C.; Lai, B.; McBride, C.B.; Ng, K.; Pratt, M.P.; Shirazipour, C.H.; Smith, B.; Vazquez,
P.M.; et al. Participation of people living with disabilities in physical activity: A global perspective. Lancet 2021, 398, 443–455.
[CrossRef] [PubMed]

44. Khursid, S.; Weng, L.-C.; Nauffal, V.; Pirruccello, J.P.; Venn, R.A.; Al-Alusi, M.A.; Benjamin, E.J.; Ellinor, P.T.; Lubitz, S.A. Wearable
accelerometer-derived physical activity and incident disease. NPJ Digit. Med. 2022, 5, 131. [CrossRef]

45. Ekkekakis, P.; Hall, E.E.; Petruzzello, S.J. Variation and homogeneity in affective responses to physical activity of varying
intensities: An alternative perspective on dose–response based on evolutionary considerations. J. Sports Sci. 2005, 23, 477–500.
[CrossRef] [PubMed]

46. Richard, M.; Christina, M.F.; Deborah, L.S.; Rubio, N.; Kennon, M.S. Intrinsic motivation and exercise adherence. Int. J. Sport
Exerc. Psychol. 1997, 28, 335–354.

47. McConnell, S.R. Interventions to facilitate social interaction for young children with autism: Review of available research and
recommendations for educational intervention and future research. J. Autism. Dev. Disord. 2002, 32, 351–372. [CrossRef]

48. Morrison, R.S.; Sainato, D.M.; Benchaaban, D.; Endo, S. Increasing play skills of children with autism using activity schedules
and correspondence training. J. Early Interv. 2002, 25, 58–72. [CrossRef]

49. Wolery, M.; Wilbers, J.S. (Eds.) Including Children with Special Needs in Early Childhood Programs: Research Monograph of the National
Association for the Education of Young Children; National Association for the Education of Young Children: Washington, DC, USA,
1994; Volume 6.

50. Rimmer, J.A.; Rowland, J.L. Physical activity for youth with disabilities: A critical need in an underserved population. Dev.
Neurorehabil. 2008, 11, 141–148. [CrossRef] [PubMed]

51. Pan, C.Y.; Liu, C.W.; Chung, I.C.; Hsu, P.J. Physical activity levels of adolescents with and without intellectual disabilities during
physical education and recess. Res. Dev. Disabil. 2014, 36, 579–586. [CrossRef]

52. Ridgers, N.D.; Salmon, J.; Parrish, A.M.; Stanley, R.M.; Okely, A.D. Physical activity during school recess: A systematic review.
Am. J. Prev. Med. 2012, 43, 320–328. [CrossRef] [PubMed]

http://doi.org/10.1249/MSS.0000000000000771
http://doi.org/10.1249/MSS.0000000000000502
http://www.ncbi.nlm.nih.gov/pubmed/25207928
http://doi.org/10.1249/01.mss.0000185571.49104.82
http://www.ncbi.nlm.nih.gov/pubmed/16294112
http://doi.org/10.1016/j.amepre.2017.01.012
http://www.ncbi.nlm.nih.gov/pubmed/28526364
http://doi.org/10.3233/JND-200478
http://www.ncbi.nlm.nih.gov/pubmed/32417792
http://doi.org/10.1111/dmcn.15338
http://doi.org/10.1249/MSS.0b013e3181ed61a3
http://www.ncbi.nlm.nih.gov/pubmed/20581716
http://doi.org/10.1007/s00421-011-1828-0
http://www.ncbi.nlm.nih.gov/pubmed/21249388
http://doi.org/10.1111/j.2047-6310.2012.00099.x
http://doi.org/10.1016/j.jshs.2012.07.001
http://doi.org/10.1123/jpah.10.1.62
http://www.ncbi.nlm.nih.gov/pubmed/22398418
http://doi.org/10.4278/0890-1171-19.4.304
http://www.ncbi.nlm.nih.gov/pubmed/15768925
http://doi.org/10.1123/jpah.2011-0263
http://doi.org/10.1016/j.ypmed.2004.01.014
http://doi.org/10.1016/j.ridd.2017.06.001
http://www.ncbi.nlm.nih.gov/pubmed/28645026
http://doi.org/10.1016/S0140-6736(21)01164-8
http://www.ncbi.nlm.nih.gov/pubmed/34302764
http://doi.org/10.1038/s41746-022-00676-9
http://doi.org/10.1080/02640410400021492
http://www.ncbi.nlm.nih.gov/pubmed/16194996
http://doi.org/10.1023/A:1020537805154
http://doi.org/10.1177/105381510202500106
http://doi.org/10.1080/17518420701688649
http://www.ncbi.nlm.nih.gov/pubmed/18415819
http://doi.org/10.1016/j.ridd.2014.10.042
http://doi.org/10.1016/j.amepre.2012.05.019
http://www.ncbi.nlm.nih.gov/pubmed/22898126


Disabilities 2022, 2 777

53. Sit, C.H.; McKenzie, T.L.; Cerin, E.; Chow, B.C.; Huang, W.Y.; Yu, J. Physical Activity and Sedentary Time among Children with
Disabilities at School. Med. Sci. Sports Exerc. 2017, 49, 292–297. [CrossRef] [PubMed]

54. Pate, R.R.; Dowda, M.; Brown, W.H.; Mitchell, J.; Addy, C. Physical activity in preschool children with the transition to outdoors.
J. Phys. Act. Health 2013, 10, 170–175. [CrossRef] [PubMed]

55. Pan, C.Y.; Frey, G.C. Physical activity patterns in youth with autism spectrum disorders. J. Autism Dev. Disord. 2006, 36, 597–606.
[CrossRef] [PubMed]

56. Tudor-Locke, C.; Barreira, T.V.; Schuna, J.M. Comparison of step outputs for waist and wrist accelerometer attachment sites. Med.
Sci. Sports Exerc. 2015, 47, 839–842. [CrossRef]

57. Hildebrand, M.; van Hees, V.T.; Hansen, B.H.; Ekelund, U. Age group comparability of raw accelerometer output from wrist- and
hip-worn monitors. Med. Sci. Sports Exerc. 2014, 46, 1816–1824. [CrossRef] [PubMed]

58. Rosenberger, M.E.; Haskell, W.L.; Albinali, F.; Mota, S.; Nawyn, J.; Intille, S. Estimating activity and sedentary behavior from an
accelerometer on the hip or wrist. Med. Sci. Sports Exerc. 2013, 45, 964–975. [CrossRef]

59. Butte, N.F.; Watson, K.B.; Ridley, K.; Zakeri, I.F.; Mcmurray, R.G.; Pfeiffer, K.A.; Berhane, Z. A youth compendium of physical
activities: Activity codes and metabolic intensities. Med. Sci. Sports Exerc. 2018, 50, 246–256. [CrossRef]

60. Haley, L.; McKay, E.A. ‘Baking gives you confidence’: Users' views of engaging in the occupation of baking. Br. J. Occup. Ther.
2004, 67, 125–128. [CrossRef]

61. Thompson, W.R. Worldwide survey of fitness trends for 2021. ACSMs Health Fit. J. 2020, 24, 10–18. [CrossRef]

http://doi.org/10.1249/MSS.0000000000001097
http://www.ncbi.nlm.nih.gov/pubmed/28092643
http://doi.org/10.1123/jpah.10.2.170
http://www.ncbi.nlm.nih.gov/pubmed/22820709
http://doi.org/10.1007/s10803-006-0101-6
http://www.ncbi.nlm.nih.gov/pubmed/16652237
http://doi.org/10.1249/MSS.0000000000000476
http://doi.org/10.1249/MSS.0000000000000289
http://www.ncbi.nlm.nih.gov/pubmed/24887173
http://doi.org/10.1249/MSS.0b013e31827f0d9c
http://doi.org/10.1249/MSS.0000000000001430
http://doi.org/10.1177/030802260406700305
http://doi.org/10.1249/FIT.0000000000000631

	Introduction 
	Materials and Methods 
	Study Participants 
	Study Design 
	Accelerometry 
	Data Analysis 


	Results 
	Discussion 
	Conclusions 
	References

