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ABSTRACT
This dissertation consists of two studies pertaining to comprehensive school
physical activity programs (CSPAP) that function in tandem to advance the knowledge
base. The lack of an empirical basis for moving forward with CSPAP efforts and the lack
of objective measures of CSPAP implementation are intertwined limitations currently
stemming the potential for wide scale program adoption.
The purpose of Study 1 was to conduct a systematic review and meta-analysis of
multi-component PA interventions through schools that could be mapped onto at least
two components of the CSPAP model. Electronic databases were searched to identify
published studies that (1) occurred in the US; (2) targeted K-12; (3) were interventions;
(4) reflected ≥2 CSPAP components, with at least one targeting school-based PA during
school hours; and (5) reported outcomes as improvements in daily PA. Standardized
mean effects (Hedge’s g) from pooled random effects inverse-variance models were
estimated. The overall impact of interventions was small (0.11, 95CI 0.03 to 0.19) with
more CSPAP components related to increased effectiveness (effect size of 0.06, 0.19, and
0.29 corresponding with 2, 3, and 4 components, respectively). Studies employing
objective measures of PA (n=3) resulted in smaller effects (0.02 vs. 0.12) than those
using self-report (n=14). Studies including PADSD (0.19 vs. 0.07) and SW (0.21 vs.
0.09) were associated with a larger effect size than interventions not including these
components. As designed, there is limited evidence of the effectiveness of multi-
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component interventions to increase youth total daily PA. Results suggest that taking a
multi-component approach to increasing youth PA is an appropriate path, but strategies
within and across components may need to be reconsidered for maximal impact.
The purpose of Study 2 was to describe instrument development, reliability, and
validity of the System for Observing Student Movement during Academic Routines and
Transitions (SOSMART). An extensive literature review and Delphi survey were used in
developing an a priori framework to guide live observations of purposefully selected
classroom teachers. Examples of movement integration (MI) were considered in light of
the initial framework and expanded and/or refined as needed. Reliability was tested
using intra and interobserver percent agreement. Two validity procedures were used in
this study. The Delphi survey was used to further examine content validity, and
multilevel random effects logistical regression models were estimated for each of the MI
variables to test construct validity of the instrument by examining the presence/absence
of teacher MI compared with students’ activity and/or sedentary behaviors as measured
with accelerometers.
Intraobserver agreement across two weeks resulted in 97.5% agreement and
interobserver agreement exceeded 80% in live and video reliability testing. Results
support the hypothesis that a student was more likely to be in activity when MI variables
were present in the same minute with 8 out of 11 variables achieving statistical
significance. Three MI variables were not sufficiently observed (i.e. reward, other
movement (academic), physical environment); therefore, reliability and construct validity
was not calculated for these variables. Continued use of SOSMART is needed to further
validate these variables. Future research utilizing SOSMART can provide descriptive
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information about the extent of MI in classrooms, which MI strategies may be more or
less effective in certain contexts, and explore reasons for any differences in activity
outcomes as a result of MI. This information can also be used to create a national
benchmark for MI in the classroom and potentially influence the practice of teacher
evaluations by administrators.
Together, these studies contribute to the foundational knowledge for CSPAP
research and have potential to impact policy and practice decisions in pre-service teacher
education, in-service teacher development, and future PA research.
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CHAPTER 1
INTRODUCTION
This dissertation consists of two studies pertaining to Comprehensive School
Physical Activity Programs (CSPAP). The purpose of this chapter is to provide the reader
with a brief overview of the need for these studies and how they can function in tandem
to advance the knowledge base. Specifically, the chapter identifies the lack of an
empirical basis for moving forward with CSPAP efforts and the lack of objective
measures of CSPAP implementation as intertwined limitations currently stemming the
potential for wide scale program adoption. The chapter concludes with the purpose of
each study.
Background
There exists a plethora of research illustrating the importance of PA for children
(Centers for Disease Control and Prevention [CDC], 2013; CDC, 2010; Institute of
Medicine [IOM], 2013). Benefits of PA range from decreasing anxiety and/or depression
and the level of physical health risk factors (i.e. Type 2 diabetes) to increasing selfesteem, academic performance, and physical health performance (i.e. muscle and bone
strength) (CDC, 2010; CDC, 2013; McKenzie & Kahan, 2008), providing evidence that
PA is important to the physical and mental health of children (IOM, 2013).
Unfortunately, America’s youth are not meeting the national recommendation for 60
minutes or more of moderate- to vigorous-PA each day (CDC, 2013; United States
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Department of Health and Human Services [USDHHS], 2008). There is growing concern
that children are becoming more sedentary, thereby indicating that reducing sedentary
time may be just as important as efforts to increase PA (IOM, 2013).
Since children are in schools for the majority of their waking hours during
the week (CDC, 2013; IOM, 2013; National Physical Activity Plan, 2012), it is no
surprise that schools have been identified as a key setting to intervene.
Recommendations for a “whole-of-school” approach include implementing CSPAPs
(CDC, 2013; IOM, 2013). Unfortunately, school-based efforts, when considered in their
entirety, have been minimally effective (Russ, L., Webster, C., Beets, M., & Phillips, D.,
2015). A lack of empirical evidence of CSPAP effectiveness has hampered progress of
program adoption. Moreover, CSPAP efforts have lacked objective measures of
implementation, thereby not providing empirical evidence to advance the knowledge base
informing CSPAP efforts.
Limited Empirical Basis for CSPAP
While many interventions through schools target youth PA with minimal impact
(Metcalf, Wilkin, & Henry, 2012; van Sluijs, McMinn, & Griffin, 2007), little is known
about the effectiveness of multi-component PA interventions through schools, reflecting
the recommended whole-of-school approach. For example, in a review of 33 controlled
trials targeting children’s PA, 10 studies were categorized as multi-component and
collectively yielded inconclusive results of effectiveness (van Sluijs et al., 2007). A more
recent review of children’s PA intervention effectiveness examined 30 studies that were
school-based or home/family based but did not pay specific attention to multiple
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components of an intervention working synergistically (Metcalf et al., 2012). No
empirical evidence exists documenting the effectiveness of multi-component PA
interventions through schools in alignment with CSPAPs; yet implementing CSPAPs is
presently recommended by leading national organizations (CDC, 2013; IOM, 2013;
National Association of Sport and Physical Education [NASPE], 2013).
Lack of Objective Measures of CSPAP Implementation
At the state and national level, teachers have provided survey responses about the
extent to which they are providing opportunities for students to be physically active
(American Alliance for Health, Physical Education, Recreation, and Dance [AAHPERD],
2011; Elmakis, 2010). Despite using multiple data sources, none of them included
objective measures of implementation. Empirical evidence documenting the
effectiveness of CSPAPs is needed to provide support for pursuing this approach as a
viable path for impacting youth PA. However, there is a lack of objective measurements
within and across CSPAP components to provide such evidence. In order to describe and
evaluate the impact of CSPAPs, component-specific objective measures of
implementation are needed. One such component is PA during the school day.
Providing opportunities for students to be active during the school day places
classroom teachers in the spotlight because they have students in their care for the
majority of the school day. In addition, PA can occur in a variety of settings during the
school day, including lunch, recess, and the academic classroom-all of which involve the
classroom teacher. Thus, it is not surprising that movement integration (MI) is a strategy
recommended to classroom teachers for helping students accrue minutes of activity
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(IOM, 2013; Webster, Russ, Vazou, Goh, & Erwin, 2015). Unfortunately, the extent to
which teachers are implementing movement integration (MI) is limited to self-reports
(Bartholomew & Jowers, 2011; Cradock et al., 2014; Gibson et al., 2008; Howie,
Newman-Norland, & Pate, 2014; Kohl, Moore, Sutton, Kibbe, & Schneider, 2001; Kibbe
et al., 2011; Skrade, 2013; Stewart, Dennison, Kohl, & Doyle, 2004; Webster et al., 2013;
Williamson et al., 2007; Woods, 2011). At least part of the explanation for such reliance
on self-reports can be explained by the lack of an objective measurement tool designed to
capture MI.
The limited presence of evidence is entangled with the issue of lacking objective
measurements capable of providing such data. The related nature of these two issues
means progress toward one (e.g. providing empirical evidence) is thwarted until
advancements are made toward the other (e.g. creating objective instrumentation to
measure CSPAP implementation). Empirical evidence cannot be provided without
objective measurement tools. Research providing empirical evidence of CSPAP
outcomes can strengthen the perspective that CSPAPs are an effective avenue to helping
students meet PA recommendations; thus, creating a justification for continuing to pursue
these programs. However, trying to document such evidence solely with self-reported
data is not sufficient. Objective measures of component-specific implementation will
provide stronger evidence about the strengths and limitations of each component.
Together, these studies serve to contribute to the knowledge base serving as a foundation
for CSPAP research and have potential to impact policy and practice decisions in
preservice teacher education, inservice teacher development, and future PA research.
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Therefore, the following studies function in tandem to address these two issues
thereby collectively advancing the knowledge base needed for evaluating CSPAP
effectiveness.
Purpose of the Studies
The purpose of Study 1 was to conduct a systematic review and meta-analysis of
multi-component PA interventions through schools that could be mapped onto at least
two components of the CSPAP model. Specific research questions this study addressed
were:


To what extent are multi-component PA interventions through schools
effective?



To what extent does the effect vary across the number of CSPAP components
targeted?



Which CSPAP components are associated with a greater effect size?

The purpose of Study 2 was to describe the instrument development, reliability,
and validity of a System for Observing Student Movement During Academic Routines
and Transitions (SOMART). Specific research questions this study addressed were:


What types of physical activity promotion strategies are being utilized by
teachers in elementary general education classrooms?



What coding scheme can be developed to measure the items above?



To what extent is SOSMART a valid measure of physical activity promotion
and able to be used reliably?
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These two studies are related in that they each address a limitation currently
stunting the progress and impact of CSPAP research.
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CHAPTER 2
LITERATURE REVIEW
The purpose of this chapter is to provide the reader with an extended perspective
of the literature informing the second study presented in this dissertation. A review of
literature for the first study is excluded from this chapter, as the first study is itself a
systematic review. The chapter is organized into the following sections: (a) importance of
increasing PA and decreasing sedentarism in children, (b) schools as an important setting
for intervention, (c) classroom movement integration as a key recommended strategy, and
(d) the need for objective measures of classroom movement integration.
Importance of Increasing Physical Activity and Decreasing Sedentarism in Children
Physical activity (PA) is well documented as important and beneficial for children
in many ways (CDC, 2013; CDC, 2010; IOM, 2013). Increasing PA is associated with
improved health through reducing risk factors for diseases like obesity, Type 2 diabetes,
and cardiovascular disease (CDC, 2013; McKenzie & Kahan, 2008). Being active is also
associated with improvements to muscular strength, bone strength, self-esteem, and lower
levels of anxiety and/or depression (CDC, 2013), thereby demonstrating the importance
of PA to the mental and physical health of children (IOM, 2013). Further, increased
amounts of PA during school have been associated with improved academic performance
of children (CDC, 2010). For example, an extensive review of literature conducted by
the CDC (2010) found the majority of studies on PA provided evidence in support of a
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positive association between PA and academic achievement, skills, and behaviors. In
addition to the potential of improving student academic performance, the report
confirmed that increasing opportunities for students to be physically active in schools will
not result in declining academic performance.
The U.S. Department of Health and Human Services (2008) recommends
America’s youth (6+ years old) engage in 60 minutes or more of moderate- to vigorousintensity PA every day. Not only are children not meeting this recommendation (CDC,
2013; USDHHS, 2008), but they are also engaging in sedentary behaviors in their
classrooms, which is where they spend up to 9 hours each school day (CDC, 2013).
While increasing opportunities for PA is important, reducing sedentary time may be
equally important (IOM, 2013).
Due to the variability in definitions for sedentarism, the Institute of Medicine
(2013) describes sedentary behavior in terms of what it is not. Sedentary behavior is
when an individual is not engaged in sleeping, light-, moderate-, or vigorous-intensity
activity. Sedentary behaviors may further be classified into two categories: recreational
(e.g., “screen time” such as watching television or reading for pleasure) or nonrecreational (e.g., schoolwork or other sedentary daily tasks such as eating or driving to
work). The concern that children are increasingly sedentary (IOM, 2013) is reflected in
research that has used interventions designed to target and reduce sedentary behaviors of
children and youth (Gortmaker et al., 1999; Robinson, 1999; Salmon et al., 2005). With
evidence suggesting children’s health may be negatively affected through accumulated
sedentary behaviors despite their engagement in PA (Biddle, Gorley, & Stensel, 2004;
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Dietz, 2001; Salmon, 2010), it is important to decrease the amount of sedentary
opportunities children have during the day.
Schools as an Important Setting for Intervention
One approach is to find ways to change non-recreational sedentarism during the
school day. Many interventions targeting increases in PA or decreases in sedentary
behaviors of children have taken place in schools (Russ, Webster, Beets, & Phillips,
2015; van Sluijs et al., 2007). Schools are a unique and promising setting to help
children meet PA guidelines (CDC, 2013; IOM, 2013; National Physical Activity Plan,
2012; Pate et al., 2006; USDHHS, 2012) and have historically played a role in children’s
health. Schools have access to most children regardless of race, ethnicity, or
socioeconomic status for most waking hours on weekdays, and can improve academic
performance through PA (CDC, 2013; IOM, 2013; National Physical Activity Plan,
2012) making them a unique setting to target children’s PA levels. Recommendations
for helping children increase PA and decrease non-recreational sedentarism include
utilizing a school-wide multi-component approach (CDC, 2013; IOM, 2013).
This “whole-of-school” approach is defined as “all of a school’s components and
resources operat[ing] in a coordinated and dynamic manner to provide access,
encouragement, and programs that enable all students to engage in vigorous- or
moderate-intensity physical activity 60 minutes or more each day” (IOM, 2013, p. 367).
An example of this coordinated approach is a Comprehensive School Physical Activity
Program (CSPAP). Distinct components of a CSPAP include 1) quality physical
education, 2) PA during the school day, 3) PA before or after school, 4) staff
involvement, and 5) family and community engagement (CDC, 2013). With access to
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children, facilities, equipment, and staff, schools have the foundation already in place to
facilitate a school-wide approach to PA promotion. Unfortunately, an overwhelming
amount of schools do not provide students with enough opportunities to be physically
active (CDC, 2013; Lee, Burgeson, Fulton, & Spain, 2007). Moreover, as students spend
greater amounts of time away from home and in schools, it is increasingly urgent to
maximize the potential of each school component to create opportunities for students to
be active (Sturm, 2005).
Classroom Movement Integration as a Key Recommended Strategy
The academic classroom is a setting with potential to integrate movement
opportunities for students because elementary students spend most of their day in the
academic classroom with their teacher (Kohl et al., 2001; IOM, 2013). This means
classroom teachers have access to students during the school day that other faculty and
staff (i.e., PE teachers) do not have. Thus, the academic classroom is a setting in schools
with potential to be an effective component in a whole-of-school approach to PA
(Pangrazi, Beighle, Vehige, & Vack, …2003; Stewart et al., 2004) and help students meet
PA recommendations (Bartholomew & Jowers, 2011).
Classroom-based PA “includes all activity regardless of intensity performed in the
classroom during normal classroom time” (IOM, 2013, p. 266). This includes movement
integration during academic lessons, movement used as breaks between lessons, and even
movement in special area subjects (e.g., Art). This definition does not include activity
during physical education (PE), recess, or lunch breaks.

Not only is there empirical

evidence showing classroom-based PA can facilitate contributions to student PA
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(Bartholomew & Jowers, 2011; Beighle, Erwin, Beets, Morgan, & Le Masurier, 2010;
Erwin, Beighle, Morgan, & Noland, 2011; Holt, Bartee, & Heelan, 2012; Mahar et al.,
2006), but also that these contributions account for up to 19 minutes of the national
recommendation for 60 minutes or more of moderate- to vigorous-intensity PA (Bassett
et al., 2013). Other positive results from classroom-based PA include decreasing
sedentarism (Gortmaker et. al, 1999; Robinson, 1999; Salmon et al., 2005; Salmon,
2010), improving on-task behavior (Grieco, Jowers, & Bartholomew, 2009; Howie, 2013;
Mahar et al., 2006; Mahar, 2011), positive affect (Howie et al., 2014), and cognitive
function (Donnelly & Lambourne, 2011; Elmakis, 2010; Howie et al., 2014). With
increasing pressure for performance on high stakes testing, classroom-based PA offers
teachers a way to enhance student achievement, contribute to meeting national PA
recommendations, and reduce non-recreational sedentarism without compromising
academic performance (CDC, 2013; IOM, 2013). Despite these benefits, little is known
about the extent to which classroom-based PA, or movement integration, occurs.
The Need for Objective Measures of Classroom Movement Integration
Objective measurements of movement integration in the classroom are needed for
several reasons. First, objective measurements can provide empirical evidence of the
frequency and variety of MI, thus contributing to a descriptive knowledge base. Second,
objective measurements can document fidelity of implementation in intervention settings.
Third, objective measurements can create a common way to communicate about MI,
through creating and utilizing working definitions for MI behaviors that can be used to
prepare preservice teachers, inservice professionals, and inform future research using a
whole-of-school approach to increasing students’ PA and/or decreasing sedentarism. The
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following section provides support for the need to have objective measurements of
classroom movement integration and is organized into the following subsections: a)
descriptive-analytic research, b) implementation fidelity, c) variables related to MI
implementation, and d) contributions of systematic observation.
Descriptive-analytic data. An extensive literature search yielded a paucity of
research on MI. There is a lack of descriptive research on MI in these settings resulting
in limited knowledge about what transpires in the academic classroom. That there is a
wide-scale problem with the current status of opportunities to be active or sedentary in
the academic classroom is simply not documented.
Only two surveys provided any descriptive information about the nature and/or
extent of MI in the absence of policy (Elmakis, 2010; AAHPERD, 2011). A graduate
student at the College of William and Mary surveyed CTs across the state of Virginia to
find out the extent to which PA was incorporated into classrooms (Elmakis, 2010). Using
an unpublished survey instrument developed for the study (Physical Activity in the
Classroom), 393 elementary school teachers responded to questions asking how many
minutes they spent devoted to PA in their academic lessons (outside of recess and
physical education), which content areas they used the most to incorporate PA, and if
they were likely to incorporate more PA during the school day. Results indicated low
levels of PA incorporated into academic lessons with math and science as the academic
content used most often. Despite the small extent to which teachers self-reported MI,
results also indicated teachers expressed willingness to do more if provided with various
supports.
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In another survey, the American Alliance for Health, Physical Education,
Recreation, and Dance (AAHPERD) canvassed the nation to better understand the extent
to which US schools are providing PA opportunities for students aligned with the CSPAP
model (AAHPERD, 2011). The baseline data from the results indicated around half of
the elementary schools integrated PA between lessons, and less than half of the
elementary schools reported promoting PA within academic lessons or at the beginning
of the school day.
These studies provide limited information about the extent of MI, do not provide a
clear and objective picture of MI, and do not provide substantial documentation of what
is taking place in the academic classroom. While the knowledge gleaned about the extent
and nature of MI from research is scarce, it is also reliant on self-reported data.
Implementation fidelity. Classroom-based PA may not always be implemented
as designed. Measuring implementation of interventions is important because it permits
progress monitoring and identifies areas in need of revision or removal (McGraw et al.,
2000). McGraw and colleagues (2000) conceptualize implementation measurements of
programs and policies promoting PA as either quantitative (reflecting completeness) or
qualitative (fidelity), and describe how teacher self-reports may result in overestimating
actual implementation rates. Since self-reported teacher implementation rates may
impact the calculated effectiveness of classroom-based PA interventions (Bartholomew
& Jowers, 2011; Donnelly et al., 2009), it is critical to have accurate information on the
fidelity of MI implementation.
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Existing data on fidelity of MI in intervention settings has relied almost solely on
self-report. For example, in a review of Take10! interventions that occurred over a 10
year period, including 19 instances of implementation, not a single objective
measurement was utilized to evaluate implementation fidelity (Kibbe et al., 2011).
Commonly used self-reports included weekly PA logs (Cradock et al., 2014; Naylor,
Macdonld, Zebedee, Reed, & McKay, 2006; Skrade, 2013; Stewart et al., 2004; Woods,
2011), teacher surveys (Cradock et al., 2014; Dubose et al., 2008; Holt et al., 2013;
Naylor et al., 2006; Williamson, 2007), and teacher focus groups (Gibson et al., 2008;
Howie et al., 2014; Naylor et al., 2006). Even recommendations for monitoring
intervention implementation fidelity have centered on teacher and student self-reports
(i.e., completing daily logs on activity type and duration) (Erwin et al., 2011). Selfreports do provide us with one perspective; however, they typically do not provide the
most accurate data. When compared to direct measures of PA, self-report measures can
result in both overestimations and underestimations of PA (Prince et al., 2008).
Variables related to MI implementation. In their mediating variable
framework, Baranowski and Jago (2005) suggest there are many factors that can impact a
teacher’s implementation of a new program. At any number of points in time during the
implementation processes, teachers face different barriers to implementation. For
example, Gibson and colleagues (2008) were able to identify barriers to implementation
reported by the teachers (e.g., needing lessons that could be used in small classrooms,
less “babyish” lessons, and time constraints) which suggests that not monitoring
implementation could have resulted in different effects due to the impact of barriers and
other factors that can affect implementation. Thus, monitoring implementation and
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giving consideration to variables related to MI implementation can identify potential
areas of weakness and is therefore critical.
Teacher training. If CTs are to be expected to implement MI strategies, in
intervention or non-intervention settings, they must receive training on the methods and
procedures required. The most common type of training documented in the literature was
in-service or professional development days (Bartholomew & Jowers, 2011; Cradock et
al., 2014; DuBose et al., 2008; Dunn, Venturanza, Walsh, & Nonas, 2010; Erwin et al.,
2011; Holt et al., 2013; Mahar, et al., 2006; Naylor et al., 2006; Stewart et al., 2004;
Woods, 2011) ranging in duration from 30 minute sessions to all day. A few studies
offered ongoing training (Cothran, Kulinna, & Garn, 2010; DuBose et al., 2008), and two
different studies offered additional support via telephone or booster sessions (Naylor et
al., 2006; Woods, 2011). There were two cases where CTs were not explicitly trained.
For example, Skrade (2013) describes orienting CTs to Move-For-Thought (M4T) by
simply giving the materials to teachers to take home and read. The other case involves
incidental MI, PA not explicitly directed by the teacher, where CTs were encouraged to
use the exercise balls themselves in addition to receiving a resource booklet with
activities incorporating the exercise balls; however, no explicit training was required
because the nature of the intervention, by design, was not teacher directed (Janulewicz,
2008).
The training sessions varied in the presence of hands-on activities or participation
(Bartholomew & Jowers, 2011; Cothran et al., 2010; Dunn et al., 2010; Erwin et al.,
2011; Holt et al., 2013; Mahar et al., 2006; Stewart et al., 2004; Woods, 2011), tangible
resources provided (e.g., equipment, lesson plans, or activity books) (Bartholomew &
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Jowers, 2011; Cradock et al., 2014; DuBose et al., 2008; Dunn et al., 2010; Holt et al.,
2013; Mahar et al., 2006; Naylor et al., 2006; Stewart et al., 2004), and opportunities for
collaboration (Bartholomew & Jowers, 2011; Cothran et al., 2010; Dunn et al., 2010;
Erwin et al., 2011); however, the main focus was typically on deliberate MI through
exercise breaks or integrating movement into academic content. No trainings described
any strategies focused on incidental MI.
Policy. Promotion of PA can be targeted through policy mandates. As such, the
presence or absence of policy may be a factor linked to rates of implementation. Are
teachers more likely to integrate movement if there is a policy in place? Three studies
examined the extent to which CTs adopted or implemented MI in relation to state or
district policies (Evenson, Ballard, Lee, & Ammerman, 2009; Holt et al., 2013; Webster
et al., 2013). In North Carolina, of 106 responding school districts, 45% of elementary
schools reported using a pre-packaged program (i.e. 34% used Energizers and less than
11% used Take 10!) for classroom-based PA (Evenson et al., 2009). Teachers from four
elementary schools in a rural district in Nebraska reported the number of days they met
the mandate of 20 minutes of PA daily. Over the course of the academic year, teachers
promoting PA declined from 40% of teachers reporting they met the policy requirement
in September to only 4% in February of the same academic year (Holt et al., 2013).
Finally, in South Carolina, 201 elementary CTs were surveyed about MI through a six
item questionnaire assessing the frequency of PA promotion behaviors aligned with
current recommendations (Webster et al., 2013). Results revealed a mean score of 2.11
on a 5-point scale (0=Never, 5=Very Often) suggesting elementary classroom teachers
only “sometimes” promoted PA in the classroom.
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Physical space. Barriers such as physical space constraints or large class sizes
(Gibson et al., 2008; Goh et al., 2013) are contextual factors that may influence MI
implementation and are likely to be directly observed. Therefore, physical space
constraints may warrant consideration from an observation instrument development
perspective. Overall, the knowledge base does not document many facilitators and/or
barriers to MI that are directly observable.
We not only have little knowledge about MI in the literature, but we also have
little understanding of what observable facilitators and/or barriers exist to MI, as well as
how they function. Part of the reason we have limited knowledge about the extent to
which teachers integrate movement in the classroom, independent of any of these factors
that may affect implementation, is because we lack empirical evidence of MI behaviors
obtained through direct observation. Moreover, operational definitions of MI behaviors
are needed to facilitate teacher education, teacher professional development, and future
research.
Systematic observation. Systematic observation is defined by Darst, Mancini,
and Zakrajsek (as quoted in van der Mars, 1989) as “a trained person following stated
guidelines and procedures to observe, record, and analyze interactions with the assurance
that others viewing the same sequence of events would agree with his [or her] recorded
data” (p. 6). Systematic observation is a proven method of capturing contextual and
behavioral variables that are useful in operationally defining, advancing, and evaluating
best practices in teaching (Flanders, 1970; Flanders, 1976; van der Mars, 1989) and PA
promotion in a number of settings, such as physical education (McKenzie, Sallis, &
Nader, 1992), afterschool programs (Weaver, Beets, Webster, & Huberty, 2014), and
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preschools (Brown et al., 2006). An advantage of focusing only on events or behaviors
that can be directly observed is the data are believed to be a more accurate account than
self-reports. The purpose is to provide a permanent record of events or activities that
occurred to be analyzed at a future time and is typically used in research and supervision
(van der Mars, 1989). CTs’ deliberate and incidental use of MI have not been objectively
quantified through systematic observation. An instrument designed to systematically
observe MI can be used to provide empirical evidence of what transpires in the academic
classroom, measure implementation fidelity, and yield information needed to enhance
future recommendations for preserve teacher education, inservice teacher training, and
the development of classroom-based movement integration interventions. This
information will extend the descriptive knowledge base needed to inform policy
decisions and program evaluation in the context of school-wide efforts to promote
children’s daily PA. The steps in conducting systematic observation include deciding
what behavior(s) to observe, defining the behavior(s), selecting or creating an appropriate
instrument to measure the behavior(s), establishing observer reliability, conducting
observations, and summarizing and interpreting the data. The principal recording
strategies utilized in systematic observations are event, duration, or interval recording, or
momentary time sampling (van der Mars, 1989b).
Event recording is typically appropriate for discrete behaviors or events that may
happen repeatedly and yields data on frequency of occurrence. Duration recording is
appropriate for examining a few discrete behaviors that are not likely to change often and
provides data on temporal aspects of the observation. Common measurement units for
duration recording are minutes and seconds. Interval recording involves reporting the
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presence or absence of an event or behavior during a predetermined period of time, or
interval. Intervals are divided into equal lengths of time, usually ranging from 6 to 30
seconds, and alternate between observing and recording. Units of measurement for this
type of recording are frequency of intervals, which is usually later converted to a
percentage of total intervals. Momentary time sampling is similar to interval recording in
that the observation is divided into equal intervals of time. However, unlike interval
recording where the observation takes place during the interval, momentary time
sampling requires the observation to take place at the end of the interval. Data collected
using this strategy are reported as a percentage of total intervals. In designing a
systematic observation instrument, it is useful to have a conceptual framework that
guides the development of initial observation categories.
MI conceptual framework.

For the purpose of this review, movement

integration (MI) is defined globally as any strategy CTs utilize to increase classroom PA
opportunities or decrease non-recreational sedentarism for their students (IOM, 2013).
Recent recommendations for MI focus on two major strategies: (a) incorporating PA
breaks between academic lessons, and (b) infusing PA into academic lessons (Webster et
al., 2015). These strategies reflect ways CTs can deliberately integrate movement and are
consistent with national recommendations for classroom PA as part of a whole-of-school
approach to PA (AAHPERD, 2011; CDC, 2013; IOM, 2013; NASPE, 2013). However,
there are also a few ways CTs integrate movement in a more subtle manner. These can
be thought of as incidental opportunities. An opportunity for movement was present;
however, it was not explicitly driven by the teacher. For example, a teacher may
establish a procedure for students to walk around the perimeter of the classroom each
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time they need to sharpen a pencil. The rule or procedure was directed by the teacher
when it was initially established; however, the procedure may no longer be teacher
directed when it is observed because it has become an established routine. In this case,
the opportunity to move (i.e., walking around the perimeter of the room) is considered
incidental. Another example of incidental MI is when the classroom is arranged in a
particular way to facilitate movement. Again, this is not teacher directed each time;
however, when a student moves as a result of the way the furniture or fixtures were
previously arranged, it is considered incidental. Whether deliberate or incidental, MI
results in an opportunity for students to not be sedentary, regardless of the intensity level
of the movement (Webster, et al., 2015). This means students can be engaged in light-,
moderate-, or vigorous-intensity PA (IOM, 2013).
Direct observation has been used in the elementary classroom within PA research
but only to measure the intensity level of student PA (Donnelly et al., 2009). The only
evidence of any direct observation of MI is from one observational study, conducted in
New York City schools, of a classroom-based PA program called Move-To-Improve
(Dunn et al., 2010). Although trained data collectors conducted full-day observations in
the elementary classroom and recorded information related to movement integration,
there was no evidence presented that specific coding rules and procedures were followed,
nor that a specific systematic observation instrument was developed, adapted, or
employed (Dunn et al., 2010).
There is a lack of empirical evidence documenting what teachers are doing to
integrate movement in the academic classroom. For example, only one instance of
incidental MI is even documented in the literature (Janulewicz, 2008). In addition,
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measurements of intervention implementation fidelity are needed to in order to ensure
compliance and that interventions are delivered as designed. Part of the reason we have
limited knowledge about current MI practices is because we lack objective evidence
obtained through direction observation. The limited information available has relied on
self-report and results from the absence of a systematic observation tool that captures MI.
Summary
Extant literature supports the importance of PA for children, including physical
and mental health benefits. It also demonstrates an increasing concern about the
sedentary state of children, detrimental effects of sedentarism, and the need to decrease
non-recreational sedentary opportunities. Schools have historically played a role in
children’s health and continue to be recommended as settings to intervene.
Within schools, the classroom setting receives support from the literature as a
place to target non-recreational sedentarism and to do so through MI (Bartholomew &
Jowers, 2011; Erwin et al., 2011; Holt et al., 2013; Webster et al., 2015). Movement
integration offers CTs a way to incorporate PA in their classroom, thereby contributing to
students’ progress toward meeting daily PA recommendations (Bassett et al., 2013),
without compromising academic performance (IOM, 2013). In fact, MI offers additional
benefits including on-task behavior improvements (Grieco, Jowers, & Bartholomew,
2009; Howie, 2013; Mahar et al., 2006; Mahar, 2011), positive affect (Howie et al.,
2014), and cognitive function (Donnelly & Lambourne, 2011; Elmakis, 2010; Howie et
al., 2014). Unfortunately, despite these advantages of movement integration, there is
limited evidence of implementing PA in the classroom, and that is partly due to a lack of
objective measurements.
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Objective measurements of MI are needed for several reasons. Objective
measures of MI implementation will help advance the descriptive knowledge base that is
currently quite small and limited by a reliance on self-report data. Objective measures
will enable implementation fidelity to be evaluated to ensure MI is being implemented as
designed and also enhance research on implementation fidelity by contributing another
perspective to the current discussion centered on self-reported data. Further, monitoring
implementation provides a way to identify and address any variables related to MI
implementation (e.g. teacher training, physical space constraints) that may impact
effectiveness.
One type of objective instrumentation that has been proven to capture contextual
and behavioral factors used to advance best practices in education and teacher education
is systematic observation (Flanders, 1970; Flanders, 1976). Systematic observation tools
have also been used successfully in a variety of PA and PE contexts (McKenzie et al.,
1992; Weaver et al., 2014) making it an attractive possibility for measuring MI. Further,
the instrument development process will create operational definitions of MI behaviors
providing a common language that can be used for educational and research purposes.
Developing a systematic observation instrument able to capture MI will address the need
for objective measurement, and at the same time, help provide empirical evidence of
CSPAP effectiveness that is needed to support advancing adoption of these programs.
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CHAPTER 3: STUDY 1
SYSTEMATIC REVIEW AND META-ANALYSIS OF MULTI-COMPONENT INTERVENTIONS
THROUGH SCHOOLS TO INCREASE PHYSICAL ACTIVITY1
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Half of America’s youth do not meet the national guideline of 60 minutes or more
of moderate or vigorous-intensity physical activity (PA) each day (United States
Department of Health and Human Services [USDHHS], 2008). Schools are advocated as
a key setting for helping youth to meet this recommendation (Centers for Disease Control
and Prevention [CDC], 2013; Institute of Medicine [IOM], 2013; National Physical
Activity Plan, 2012; Pate et al., 2006). Schools have unparalleled access to most youth
for many hours on most days of the week, offer an existing infrastructure for PA
promotion, have historically played an important role in promoting children’s health, and
can improve children’s health and education through PA (IOM, 2013). Unfortunately,
the effects of school-based PA interventions on the total daily PA of youth have been
negligible (Metcalf, Henley, & Wilkin, 2012). These results could be due to poor
delivery or uptake of intervention components, the use of insufficiently intense physical
activities, or poorly timed PA sessions that merely replaced opportunities during which
participants would have been equally active (Metcalf, et al., 2012).
The minimal impact of previous interventions may also be related to the quantity
and quality of intervention components designed to increase PA. Recent guidelines call
for a “whole-of-school” approach, which is defined as “all of a school’s components and
resources operat[ing] in a coordinated and dynamic manner to provide access,
encouragement, and programs that enable all students to engage in vigorous- or
moderate-intensity physical activity 60 minutes or more each day” (IOM, 2013, p. 367).
In accordance with this approach, comprehensive school physical activity programs
(CSPAP) are recommended. Distinct components of a CSPAP include (a) quality
physical education (QPE), (b) PA during the school day (PADSD), (c) PA before or after
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school (PABAS), (d) staff wellness (SW), and (e) family and community engagement
(FCE) (see Table 1) (CDC, 2013). The purpose of a CSPAP is to increase the quantity
and quality of PA opportunities through schools to maximize participation in PA.
The extent to which interventions reflect, or have adopted, a whole-of-school
approach remains unclear. Distilling the effects of interventions targeting multiple
CSPAP components may provide a unique, and possibly more promising, perspective of
extant efforts to increase youth PA through schools. The present study examined the
effectiveness of multi-component interventions on increasing the total daily PA of youth.
Specifically, a systematic review and meta-analysis, using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Liberati et al.,
2009; Moher, Liberati, Tetzlaff, & Altman, 2009) was conducted on interventions that
included two or more CSPAP components.
Evidence Acquisition
Search Strategy
Studies were identified and analyzed between August 2013 and January 2014.
Two reviewers conducted independent searches using two electronic databases
(GoogleScholar and PubMed) and the following combinations of keywords: physical
activity, school, and int*, exp*, or trial. After an initial list was generated, researchers
conferred to verify the same number of hits from each database with 100% agreement.
Results from each electronic database search were further analyzed by title and abstract
according to the PRISMA (Liberati, et al., 2009; Moher et al., 2009) guidelines. Existing
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review articles on youth PA interventions were also identified and their references
searched for inclusion of studies.
Inclusion Criteria
Interventions were included in this review that (1) occurred in the United States;
(2) targeted any school grade level K-12; (3) were an intervention (not restricted to
randomized controlled trials); (4) included two or more components reflective of the
CSPAP model, with at least one targeting PA of children at their own school, during
regular school hours; and (5) reported changes in total daily PA.
Assessment of Quality
A quality indicator index was developed based on previous research (Campbell,
Waters, O'Meara, & Summerbell, 2001; Engbers, van Poppel, Chin A Paw, & van
Mechelen, 2005; Flodmark, Marcus, & Britton, 2006; Metcalf et al., 2012; van Sluijs,
McMinn, & Griffin, 2007; van Sluijs, van Poppel, & van Mechelen, 2004), adaptations
from the Cochrane tool (Higgins, Green, & Collaboration, 2008), and researcher input to
describe elements of quality for each study included in this review (Table 2). Two
researchers conducted independent evaluations of study quality. Disagreements were
resolved through discussion. When needed, a third researcher was enlisted to reach
consensus. If definitive evidence of an indicator was absent, the ground rule established
was to report it as unknown in order to avoid making assumptions.
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Data Extraction
Three reviewers extracted from each study information regarding study design,
participants, sample size, length of intervention, descriptions of each component aligned
with the CSPAP model, PA measurements, outcome scores, context, and risk of bias.
Risk of bias was identified as blinding of participants/personnel (performance bias) and
blinding of outcome assessment (detection bias) based on items from the Cochrane
Group’s tool (Higgins et al., 2008). When extracting information about QPE, the
intervention had to present a minimum of one element of QPE (see Table 1). A decision
was made to separate staff implementation and staff wellness as two subcomponents
within the staff involvement component of the CSPAP model. This was because all of
the interventions included staff involvement (i.e., staff were trained/encouraged to
promote PA or were a part of implementation). The inclusion of staff implementation
would have altered the range of components across interventions and would not have
helped discriminate program effectiveness by CSPAP components. Descriptive
information of each subcomponent was extracted for qualitative purposes. Three
reviewers conferred on each study to determine the relevant outcome measures for the
meta-analysis. One reviewer extracted data on total PA, MVPA, vigorous physical
activity (VPA), and sedentary activity levels (e.g., minutes of MVPA, MET-weighted
minutes of MVPA, step counts, number of 30-minute blocks/day, accelerometer counts,
change scores, adjusted odds ratios, and energy expenditures). Data were extracted in the
units reported. Most often, means, standard deviations, and p-values were presented and
extracted. When change scores were present, the difference and p-values were extracted.
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Calculating Effectiveness (Meta-Analysis)
Standardized mean difference effect sizes were calculated on all PA behaviors
reported on a daily basis for each study. Examples of these include minutes of PA per
day, number of 30 minute blocks of MVPA per day, or number of past 7 days with 60 or
more minutes of PA. Each study’s daily PA effects were extracted and transformed into a
common metric (i.e., Hedge’s g) based on the study design, as well as, the amount of
information provided in the published article (Morris & DeShon, 2002). Where
insufficient numerical data were provided in the published article, requests were made to
the study’s primary author to obtain the necessary information. Only a single article was
excluded where insufficient information was presented in the published study and
attempts to obtain additional information were unsuccessful (Story et al., 2012).
Various PA measurements, such as self-report instruments, objective monitors
(e.g., pedometers or accelerometers), and different protocols to distill information from
the same measure (e.g., accelerometer minutes of MVPA per day versus average daily
counts per minute), were used to quantify the intervention-related effects for changes in
daily PA across the included studies. Because of this, the assumption was made that each
of these instruments was measuring an aspect of the construct of daily PA, and therefore,
were pooled together in the analyses.
For each study, individual effect sizes and corresponding 95% CIs were
calculated for each outcome measure. A single study reported effects from a 3-arm
intervention that included a control condition and two intervention conditions (Sallis et
al., 1997). This single study was considered as two separate studies (comparisons
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between control and intervention one and two, separately) in all subsequent analyses.
Hedge’s g (Hedges, 1982) was used to adjust effect size estimates for small sample sizes
by multiplying the effect size with the correction factor (1–(3/[4N–9])) (where N is the
total sample size at the child level). For the analytical models, all pooled effects weighted
the contribution of each study by the study’s standard deviation and sample size and used
the study as the unit of analysis. Pooled effect sizes were calculated using a randomeffects inverse variance (DerSimonian & Laird, 1986) model based on the assumption
that all studies were estimating different, yet related, treatment effects (i.e., all studies
were intervening on youth daily PA). The percentage of the total variability in an effect
size due to heterogeneity (between-studies variability) was estimated with I-squared (I2)
(Huedo-Medina, Sanchez-Meca, Marin-Martinez, & Botella, 2006). The percentages
associated with I2 are interpreted as low (25%), medium (50%), and high (75%)
heterogeneity (i.e., between study variability), respectively.
A series of models were estimated based on the following. First, an overall pooled
Hedge’s g was estimated across all studies to determine the overall effect of the
interventions on youth daily PA. Second, pooled effects were compared across the
interventions by the individual CSPAP components described in the interventions (e.g.,
studies that included QPE vs. not including QPE), as well as, the total number of CSPAP
components reflected in the intervention (range 2 to 4). These models were also
compared across potential moderators of intervention effectiveness. The moderators were
objective versus non-objective measures of daily PA and gender (reporting boys and/or
girls, separately, or reporting boys and girls combined). Two studies (Caballero et al.,
2003; Sallis et al., 1997) included both objective and self-report measures of daily PA
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and were treated separately in the analysis comparing effect sizes between measurement
types. For the evaluation of gender on the effect size, the effect was pooled at the gender
level for studies that reported two or more measured PA outcomes for boys and/or girls.
For instance, a study (e.g., Sallis et al., 1997) could report changes in daily PA via
accelerometry and also include changes in PA captured via self-report for boys and girls,
separately. Sensitivity analyses were conducted on the pooled estimates to determine the
influence of any given study’s results on the overall effect size by omitting one study and
re-estimating the pooled effect sizes. Finally, meta-regression was used to evaluate the
impact of study length on the estimated effect sizes. All analyses were conducted using
Comprehensive Meta Analysis (v.2.2.048).
Evidence Synthesis
Literature Search
A total of 1,087 records were identified and the abstracts screened by three
reviewers. Of these, 359 full-text documents were identified for inclusion. Disagreements
were discussed until consensus was reached. A final count of 14 unique studies
(Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al., 2010; Luepker et al.,
1996; Neumark-Sztainer, 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis, et
al., 1997; Sallis et al., 2003; Seo et al., 2013; Springer et al., 2012; Webber et al., 2008;
Williamson et al., 2007; Young, Phillips, Yu, & Haythornthwaite, 2006) met inclusion
criteria and were included in this review (Figure 1).
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Descriptions of CSPAP Components
Across the 14 studies, a total of 51,560 participants from 307 schools ranging in
mean age from 7.0 (Caballero et al., 2003) -15.8 (Neumark-Sztainer, et al., 2010) years
old were included in baseline data collection (Table 3). Eleven (Caballero et al., 2003;
Gortmaker et al., 1999; Luepker et al., 1996; Neumark-Sztainer et al., 2003; NeumarkSztainer et al., 2010; Pate et al., 2005; Sallis et al., 1997; Sallis et al., 2003; Webber et al.,
2008; Williamson et al., 2007; Young et al., 2006) out of 14 were randomized controlled
studies, with the average number of schools and students across all studies as 21 (range 1
(Young et al., 2006) to 96 (Luepker et al., 1996)) and 3,683 (range 201(NeumarkSztainer et al., 2003) to 26,616,(Sallis et al., 2003)), respectively. The median
intervention length and sample size was 360 days (Gortmaker et al., 1999; NeumarkSztainer et al., 2010; Sallis et al., 1997; Sallis et al., 2003; Webber et al., 2008;
Williamson et al., 2007) and 1099 students, respectively. Five of the interventions
(Neumark-Sztainer et al., 2003; Neumark-Sztainer, et al. 2010; Pate et al., 2005; Webber
et al., 2008; Young et al., 2006) focused solely on females, 13 (Caballero et al., 2003;
Gortmaker et al., 1999; Hoelscher et al., 2010; Luepker et al., 1996; Neumark-Sztainer,
2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis, et al., 1997; Sallis et al.,
2003; Seo et al., 2013; Springer et al., 2012; Williamson et al., 2007; Young et al., 2006)
employed self-report as a measure of physical activity, one study(Webber et al., 2008)
did not use self-reported measures (direct observation and motion sensor), and 2 studies
(Caballero et al., 2003; Sallis et al., 1997) used a combination of both self-report and
objective measurement. No study included all five CSPAP components. The median
number of CSPAP components was 2 with a range of 2 (Luepker et al., 1996; Neumark-
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Sztainer et al., 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis et al., 1997) 4 (Sallis et al., 2003) intervention components. The most common components observed
were FCE (n=14) (Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al., 2010;
Luepker et al., 1996; Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010; Pate
et al., 2005; Sallis et al., 1997; Sallis et al., 2003; Seo 2013; Springer et al., 2012; Webber
et al., 2008; Williamson et al., 2007; Young et al., 2006) followed by QPE (n=12)
(Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al., 2010; Luepker et al.,
1996; Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005;
Sallis et al., 1997; Sallis et al., 2003; Seo et al., 2013; Webber et al., 2008; Young et al.,
2006). PA During the School Day (Caballero et al., 2003; Hoelscher et al., 2010; Sallis
et al., 2003; Springer et al., 2012; Williamson et al., 2007) was included in less than half
of the studies (n=5). Components represented the least were SW (Gortmaker et al., 1999;
Seo et al., 2013) (n=2) and PABAS (Sallis et al., 2003) (n=1).
Quality physical education. Twelve studies (Caballero et al., 2003; Gortmaker et al.,
1999; Hoelscher et al., 2010; Luepker et al., 1996; Neumark-Sztainer et al., 2003;
Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis et al., 1997; Sallis et al., 2003; Seo
et al., 2013; Webber et al., 2008; Young et al., 2006) incorporated components reflecting
QPE as previously defined (Table 1). The most common approach was to increase PA in
physical education (PE) (Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al.,
2010; Luepker et al., 1996; Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010;
Pate et al., 2005; Sallis et al., 1997; Sallis et al., 2003; Seo et al., 2013; Webber et al.,
2008; Young et al., 2006) whether by increasing energy expenditure or by replacing
inactive time with active time. Other common pieces of QPE evident in the interventions
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included increasing enjoyment (Neumark-Sztainer et al., 2003; Neumark-Sztainer et al.,
2010; Pate et al., 2005; Sallis et al., 1997), self-efficacy(Neumark-Sztainer et al., 2003;
Neumark-Sztainer et al., 2010; Pate et al., 2005), providing equipment/supporting
purchase of for PE programs(Webber et al., 2008), and developing movement skills (Pate
et al., 2005; Sallis et al., 1997; Webber et al., 2008; Young et al., 2006).
PA during the school day. Five studies (Caballero et al., 2003; Hoelscher et al., 2010;
Sallis et al., 2003; Springer et al., 2012; Williamson et al., 2007) included this
component. PADSD occurred in the academic classroom (Caballero et al., 2003;
Hoelscher et al., 2010; Williamson et al., 2007), at recess (Caballero et al., 2003; Sallis et
al., 2003; Springer et al., 2012; Williamson et al., 2007), and during drop-in sessions
where equipment was provided after lunch and students could choose to be active (Sallis
et al., 2003). One of the most common approaches to including PA during the school day
was in the academic classroom where 3 (Caballero et al., 2003; Hoelscher et al., 2010;
Williamson et al., 2007) out of the 5 studies included PA breaks in the classroom. Two
studies (Sallis et al., 2003; Williamson et al., 2007) promoted PA during the school day
by providing equipment for students to use. While PA during the school day occurred in
a variety of settings, the majority of interventions (Caballero et al., 2003; Hoelscher et al.,
2010; Williamson et al., 2007) with this component specifically required the help of the
classroom teacher.
PA before and after school. Only one study (Sallis et al., 2003) included a before or
after school physical activity component to the intervention. The strategy included
environmental and policy changes to impact student PA levels, such as policy changes to
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allow students access to facilities for PA after school and hiring personnel to facilitate PA
programs.
Staff wellness. Two interventions (Gortmaker et al., 1999; Seo et al., 2013) included a
staff wellness component; however, details about the specific opportunities were limited.
Gortmaker et al.(1999) took teacher/staff interests into consideration and offered wellness
sessions delivered by outside agencies, but Seo et al.(2013) did not provide any details of
the wellness events.
Family and community engagement. All fourteen studies (Caballero et al., 2003;
Gortmaker et al., 1999; Hoelscher et al., 2010; Luepker et al., 1996; Neumark-Sztainer et
al., 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis et al., 1997; Sallis et al.,
2003; Seo et al., 2013; Springer et al., 2012; Webber et al., 2008; Williamson et al., 2007;
Young et al., 2006) included a component designed to engage families and/or
communities in promoting youth PA. For example, a common way to engage families
was to increase communication with families (Pate et al., 2005; Webber et al., 2008).
This took the form of sending home newsletters with information about healthy lifestyle
habits(Caballero et al., 2003; Gortmaker et al., 1999; Neumark-Sztainer et al., 2003;
Neumark-Sztainer et al., 2010; Sallis et al., 1997; Sallis et al., 2003; Seo et al., 2013;
Williamson et al., 2007; Young et al., 2006), sending home specific adult-child
homework assignments (Gortmaker et al., 1999; Luepker et al., 1996; Sallis et al., 1997;
Young et al., 2006), and offering formal parental education approaches (Sallis et al.,
2003; Williamson et al., 2007; Young et al., 2006) including Internet-based education
programs (Williamson et al., 2007) and workshops (Young, et al., 2006). A variety of
strategies for family and community involvement were represented ranging from
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educational events (Williamson et al., 2007) to health fairs (Seo et al., 2013) and active
events (Hoelscher et al., 2010; Luepker et al., 1996; Pate et al., 2005), such as family fun
nights. Community involvement was often described as partnering with schools in
conducting and promoting events (e.g., Family Fun Nights and promoting recreation
center activity programs) (Hoelscher et al., 2010; Sallis et al., 2003); Springer et al.,
2012; Webber et al., 2008), with a few studies (Neumark-Sztainer et al., 2003; NeumarkSztainer et al., 2010) helping students connect to PA opportunities in the community. For
example, New Moves (Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010)
was an intervention specifically designed to link the all-girls PE class with opportunities
for PA outside of school. Community guests were invited into PE class to lead new and
unique physical activities for the girls to try (e.g., kickboxing, yoga or water aerobics),
and students took field trips to community centers where they could see how, where, and
in what ways, they could be physically active outside of school.
Meta-Analysis
A total of 40 effects were extracted from the 14 studies (Caballero et al., 2003;
Gortmaker et al., 1999; Hoelscher et al., 2010; Luepker et al., 1996; Neumark-Sztainer et
al., 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis et al., 1997; Sallis et al.,
2003; Seo et al., 2013; Springer et al., 2012; Webber et al., 2008; Williamson et al., 2007;
Young et al., 2006) that described 15 interventions and were used in the analytical
models. The results of the analyses are presented in Table 4 and in Figure 2. The overall
effect of the interventions on youth total daily PA was minimal, with a pooled effect size
of g = 0.11 (95% Confidence Interval [95CI] 0.03 to 0.19). Comparable effects were
observed for studies that reported daily physical activity for boys (g = 0.09, 95CI -0.10 to
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0.28) and girls (g = 0.11, 95CI -0.02 to 0.23), separately, and in studies that reported boys
and girls combined (g = 0.12, 95CI 0.05 to 0.19). Across all studies and by studies
reporting gender specific activity outcomes, as the number of CSPAP components
included in the intervention increased, the effect size associated with the change in daily
physical activity increased from 0.06 to 0.19 to 0.29 for 2 (Luepker et al., 1996;
Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010; Pate et al., 2005; Sallis et
al., 1997; Springer et al., 2012; Webber et al., 2008; Williamson et al., 2007; Young et
al., 2006), 3,(Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al., 2010; Seo et
al., 2013) and 4 (Sallis et al., 2003) components present, respectively – however, only a
single study (Sallis et al., 2003) included 4 CSPAP components. Studies that employed
objective measures of physical activity (Caballero et al., 2003; Sallis et al., 1997; Webber
et al., 2008) exhibited smaller effect sizes than studies using self-report measures of
physical activity (Caballero et al., 2003; Gortmaker et al., 1999; Hoelscher et al., 2010;
Luepker et al., 1996; Neumark-Sztainer et al., 2003; Neumark-Sztainer et al., 2010; Pate
et al., 2005; Sallis et al., 1997; Sallis et al., 2003; Seo 2013; Springer et al., 2012;
Williamson et al., 2007; Young et al., 2006) (0.02 vs. 0.12). Evaluation of the inclusion of
each specific CSPAP component found that studies that included PADSD (0.19 vs. 0.07),
PABAS (0.29 vs. 0.10), and SW (0.21 vs. 0.09) were associated with larger effect sizes
than studies that did not include these components. The only CSPAP component
associated with a smaller effect size was QPE (0.10 vs. 0.16). Results from the metaregression found that study length had no effect on overall study effect size. Based on
the sensitivity analyses, two studies (Sallis et al., 2003; Seo et al., 2013) upwardly
influenced the overall pooled effects across all studies (0.07 vs. 0.11), and for studies that
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reported boys (0.01 vs. 0.09) and girls (0.02 vs. 0.11), separately. A single study
(Luepker, et al., 1996) downwardly influenced the overall effect size for studies reporting
boys and girls combined (0.12 vs. 0.15).
Discussion
Main Findings
While schools are recommended as a key setting for increasing youth PA, schoolbased interventions have been minimally effective (Metcalf et al., 2012). However,
previous reviews have not distilled the effectiveness of multi-component interventions, in
light of recommendations calling for a whole-of-school approach (i.e., CSPAPs) to PA
promotion (CDC, 2013; IOM, 2013). This review uniquely considered the effectiveness
of interventions including two or more CSPAP components. Unfortunately, the results
suggest multi-component interventions have had minimal impact on the total daily PA of
youth.
The reasons for the lack of effectiveness are unclear. The intervention
components offering the most insight into effectiveness are QPE, PADSD, and staff
involvement. Counter to expectations, the interventions with QPE components were
associated with a smaller effect size than ones without QPE (0.10, 0.16). Despite
evidence showing positive changes in PA within PE when targeted in isolation (Lonsdale
et al., 2013), the types of strategies used in the interventions herein to increase youth PA
in PE have, as a whole, not added to the capacity of multi-component approaches for
increasing total daily PA. In the included interventions, PE was delivered by a variety of
people including project staff, classroom teachers, and certified specialists, and did not
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meet guidelines for weekly allocated time or opportunities to learn, contradicting current
CSPAP recommendations for QPE (CDC, 2013). Specifically, PE should be delivered by
a qualified PE teacher and classes should meet for at least 150 minutes per week
(elementary school) or 225 minutes per week (middle and secondary school) (IOM,
2013). Ensuring the characteristics of QPE are incorporated when including this
component in multi-component approaches should help to maximize intervention
effectiveness.
While interventions that included PADSD contributed to a greater effect size than
interventions without this component (0.19 vs. 0.10), there may be untapped potential to
maximize its effectiveness. This is consistent with findings that the contexts for PADSD,
such as recess (Ridgers, Stratton, & Fairclough, 2006) and the academic classroom
(Bartholomew & Jowers, 2011; Mahar et al., 2006) can be used for increasing PA (IOM,
2013). While these contexts are promising avenues, only three studies (Caballero et al.,
2003; Hoelscher et al., 2010; Williamson et al., 2007) employed classroom activity
breaks. Providing equipment for students to use (Sallis et al., 2003; Young et al., 2006)
and scheduling PA time during and after lunch (Sallis et al., 2003; Springer et al., 2012)
are important strategies, but used in isolation are not enough to maximize the potential
effectiveness of this component. A more coordinated approach employing more than one
of these strategies across contexts may increase effectiveness of this component.
Examining staff involvement (specifically, the subcomponent staff
implementation) revealed inconsistencies in staff training. The information reported
showed staff training was more often a one-shot professional development session
instead of ongoing professional learning opportunities. Notable exceptions included
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Sallis et al. (2003) which included five 3-hour training sessions for PE teachers and Sallis
et al. (1997) which included over 32 hours of training for classroom teachers across 7
sessions. Few training sessions (Sallis et al., 2003; Williamson et al., 2007) demonstrated
collaboration across school components and resources, contradicting current
recommendations for a whole-of-school approach (IOM, 2013). This component can
maximize the effectiveness of multi-component interventions by using ongoing
professional learning opportunities that occur within the school community, incorporating
experiential learning, collaborating with other areas of the school, and providing
resources and equipment with which teachers are familiar(Till & Ferkins, 2014).
Overall, the interventions provided little information across components, which
limited understanding of exactly what took place. For example, information about the
supervision of PADSD opportunities, the physical space provided for PA, or the number
of opportunities actually presented to students to be active was missing. We can only
speculate about the extent to which recess was supervised, how frequently adults
encouraged students to be active (if at all), and what such promotion behaviors looked
like, even though these elements align with current recommendations for maximizing
PADSD (CDC, 2013). Additionally, we know very little about the actual implementation
of activity breaks in the classroom and structured time throughout the day. While
teachers may have received training on how to incorporate these elements throughout
their day to promote PA, there is little evidence to confirm PADSD implementation
occurred as designed. Knowing how classroom teachers are promoting PA to students
can also provide information useful for future intervention design. For example, giving
teachers the flexibility to individualize strategies for PADSD to fit their environment (Till
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& Ferkins, 2014), such as a focus on integrating, rather than adding, PA into already
existing classroom content lessons, may strengthen the effectiveness of this component.
In many cases, details about the PE curriculum were missing. Information about
the alignment with national standards, content progression, developmentally appropriate
activities, and the qualifications of curriculum designers may provide insight into the
limited effectiveness of this component since these are identified as components of QPE
(CDC, 2013; Erwin, Beighle, Carson, & Castelli, 2013). Including certified PE teachers
in the planning process for such interventions, and supporting them through ongoing
professional development, may be a strategy to strengthen the elements within this
component (Erwin et al., 2013; IOM, 2013).
Given that the SW component was associated with a larger effect size (0.21 vs.
0.09) than interventions without it, it would be useful to know more about the design and
implementation of activities within this component. For example, information regarding
the frequency, duration, and nature of SW opportunities, in addition to staff
attendance/participation records, would be useful in better evaluating the effectiveness of
SW strategies.
Limitations
This review searched only published studies and review articles for inclusion
which may have excluded some scholarly work from initial consideration.

Because

total daily PA was the most common way PA was reported, only studies that reported
total daily PA and had two or more components reflecting the CSPAP model were
included in this review. This resulted in exclusion of interventions (e.g. PAAC (Donnelly
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et al., 2009), PLAY (Pangrazi, Beighle, Vehige, & Vack, 2003)) from this review but
should not devalue their contribution to the field.
Recommendations
The effect of a true five-component CSPAP intervention is unknown. The
increased effect size associated with the increased number of components suggests we
should continue to pursue a whole-of-school approach as a potentially effective means to
meaningfully increase the total daily PA of youth. However, we may not yet know how
best to maximize each component or how to harness dynamic interactions between
components. Securing experts in the field to create, implement, and evaluate
interventions and materials is important going forward. We recommend multidisciplinary teams consisting of research scholars and community partners with related
backgrounds to coordinate strong, community-based collaborative approaches.
Results of the sensitivity analysis indicated two studies (Sallis et al., 2003; Seo et
al., 2013) contributed significantly to the overall effect size. Both studies used policy
development or change to facilitate increased opportunities for student PA. Sallis et al.
(2003) involved staff through a series of staff development sessions (five 3-hour sessions)
focused on teacher instructional skills and implementing new curricula to increase
student PA. It was also the only study in this review that included four of the five
components of the CSPAP model and one of the only studies (Sallis et al., 2003;
Williamson et al., 2007) to demonstrate collaboration across components of a school
which is consistent with the whole-of-school approach.
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Conclusion
Results suggest that taking a multi-component approach to increasing youth PA is
an appropriate path, but strategies within and across components may need to be
reconsidered for maximal impact. Current guidelines describing a whole-of-school
approach and CSPAPs offer relevant frameworks that merit investigation. Future
interventions that reflect all five components of the CSPAP model, align with current
recommendations, provide detailed descriptions of intervention component design and
implementation, and demonstrate dynamic collaboration across all five components are
needed.
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Table 3.1 Descriptions of CSPAP components (CDC, 2013)
CSPAP
Component
QPE

Description

Example

Opportunity to learn

Instruction for 150 minutes (elementary) or 225 minutes (secondary) per week

Appropriate instruction

Delivered by certified physical education teacher

Meaningful content

Developmentally appropriate activities and equipment

Student and program assessment

Content reflects national standards
Students engaged in MVPS for at least 50% of class
Formative and summative student assessment aligned with national standards

PADSD

Encouraging students to be active

Creating active lessons

Providing space, time, and equipment for
students

Integrating PA into academic lessons
Recess before/after lunch

PA breaks during/between classes
Drop-in sessions in the gym before school or before/during/after lunch

PABAS

Opportunities for students to be active
before and/or after the regular school day
Making school facilities open and
available to students outside regular
school day

SW

School employee wellness opportunities

Traditional before and after-school programs
Extracurricular activities like intramural, interscholastic, or youth sports,
PA clubs
Actively travelling to and from school (walking/biking to and from school)

Taking responsibility for one's health and being role model for students by being
physically active themselves
Participating in PA before, during, or after school

FCE

Engaging families and communities to be
active together with students

Engaging families through adult-child homework assignments, attending
educational presentations and workshops, and participating in active events (e.g.
Family Fun/Fit nights)
Establishing community-based partnerships to link school PA to opportunities in
the community
Help students identify ways to be active outside of school (e.g. 5K road races or
dance classes at a community recreation center)
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Table 3.2 Indicators of study quality
N
1704

DRc
295
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SR
MS
SR
MS
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Ø
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ITT
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1107
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Ø

Ø
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Note: a as reported; b identified as unknown in absence of definitive third data point; c adapted from Cochrane Tool(Higgins, et al., 2008); d first year
results reported; • yes; o no; Ø unknown; AT, as treated; BPART, blinding of participants; BPERS, blinding of personnel; BOA, blinding of outcome
assessment; CC, control for confounders; CG, comparable groups; CON, control condition; DO, direct observation; DR, dropout rate; FOL, follow-up;
ITT, intent to treat; LEN, length of study; MS, motion sensor; N, study size; PAM, PA measure; RAND, randomization; SR, self-report
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Table 3.3 Characteristics of multi-component school-based PA interventions (named reference is primary reference)
CSPAP components

Outcomes

SINV

50

Study

Study design

Population

Intervention

QPE

PADSD

Caballero
(2003)

randomized
controlled trial

n=1704; 41
schools; mean age
7.0-8.2 years; both
sexes

Pathways

•

•

Gortmaker
(1999)

randomized
controlled field
trial

n=1560; 10
schools; mean age
11.7 (SD 0.7)
years; both sexes

Planet Health

•

Hoelsher
(2010)

serial crosssectional

n=1107; 30
schools; mean age
9.92 (SD 0.51)
years; both sexes

Travis County
CATCH
Project

•

Luepker
(1996)

randomized
controlled field
trial

n=5106; 96
schools; mean age
8.76 years; both
sexes

CATCH

NeumarkSztainer
(2003)

randomized
controlled trial

n=201; 6 schools;
mean age 15.4
(SD 1.1) years;
females only

NeumarkSztainer
(2010)

group
randomized
controlled trial

Pate (2005)

Sallis (1997)

PABAS

SI

FCE

Exp

Primary outcome

PA outcome

PA instrument

•

3y

percentage body fat

total daily PA

accelerometers
PAQ

•

2y

presence of obesity

total daily
MVPA; hours
of sedentary
behavior

YAQ
Food and
Activity Survey
Television and
Video Measure

•

•

3 yb

reduce presence of
overweight and obesity

daily PA
patterns; MVPA
during PE

SOFIT
SPAN
questionnaire

•

•

•

3y

increase percentage of
MVPA in PE

MVPA during
PE; total daily
PA

SOFIT
SAPAC

New Moves

•

•

•

16
w

positive changes in PA
and dietary patterns

total daily PA;
stage of PA
behavioral
change

self-report
survey modified
from Godin and
Shepherd
(1985)

n=356; 12 schools;
mean age 15.8
(SD 1.2) years;
females only

New Moves

•

•

•

2y

percentage body fat;
BMI

daily PA;
sedentary
behaviors; stage
of change PA
behavior; PA
goal setting; PA
self-efficacy

3DPAR

group
randomized
controlled trial

n=2744; 24
schools; mean age
13.6 (SD 0.6)
years ; females
only

LEAP
(Lifestyle
Education for
Activity
Program)

•

•

•

1y

percentage of girls
reporting VPA and
MVPA

total daily PA

3DPAR

quasiexperimental

n=955; 7 schools;
mean age range
9.49-9.62 years;
both sexes

SPARK
(Sports, Play,
and Active
Recreation for
Kids)

•

•

•

2y

PA levels in PE and out
of school

total daily PA

accelerometers
1-day recall PA
checklist
SOFIT

•

•

SW

•

•

CSPAP components

Outcomes

SINV

51

Study

Study design

Population

Intervention

QPE

PADSD

PABAS

SI

Sallis (2003)

randomized
controlled trial

n=26,616
(approximately);
24 schools with
mean enrollment
1109 (SD 356);
6th-8th grade;
both sexes

M-SPAN
(MiddleSchool PA
and Nutrition)

•

•

•

•

Seo (2013)

pre-post no
control
intervention

n=1091; 8 schools;
mean age 11.5
(SD 1.4) years;
both sexes

HEROES
(Healthy,
Energetic,
Ready,
Outstanding,
Enthusiastic,
Schools)
Initiative

•

Springer
(2012)

quasiexperimental
(nonequivalent
control)

n=511; 8 schools;
mean age range
9.9 (SD 0.85)-10.0
(SD 0.80) years;
both sexes

Marathon
Kids

Webber
(2008)

group
randomized
controlled trial

n=1721 (6th grade
in 2003); mean
age range 11.912.0 years;
females only
n=3504 (8th grade
in 2005); mean
age 14.0 years;
females only
n=3502 (8th grade
in 2006); mean
age 14.0 years;
females only

TAAG (Trial
of Activity for
Adolescent
Girls)

•

•

FCE

Exp

Primary outcome

PA outcome

PA instrument

•

2y

PA levels at school

PA in PE; total
PA at school;
daily PA

SOFIT
SOPLAY
7-day recall
survey

•

18
mos

increase PA levels

total VPA and
MPA

SHAQ

•

•

6
mos

PA engagement

time engaged in
walking/running

AKP
questionnaire
PAC-Q

•

•

3y

daily MET-weighted
MVPA

total daily
MVPA

accelerometers
SOFIT

•

SW

•

CSPAP components

Outcomes

SINV
Study

Study design

Population

Intervention

Williamson
(2007)

randomized
field trial with
two treatment
arms

n=661; 4 schools;
mean age 9.2 (SD
4.09) years; both
sexes

Wise Mind
Project

Young
(2006)

randomized
controlled trial

n=221; 1 school;
9th grade; females
only

alternative PE
class focused
on life skills
with a goal of
increasing PA
in PE and
having family
support

QPE

PADSD
•

•

PABAS

SI

FCE

Exp

Primary outcome

PA outcome

PA instrument

•

SW

•

2y

weight gain prevention

total daily PA

SAPAC

•

•

8
mos

daily energy
expenditure; sedentary
activities,
cardiorespiratory
fitness; cardiovascular
disease risk factors

total daily PA

7-day PA
Recall and selfreported
sedentary
activities
questionnaire
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Note: AKP, Active Kids Project questionnaire; BAS, before and after school; CATCH, Child and Adolescent Trial for Cardiovasacular Health; CATCH BP, Coordinated Approach To Child Health BasicPlus; CATCH BPC,
CATCH BP and Community; CSH, Coordinated School Health approach; CSHP, Coordinated School Health Program; FCE, family and community engagement; MET-weighted MVPA, daily MET-weighted minutes of
moderate-to-vigorous PA; mos, months; MPA, moderate PA; MVPA, moderate-to-vigorous PA; PA, PA; PADSD, PA during the school day; PAQ, PA Questionnaire; PDPAR, Previous Day PA Recall; QPE, quality physical
education; SAPAC, Self-administered PA Checklist; SHAQ, Student Health Assessment Questionnaire; SD, standard deviation; SI, staff implementation; SINV, staff involvement; SOFIT, System for Observing Fitness
Instruction Time; SOPLAY, System for Observing Play and Leisure Activity of Youth; SPAN, Student PA and Nutrition questionnaire; VPA, vigorous PA; w, weeks; y, years; YAQ, Youth Activity Questionnaire; year,
academic year; 3DPAR, 3-day PA Recall; more detailed version of Table 3 available as supplemental document

• component present in intervention
a

sub-sample for outcomes shown in this paper; b interim results from spring 2007-spring 2008

Table 3.4 Standardized mean difference random effects (Hedges’s g) of Comprehensive School Physical Activity Promotion
interventions on changes in youth total daily physical activity
Reporting of Physical Activity Outcome
All Studies
n

g

Overall effect

15a

0.1

Sensitivity
Analysis

13b

Boys Only

(95CI)
(0.03,

0.19)

I2

n

g

90

5

0.1
0

(-0.08,

0.11)

0.1

(0.02,

0.11)

65

4c

(95CI)
(-0.10,

0.28)

Girls Only
I2

n

g

92

10

0.1

(95CI)
(-0.02,

0.23)

Boys and Girls
I2

n

g

90

5

0.1

(0.05,

0.19)

0.2

(0.10,

0.21)

8b

0

(-0.06,

0.10)

66

4d

(95CI)

I2
64

Number of CSPAP Components
2

10

0.1

(-0.01,

0.14)

70

2

-0

(-0.34,

0.27)

85

7

0

(-0.09,

0.13)

71

3

0.1

(0.02,

0.20)

77

3

4

0.2

(0.07,

0.31)

93

2

0.2

(-0.12,

0.48)

91

2

0.2

(0.04,

0.43)

94

2

0.2

(0.01,

0.29)

0

4

1

0.3

(0.06,

0.53)

1

0.1

(-0.01,

0.28)

1

0.5

(0.17,

0.74)

12

0.1

(0.02,

0.19)

91

5

0.1

(-0.10,

0.28)

10

0.1

(-0.02,

0.23)

90

3

0.1

(0.01,

0.15)

57

(0.05,

0.32)

31

1

0.1

(-0.36,

0.63)

1

0.5

(0.10,

0.82)

4

0.2

(0.10,

0.21)

0

0.08)

Specific CSPAP Component
Quality Physical Education
Y

92

91

53

Physical Activity During the School Day
Y
N

5
10

0.2
0.1

(-0.02,

0.17)

93

4

0.1

(-0.17,

0.32)

1

0.1

(-0.36,

0.63)

93

9

0.1

(-0.05,

0.19)

1

0.5

(0.10,

0.82)

89

1

0

(0.01,

5

0.1

(0.05,

0.19)

64

Physical Activity Before/After School
Y

1

0.3

(0.19,

0.40)

N

14

0.1

(0.02,

0.18)

90

4

0.1

(-0.17,

0.32)

93

9

0.1

(-0.05,

0.19)

89

Y

2

0.2

(0.04,

0.38)

97

2

0.2

(-0.08,

0.45)

56

2

0.2

(-0.02,

0.47)

94

N

13

0.1

(0.02,

0.16)

77

3

0

(-0.20,

0.25)

95

8

0.1

(-0.05,

0.20)

86

5

0.1

(0.05,

0.19)

64

0.1

(0.03,

0.19)

90

5

0.1

(-0.10,

0.28)

92

10

0.1

(-0.02,

0.23)

90

5

0.1

(0.05,

0.19)

64

Staff Wellness

Family/Community Engagement
Y
N

15

Measure of Physical Activity

a

Objective

3

0

(-0.16,

0.20)

69

1

0

(-0.44,

0.44)

Self-Report

14

0.1

(0.03,

0.20)

89

5

0.1

(-0.12,

0.28)

89

2

-0

(-0.33,

0.22)

89

1

0.1

(0.14,

0.39)

9

0.1

(-0.02,

0.26)

89

5

0.1

(0.05,

0.19)
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Total of 14 unique studies reporting 15 interventions. A single study, Sallis et al., 1997, reported outcomes for two
interventions and are treated separately for the analyses; b Removal of Seo et al., 2013 and Sallis et al., 2003; c Removal of Seo
et al., 2013; d Removal of Leupker et al., 1996
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Records identified through searching
electronic databases (n=999)

Records identified through other
reviews/references (n=88)

Records retained after removal of duplicates (n=991)

Records screened (n=359)
Excluded (n=287)
Full text records reviewed
(n=72)
Excluded (n=58)
Not an intervention (n=7)
Not US based (n=6)
Not multi-componenta (n=27)
No actual PA measures/outcomes
reported (n=6)
Does not address PA in components
(n=1)
No intervention effect reported
(n=2)
Not school-based (n=3)
Intervention did not happen during
regular school hours (n=6)

Records eligible for meta-analysis (n=14)

Figure 3.1. Flow chart of selection process resulting in inclusion of 14 unique records
a
refer to Introduction for relevant components
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56
Figure 3.2. Forest plot of overall study standardized mean differences (Hedges’s g) of Comprehensive School Physical Activity Promotion
interventions on changes in youth total daily physical activity

CHAPTER 4: STUDY 2
DEVELOPMENT OF THE SYSTEM FOR OBSERVING STUDENT MOVEMENT DURING ACADEMIC
ROUTINES AND TRANSITIONS (SOSMART)1

1

Russ, L., Webster, C.A., Beets, M.W., Weaver, G., Egan, C.A., Harvey, R., & Phillips,

D.S. To be submitted to American Journal of Public Health.
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Physical activity (PA) is well documented as important and beneficial for children
in many ways (CDC, 2013; CDC, 2010; IOM, 2013). Increasing PA is associated with
improved health through reducing risk factors for diseases like obesity, Type 2 diabetes,
and cardiovascular disease (CDC, 2013; McKenzie & Kahan, 2008). Being active is also
associated with improvements to muscular strength, bone strength, self-esteem, and lower
levels of anxiety and/or depression (CDC, 2013), thereby demonstrating the importance
of PA to the mental and physical health of children (IOM, 2013). Further, increased
amounts of PA during school have been associated with improved academic performance
of children (CDC, 2010).
The U.S. Department of Health and Human Services (2008) recommends
America’s youth (6+ years old) engage in 60 minutes or more of moderate- to vigorousintensity PA every day. Not only are children not meeting this recommendation (CDC,
2013; United States Department of Health and Human Services [USDHHS], 2008), but
there is growing concern that children are increasingly sedentary, especially in their
classrooms where they spend up to 9 hours each school day (CDC, 2013). While
increasing opportunities for PA is important, reducing sedentary time may be equally
important (IOM, 2013). Sedentary behaviors are associated with unfavorable health
outcomes (Matthews et al., 2008) and may negatively affect children’s health despite
their engagement in PA (Biddle, Gorley, & Stensel, 2004; Dietz, 2001; Salmon, 2010).
Schools have been identified as a key setting to intervene (CDC, 2013; IOM,
2013; National Physical Activity Plan, 2012; Pate et al., 2006; USDHHS, 2008).
Recommendations for increasing PA and reducing sedentary time include utilizing a
multi-component approach through schools, including movement integration (MI) in the
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academic classroom (IOM, 2013; CDC, 2013). In elementary schools, the academic
classroom is where generalist classroom teachers (CT) instruct students in academic
subjects (e.g., math, language arts), and where students spend the majority of the school
day. Integrating movement into the classroom setting has empirical support for making
contributions to student PA (Bartholomew & Jowers, 2011; Beighle, Erwin, Beets,
Morgan, & Le Masurier, 2010; Erwin, Beighle, Morgan, & Noland, 2011; Holt, Bartee,
& Heelan, 2012; Mahar et al., 2006). Moreover, MI offers other benefits like decreasing
sedentary time (Gortmaker et. al, 1999; Robinson, 1999; Salmon et al., 2005; Salmon,
2010), improving on-task behavior (Grieco, Jowers, & Bartholomew, 2009; Howie, 2013;
Mahar et al., 2006; Mahar, 2011), increasing positive affect (Howie, Newman-Norlund,
& Pate, 2014), and enhancing cognitive function (Donnelly & Lambourne, 2011;
Elmakis, 2010; Howie et al., 2014).
Despite these benefits, little is known about the extent or nature of MI in schools
(Webster, Russ, Vazou, Goh, & Erwin, 2015). Research on MI in non-intervention
settings is scarce and has relied solely on teacher self-reports (Webster et al., 2013a;
Elmakis, 2010; AAHPERD, 2011; Cothran, Kulinna, & Garn, 2010; Evenson, Ballard,
Lee, & Ammerman, 2009; Holt et al., 2013). In the context of PA interventions through
schools, the extent to which CTs are implementing MI as designed is also limited to selfreports (Bartholomew & Jowers, 2011; Cradock et al., 2014; Gibson et al., 2008; Howie
et al, 2014; Kohl, Moore, Sutton, Kibbe, & Schneider, 2001; Kibbe et al., 2011; Skrade,
2013; Stewart, Dennison, Kohl, & Doyle, 2004; Williamson et al., 2007; Woods, 2011).
One exception is the Move-To-Improve (MTI) classroom-based PE program (Dunn,
Venturanza, Walsh, & Nonas, 2010). The primary objective of the MTI program was to
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help students meet the New York state requirement for PE minutes. Full-day classroom
observations were conducted, which focused on MI strategies that were key areas of
focus within the MTI intervention (i.e., frequency and duration of physical activities,
teacher participation and/or encouragement, and academic content incorporated).
The extent and nature of MI across diverse classroom settings have not been
objectively quantified through systematic observation. Systematic observation is a
proven method of capturing contextual and behavioral variables that are useful in
operationally defining, advancing, and evaluating best practices in teaching (Flanders,
1970; Flanders, 1976; van der Mars, 1989) and physical activity promotion in a number
of settings. Examples include the System for Observing Fitness Instruction Time (SOFIT)
in physical education (McKenzie, Sallis, & Nader, 1992), the System for Observing Play
and Leisure Activity in Youth (SOPLAY) in school settings (McKenzie, Marshall, Sallis,
& Conway, 2000), the System for Observing Play and Recreation in Communities
(SOPARC) in community parks (McKenzie, Cohen, Sehgal, Williamson, & Golinelli,
2006), and the System for Observing for Staff Promotion of Activity and Nutrition in
afterschool programs and summer day camps (Weaver, Beets, Webster, & Huberty,
2014).
The purpose of systematic observation is to provide a permanent record of events
or activities that occurred to be analyzed at a future time and is typically used in research
and supervision (van der Mars, 1989). An underlying assumption is that focusing only on
events or behaviors that can be directly observed is believed to generate a more accurate
account than self-reports. Major advantages of systematic observation for assessing PA
include flexibility, low levels of inference, the ability to capture information about the
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physical and social environments at the same time, minimal interference with
participants, and results that are easily quantifiable and often summarized in a way that is
easy for policy makers, administrators, and practitioners, to understand (i.e. frequency,
duration, percentage of total time) (McKenzie & van der Mars, 2015).
An instrument designed to systematically observe classroom-based strategies for
increasing PA and reducing sedentary time can be used to measure implementation
fidelity of MI interventions and provide empirical evidence of what transpires in the
academic classroom context. This information is currently absent from the research
literature on multicomponent efforts to increase youth PA through schools, which have
been minimally effective (Russ, Webster, Beets, & Phillips, 2015). Providing such
information would extend the descriptive knowledge base that informs policy decisions
and program evaluation in the context of school wide efforts to promote PA. In addition,
there is a burgeoning field of implementation science that acknowledges the need for
examining the implementation and uptake of interventions. Evidence of increased
interest in implementation science can be seen in the launching of the Implementation
Science journal (Eccles & Mittman, 2006) and the NIH Dissemination and
Implementation conference (Proctor et al., 2009), the appointing of special funds by the
NIH reserved for grants explicitly studying dissemination and implementation, and
emerging research examining the gap between research findings and practice
(Damschroder, Aron, Keith, Kirsh, Alexander, & Lowery, 2009; Proctor et al., 2009). A
systematic observation instrument designed to capture MI can be also be used for
educational purposes. Such an instrument can yield information needed to enhance
future recommendations for pre-service teacher education and in-service teacher training
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by translating findings into practical strategies for teachers to integrate movement in
settings similar to their own.
Conceptual Framework
MI is defined as opportunities that allow for reduced sedentariness and/or
increased PA among children during normal classroom time (Webster et al., 2015). MI
encompasses the promotion of PA at any intensity (light, moderate, or vigorous; IOM,
2013). Current recommendations for MI focus on two major strategies: (a) incorporating
PA breaks between academic lessons, and (b) infusing PA into academic lessons
(Webster et al., 2015). PA breaks between lessons, also called exercise breaks (Elmakis,
2010) or PA breaks (CDC, 2013; IOM, 2013) are usually 10-15 minute sessions led by
the CT, intended to require little planning or equipment (e.g. stretches, jogs around the
classroom, jumping with an invisible rope, series of Yoga poses; Elmakis, 2010; CDC,
2013; IOM, 2013; Katz et al., 2010; Orlowski, Lorson, Lyon, & Minoughan, 2013).
Other examples of PA breaks include Energizers (Mahar et al. 2006), chair aerobics
(Ahamed et al., 2007), activity break cards (Erwin et al., 2011), and active transitions
(Elliot, Erwin, Hall, & Heidorn, 2013; Orlowski & Hart, 2010).
Integrating PA into academic content can involve using an existing integrated PA
curriculum (e.g. Move For Thought; Skrade & Vazou, 2013; SPARKabc’s;
www.sparkpe.org/abc/sparkabc/; Take 10!; Stewart et al., 2004), or combining existing
lessons with an existing PA program, or modifying lessons to include an existing
program (Bartholomew & Jowers, 2011; Donnelly et al., 2009; Grieco et al., 2009;).
Also referred to as “content-rich” activities, these are lessons where PA is intentionally
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connected to a student learning objective (Erwin, Beighle, Carson, & Castelli, 2013;
Castelli & Ward, 2012).
Purpose of the Study
The recent growth of the field of implementation science demonstrates the desire
of researchers to examine the gap between findings and implementation. Measuring
implementation fidelity may help explain the limited effectiveness of multi-component
school-based PA interventions (Russ et al., 2015). Currently, however, objective
measures for classroom-based strategies to increase PA and reduce sedentary time are
limited. Given the advantages of systematic observation as an objective method for both
research and practice related to PA promotion (McKenzie & van der Mars, 2015), the
purpose of this study was to describe the development, reliability, and validity of a
systematic observation instrument designed to measure MI. The instrument – named the
System for Observing Student Movement during Academic Routines and Transitions
(SOSMART) – will be useful in future research to determine the extent of MI,
specifically to describe fidelity of MI intervention implementation, identify possible
limitations in its use, and develop optimal strategies for increasing its effectiveness and
sustainability as a key component of school-based PA promotion.
Methods
Participant Selection
Participants for this study included CTs (N=20, mean age=34.9 years, sd=10.4)
and their students in existing, intact classes in grades 1-5 at four elementary schools in
the Columbia, South Carolina area. The schools were selected based on their existing

63

collaborative relationships with the research institution. The schools are situated in two
different school districts (two schools from each district). The two schools in the first
district served a combined total of approximately 964 students in grades K-5 with 58.6%
of the students eligible for free and reduced lunch (South Carolina State Department of
Education, 2013). The two schools in the second district served a combined total of
approximately 376 students across grades K-3. Eligibility for free and reduced lunch data
was not available for these schools at the time of the study.
Approval to conduct the study was obtained from the university IRB and from
each school district. Informed consent was obtained from the teachers during an
orientation meeting prior to sample selection. Purposeful sampling was used to ensure
access to CTs demonstrating MI in and across diverse contexts (i.e. grade level and class
size). This was achieved through administering a survey to all CTs, at all four schools,
who provided consent to participate. The purpose of the survey was to identify
classrooms that would be most useful in developing an instrument that would capture a
variety of MI strategies and the frequency with which MI strategies are utilized. CTs
responded to a self-report measure of PA promotion in the academic classroom (adapted
from Webster, et al., 2013a) and demographic questions including teacher background
variables (e.g. age, years of teaching experience, highest level of education) and
classroom context variables (e.g., teacher-student ratio, socio-economic status of the
students, grade level). The survey was developed and adapted with insight from previous
research (AAHPERD, 2011; Elmakis, 2010; Webster, et al., 2013a), two MI scholars, and
three CTs to ensure content validity. The survey data were used to identify the
classrooms at each school with the highest prevalence and variety of MI strategies. The
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first step was to remove Pre-K, Kindergarten, Special Education, and specialized
instructors (i.e., reading interventionists) from the sample/responses because we felt those
contexts were more specialized situations and less representative of a general teacher’s
classroom. Responses from the remaining CTs were coded, categorized, and then sorted
(within each subcategory) by grade level, number of students, number of assistants,
content areas used for MI, frequency of MI, variance of MI, and the highest combined
score for frequency and variety of PA promotion. Out of 80 survey respondents, 17 CTs
were purposefully selected for the sample that provided representativeness across a
variety of contextual variables (i.e. grade level, number of students) and provided the
greatest likelihood of capturing a variety of MI strategies.
Scheduling conflicts and teacher dropout resulted in the need to identify seven
additional participants. Therefore, two additional sampling strategies were employed.
First, any CTs that were not previously selected for the original sample were contacted
for inclusion in this study. Second, graduate students and researchers not involved with
this study were asked for recommendations about CTs seen using MI at these schools.
Teachers identified from this step were contacted for inclusion in this study.
Procedure for Instrument Development
Four phases were utilized to develop SOSMART and examine its reliability and
validity: Phase I: Establishing an A Priori Framework; Phase II: Expanding and Refining
A Priori Framework; Phase III: Devising a System for Coding and Interpretation, and
Phase IV: Reliability and Validity Testing.
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Phase I: Establishing an A Priori Framework. The purpose of Phase I was to
develop a framework to guide initial observations and develop content validity. An
extensive review of the literature concerning MI, including research and
recommendations, was used to establish an a priori conceptual framework. The initial
framework conceptualized MI as containing three categories of deliberate movement:
morning movements, PA infused into academic lessons, and PA breaks between lessons.
These deliberate opportunities indicated a PA opportunity directed by the teacher. This
bears some similarity to the teacher behavior categories (e.g. Gives Information, Gives
Directions) and student response category (e.g. Student Predictable Response) of the
Cheffer’s Adaptation of the Flanders Interaction Analysis System (CAFIAS) (Cheffers &
Mancini, 1989). In this sense, the category Student Predictable Response captures when
students participate in teacher-directed activities or obey teacher instructions.
However, there are also subtle ways CTs can integrate PA opportunities in the
classroom. These opportunities may be considered incidental because the activity was
not directed by the teacher at the moment it happens. This activity could be the result of
some routine or procedure put in place earlier in the year. Again, there is some similarity
between incidental MI and a student response category from the CAFIAS systematic
observation tool. For example, the Student Initiative Behavior category captures
behavior that is not teacher directed (Cheffers & Mancini, 1989). Examples of incidental
opportunities may include a procedure requiring students to walk around the perimeter of
the classroom each time they need to sharpen a pencil. Another strategy, informed by
recommendations in the literature, that may facilitate incidental opportunities for
movement is to arrange the classroom in a particular way (i.e. placement of desks) or
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converting normally fixed structures, like desks, to moveable structures, so objects can be
rearranged quickly to facilitate movement (Erwin, 2009; IOM, 2013). Whether deliberate
or incidental, MI results in an opportunity for students to not be sedentary, regardless of
the intensity level of the movement. This means students can be engaged in light-,
moderate-, or vigorous-intensity PA (IOM, 2013).
Phase II: Expanding and Refining A Priori Framework. The purpose of Phase
II was to observe real-world examples of MI and determine if the a priori framework
needed to be expanded and/or refined, and to further develop content validity through a
Delphi survey. Trained researchers collected observational data by using one digital
video camera to capture the classroom teacher and all students, when possible (with
teacher and parent consent). The camera was operated using a tripod and set up
unobtrusively in a corner of the classroom. Classroom observations occurred on
regularly scheduled school days during normal classroom time with existing, intact
classes. Across all classrooms, 32.4 total hours of videotaped observations were
collected with an average observation time of 1.6 hours. Observations were conducted at
times that did not overlap with state mandated testing times or occur during the first or
last month of the school year. On each classroom visit, academic lessons and any
transitions were recorded.
As data were collected, the lead researcher began viewing the videos to catalogue
examples of MI. The a priori conceptual framework guided initial observations,
although the researcher also remained sensitive to unanticipated MI behaviors or
opportunities. Video examples and initial categories of MI were discussed with a second
researcher whenever questionable behaviors or opportunities emerged. In such cases, if
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the identified behavior/opportunity was not readily catalogued using the a priori
conceptual framework, the framework was revised (Webster et al., 2013b). Consistent
with previous instrument development procedures, video viewings and discussions
continued throughout data collection and afterward to confirm and expand MI concepts
until the observations yielded no further insight (Thomas, Nelson, & Silverman, 2011;
Weaver et al., 2014).
Following the development of initial MI concepts from the video data, a Delphi
survey was utilized to confirm and/or expand these concepts and further develop content
validity. Participants were provided with the definition of MI (Webster et al., 2015) and
then asked to respond to an open-ended prompt (i.e. Classroom movement integration
(MI) involves reducing your students’ sedentary time (e.g., sitting) and/or increasing their
physical activity during normal classroom time (i.e., in elementary general education
classrooms). Please list all examples and/or strategies you can think of that represent MI.)
The survey was sent electronically to individuals identified as experts in the field.
Experts were classified as (a) scholars in higher education with experience teaching
and/or researching MI, or (b) practicing classroom teachers in the elementary school
setting. Eighty-five experts (46 scholars in higher education/research and 39 practicing
classroom teachers) were contacted via e-mail with a request for participation. The first
round was exploratory in nature (Thomas et al., 2011; Weaver et al., 2014). Thirty-two
responses (12 scholars and 20 teachers) were received, providing a 38% response rate.
Delphi responses were used to confirm and expand the categories. Then, a second round
was sent out to all respondents for additional feedback. The second round yielded no
further insights; therefore, no further rounds were pursued.
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The final MI concepts and their operational definitions are presented in Table 4.1.
The instrument uses a two-stage decision-making process focused first on teacher
involvement and then on student responses. Teacher involvement is described by three
categories: the person giving the directive to be active (i.e. classroom teacher or other),
instructional variables (i.e. the teacher led the activity or technology was used to lead the
activity), and movement type variables (i.e. deliberate MI as a reward/incentive, opening
activity, transition, and/or other movement that was academic or non-academic in nature).
Student involvement is described by two categories: the part of the class that was active
(i.e. whole class, part class, or small group) and the reason for it (i.e. in response to the
deliberate teacher directive, or incidentally as a result of the physical environment or a
non-teacher directed transition).
Phase III: Devising a System for Coding and Interpretation. The purpose of
Phase III was to create a coding scheme and strategy for summarizing and/or interpreting
the instrument results. SOSMART was designed to be an interval recording system to
capture the variety and frequency of MI opportunities, which are theorized to lead to
physically active student responses. Inactive vs. active are operationally defined as
follows:


Inactive- student(s) engaged in sedentary or low-active behaviors (i.e. lying down,
sitting, standing quietly (Marshall & Merchant, 2013; McKenzie et al., 2002;
Weaver et al., 2014; Welk, 2002).
o Note: This excludes standing and stretching (i.e. performing nonlocomotor movements while sitting and/or standing. These behaviors are
included in “active” (see below).
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Active- student(s) engaged in locomotor movement (ranging from walking to
running) and/or isolated upper body and/or lower body movements (nonlocomotor) whether sitting or standing.
o Note: Using these definitions, sitting on an exercise ball is not sitting at
rest. Therefore, it is active.
Coding Procedure. For each interval, decisions must be made about teacher

involvement and student response. The first stage requires a decision to be made about
the involvement of the classroom teacher by answering the following question: Did the
classroom teacher give a direction to be active?

If the answer is Yes, the observer

moves on to code teacher involvement behaviors (teacher directive variables, instruction
variables, and movement variables), then proceeds to Stage 2 (student response
variables). If the answer is No, the observer moves on directly to code Stage 2 (student
response variables).
The second stage requires a decision to be made about the response of the class by
answering the following question: How did students respond? If the answer to the
previous stage was Yes, the observer records what part of the class is active (whole class,
part class, or small group). Context variables identify how much of their body is active
(upper body only, lower body only, or full body) and off-task behavior. If the answer to
the previous stage was No, the observer records what part, if any, of the class is active
and the observable reason for that movement (as a result of something in the physical
environment or as a result of a non-teacher directed transition, like getting supplies or
using the bathroom). Within these categories, context variables identify the presence of
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added activity and/or off-task behavior. A flow chart illustrating the two stage decision
making process is presented in Figure 1.
On prepared coding forms (Figure 2), trained observers list all relevant codes
during continuous observation for 20-second intervals. When coding, the observer
should list the appropriate code(s) in the appropriate 20-second cell as soon as evidence is
observed. The observer should only list the code once in a given 20-second cell on the
coding form, even if it is observed more than once during that interval. Context codes
should be written as a sub-script to the major variable code. Coding a (-) is acceptable
for consecutive cells when the movement continues across multiple consecutive intervals.
Interpretation Procedure. SOSMART is designed to capture observable MI
variables and translate findings into an easily quantifiable format. The summary sheet
(Figure 3) provides space to calculate the total number of intervals for each category.
Total percentage of occurrence can be calculated as: Percentage occurrence =
total number category intervals
total number intervals in observation

x100.

A percentage of occurrences can be calculated for each code, as well as a tally mark for
each unique instance of the code. There is no benchmark for high MI versus low MI
frequencies or percentages of total time. Instead, SOSMART should be used to
document the frequency and variety of MI strategies employed by teachers in the
classroom. Continued research with this instrument may provide a better picture of what
an appropriate benchmark might be for MI in the classroom setting (Webster et al.,
2013b).
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Phase IV: Reliability and Validity testing. The purpose of Phase IV was a) to
test inter and intrarater reliability of the instrument, b) to further examine content
validity, and c) to test construct validity of the instrument.
Observer Training and SOSMART Reliability. Consistent with previous
research (Pope, Coleman, Gonzalez, Barron, and Heath, 2002) and recommendations
(McKenzie and van der Mars, 2015), reliability training and testing followed a specific
sequence of steps (i.e. orientation to systematic observation and the SOSMART
instrument, committing behavior categories/codes to memory, video practice, live
practice, and formal reliability) and consisted of three sessions. The first session was
video practice, including booster training sessions, the second session was live practice,
and the third session was used for reliability. Reliability was established through
interobserver reliability and intraobserver reliability. Five observers not directly involved
in instrument development (Phase II) were trained to use the instrument using video
samples over a week long time period that included formal training by the primary author
followed by a mid-week booster training. Training and observations occurred until 80%
interobserver agreement was reached (Weaver et al., 2014). Two observers conducted
field reliability live and two different observers conducted reliability from the same
observation viewed on video.
SOSMART Validity. Two validity procedures were used in this phase. A Delphi
survey was used to further examine content validity by identifying initial MI categories
from the literature and recommendations, then considering those categories in light of
direct observation of classroom teachers, and finally through reaching consensus of MI
categories with experts. Statistical analysis was used to test the hypothesis that the
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presence of MI variables (teacher directives, instructional, and movement types) would
contribute to student activity and/or decrease student inactivity. Construct validity of the
instrument was evaluated by examining the presence/absence of teacher MI compared
with students’ activity and/or sedentary behaviors as measured with accelerometers from
a sub-sample of 12 observations. The majority of these observations (n=10) were
randomly selected within and across each grade level at each school to provide a
representative picture across all four schools. In addition to random selection, additional
observation (n=2) were purposefully selected for testing construct validity because they
provided the greatest likelihood of seeing a variety of MI concepts.
Data Analysis. Statistical analyses were completed using STATA (v. 13.0,
College Station, TX). Reliability for SOSMART was calculated using interobserver
reliability and intraobserver reliability. Interobserver reliability (IOR) was measured by
agreements

calculating interval-by-interval percent agreement as IOR = agreements+disagreementsx100
(Mahar, 2011; Weaver et al., 2014; Webster et al., 2013b). Intraobserver reliability was
measured using the test-retest (different day) method across a two-week span to examine
the consistency of SOSMART across different days (Thomas et al., 2011; Webster et al.,
2013b). Interval-by-interval percent agreement was calculated the same way. Validity of
SOSMART was conducted by examining the presence/absence of MI variables compared
to the activity counts per minute from the accelerometers using unconditional multilevel
random effects logistical regression (Guo & Zhao, 2000). The choice was made not to
separate boys and girls in analyses. Based on recent research (Bailey et al., 2012) and
results from the Delphi survey, there was no reason to believe there would be a difference
in activity between genders in the classroom. Separate models were estimated for each of
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the eleven MI variables. A cut-point of 100 counts/min was used (Matthews et al., 2008),
where greater than 100 counts/min was considered active (i.e. total activity, regardless of
intensity) and 100 counts/min or less was considered inactive.
Results
Reliability
IOR agreement and total reliability exceeded 80% in live and video reliability
testing (Table 4.1). Intraobserver agreement across two weeks resulted in 97.5%
agreement. Three MI variables were not observed (i.e. reward, other movement
(academic), physical environment); therefore, reliability was not calculated for these
variables.
Validity
Logistical regression models of MI variables related to total activity (i.e. activity
counts/min) are presented in Table 4.2. Results support the hypothesis that students were
more likely to be active when MI variables were present with 8 out of 11 variables
achieving statistical significance (see Table 4.2). The strongest predictor of student
activity was the presence of “other movement, academically infused”, suggesting that
students are more likely to be active when MI that included teaching or reviewing
academic content is present (Figure 4.4). The purpose of Figures 4.4 - 4.6 is to visually
represent a sample demonstrating construct validity. That is, when MI is coded, student
activity is more likely to be present. This data was purposefully selected from a teacher
demonstrating the greatest frequency of MI implementation and variety of MI strategies
during observations in order to provide the greatest number of examples illustrating
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construct validity. The activity data is from a randomly selected student within the class.
Figure 4.4 is a graphical representation illustrating construct validity for the two strongest
MI variables (e.g. OM (a) and OM (na)). This student is more likely to be engaged in
total activity when the variables “other movement, academic” and/or “other movement,
non-academic” are present. This student was also more likely to be active when teacherdirected transitions were present (Figure 4.5), especially when those transitions were
deliberately infused with PA (TT+). As expected, when a teacher directive to be active
occurred, this student was more likely to be in activity; similarly, in the absence of a
teacher directive, this student was not active (i.e. registered <100 counts/min on the
accelerometer).
What is interesting about these illustrations are the different responses to different
MI variables (i.e. the activity peak for OM(a) is higher than the peak for OM(na), Figure
4.4), and the presence of activity (i.e. peaks of activity counts) in the absence of any MI
variables. A possible reason for seeing a greater peak in activity for OM(a) as compared
to OM(na) may be that this particular student is more interested in, or more motivated by,
activities where academic content is incorporated into the movement. Thus, it is possible
that the difference in student response between these two MI variables depends on
characteristics of the student.
In relation to teacher-directed transitions (Figure 4.5), there are moments when a
teacher-directed transition is present; however, this particular student is minimally active.
This may be an instance where the teacher is releasing students to or from a location by
small groups (i.e. releasing one table or pod at a time to line up for lunch) and this
student’s group was simply not called yet. Other instances where the student is active in
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the absence of any MI variables (Figure 4.5 and Figure 4.6), may be illustrations of
incidental movements (i.e. going to the bathroom or getting supplies) that are not
deliberately directed by the teacher. These moments (NT, Figure 4.6), are an indication
that something else was facilitating activity. It may have been a non-teacher directed
transition (i.e. getting a supply or housekeeping tasks like going to the bathroom); or, it
may have been something in the environment that was facilitating activity. In Figure 4.6,
something in the environment (i.e. a fit stool) was facilitating the movement during the
non-teacher directed transition and may be considered an example of incidental MI.
Despite using the established literature and the Delphi survey to content validate
all of the SOSMART variables, we were not able to demonstrate construct validity with
statistical significance for three of the variables (reward, opening activity, physical
environment).
Discussion and Conclusion
To our knowledge, SOSMART is one of the first systematic observation tools for
measuring the frequency and variety of MI strategies utilized in the academic classroom.
This instrument fills the need for objective measurements of MI in the academic
classroom setting, which is included as a key context in coordinated and comprehensive
approaches to PA promotion through schools (CDC, 2013; IOM, 2013). While
SOSMART was found to be valid and reliable overall, three MI variables were not
observed enough to establish construct validity. In terms of their validity, these variables
were present less frequently than the other eight variables. It may be that these variables
are referred to less frequently, if at all, in the literature and current MI recommendations.
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More discussion of how to incorporate these MI strategies in practice may be needed, and
continued use of SOSMART is needed to further validate these variables.
The figures (Figure 4.4-4.6) not only illustrate differences between activity peaks,
but also peaks and valleys where we may or may not expect them. While the purpose of
this study was not to understand these differences, future research should examine these
differences and explore reasons underpinning the presence of them. It is possible that
different MI variables, or combinations thereof, can have different activity outcomes.
For example, different strategies may be more or less effective depending on any number
of student variables (i.e. student interest, attitude, experience, or even the actual number
of students in the class). Therefore, documenting these differences and exploring the
underlying reasons for them has implications for practice. Specific MI strategies may or
may not be recommended to preservice and/or inservice CTs depending on their school
or classroom context. This instrument also provides MI terms that can be used as a
common language in communicating about MI during preservice teacher training and
inservice teacher development.
Even though the figures represent a high promoting teacher, and a randomly
selected student, these illustrations may not represent all cases. Therefore, descriptive
research is needed to provide a more comprehensive picture of how MI is being used in
and across a variety of classrooms. The data obtained from SOSMART will also enable
researchers to evaluate intervention implementation fidelity. Descriptive research and
implementation science can contribute to component-specific national surveillance data
needed to strengthen the effectiveness of CSPAP efforts. This will not only benefit
evaluations of program effectiveness, but may also be used in policy and practice
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decisions. For example, MI research can fuel efforts to establish a benchmark policy, or
national recommendation, for MI in the classroom setting. MI may also be given
consideration by school administrators in the practice of annual evaluations of CTs.
It must also be acknowledged that the data generated from using this instrument
provide descriptive, but not prescriptive, information (McKenzie & van der Mars, 2015).
Researchers are cautioned to remember that systematic observation findings are always
contextual and limited due to human error (van der Mars, 1989). Common sources of
observer error include observer drift, reactivity, environmental factors, and bias or
falsifying data (McKenzie & van der Mars, 2015). These should be addressed and
carefully safeguarded against throughout training and data collection.
Future research directions should include using SOSMART to provide a
descriptive knowledge base about the extent and nature of MI, examining which MI
variables are more/less feasible in certain classroom contexts (e.g., with larger vs. smaller
class sizes), and using SOSMART to evaluate implementation fidelity in classroombased PA interventions. SOSMART can also be used in combination with other
systematic observation measures (i.e. SOFIT in physical education) to improve
surveillance research on CSPAP prevalence. To our knowledge, there currently is not an
evidence-based benchmark for the amount of MI that should be implemented in the
classroom context. Recommendations for increasing student activity and/or decreasing
sedentarism in the classroom could be revised using a stronger empirical basis.
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Table 4.1 Operational Definitions of the SOSMART Instrument and Interrater Percent
Agreement

Interrater Reliability
Percent
agreement
live

Percent
agreement
video

Teacher Direct
Classroom teacher Teacher gave an explicit direction
for students to be active.
No No teacher direction for students to
be active occurred.

93.72

99.26

89.87

98.73

95.31

99.47

Instruction

89.87
88.75

93.67
93.67

-

100.00

88.61

95.34

-

-

-

100.00

87.03

96.66

Variable
Teacher Involvement
(TI)

Operational definition

Teacher-led The teacher led the activity.
Technology-led The teacher used technology (i.e.
YouTube videos, electronic media
like GoNoodle or JustDance) to lead
the activity. The adult did NOT
actually lead the activity.
Movement Type
Reward/Incentive Movement provided by the teacher
as an obvious (explicitly stated)
reward for providing a correct
response or behavior in class.
Opening activity Movement directed by the teacher
within the first 10 minutes of the
official start of the school day,
followed by a class response
resulting in student activity. (This
may include a school-wide morning
exercise on the news show, etc…)
Teacher-directed The teacher gave a direction for
transition students to be active resulting in
students moving from point A to
point B (i.e. desks to carpet) or
between finishing one task and
getting ready for next task (i.e.
putting away supplies and/or
transitioning from one instructional
content to another instructional
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content).
This includes housekeeping tasks
and procedures (picking up/putting
away supplies (pencils/paper,
tissues, snacks), using restroom)
when the teacher has students walk
from point A to point B.
Other Movement Non-academic (na): Movement
directed by the teacher within a
lesson or between lessons, followed
by a class response resulting in
student activity that does NOT
include academic content (often
called “brain breaks” or “exercise
breaks”).
Academic-infused (a): Movement
directed by the teacher within a
lesson or between lessons, followed
by a class response resulting in
student activity that DOES
review/teach academic content.

92.00

92.31

-

-

91.00

88.14

70.58

92.10

56.25

80.00

92.30

88.71

97.81

91.91

84.21

80.88

-

-

84.21

80.88

Student Response (SR)
Students active

Whole class
Part class
Small group
None

The amount of students in the class
that are active, as defined herein, at
first glance
All students are active.
More than 50% but less than all
students are active.
Less than 50% of students are
active.
No students are active.

As a result of
Physical environment Equipment used that is facilitative of
movement, resulting in student
activity, regardless of level of
intensity.
Non-teacher directed The teacher did not give a direction
transition for student(s) to be active, but the
student(s) still engaged in physical
activity.
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This includes when students walk
from point A to point B for tasks
that are not directed by the teacher
(i.e. getting supplies, going to the
teacher’s desk, going to the trash
can, etc…).
Across variables for
91.32
91.94
all intervals
Note. “-“ indicates the behavior was never observed therefore percent agreement was not
calculated
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Table 4.2 Construct Validity of the SOSMART Instrument

Total Activity
OR

p-value

(95% CI)

1.5
2.0

<0.0
<0.0

(1.4, 1.6)
(1.4, 2.8)

1.5
1.6

<0.0
0.02

(1.4, 1.6)
(1.1, 2.4)

4.8

0.1

(0.6, 38.7)

Opening activitya
Teacher directed transition

1.3

<0.0

(1.2, 1.5)

Other movement (non-academic)

1.9

<0.0

(1.6, 2.3)

Other movement (academic)
Resulting from environment

2.3
1.0

<0.0
0.93

(1.5, 3.5)
(0.7, 1.5)

Non-teacher directed transition
1.2
Too few observations to estimate
Note. Statistically significant relationships are bolded.
Abbreviations: OR, odds ratio

<0.0

(1.1, 1.3)

Teacher
Classroom teacher
Other
Instruction
Teacher-led
Technology-led
Movement type
Reward

a
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SOSMART Observational System
Coding Protocol Flow Chart
Teacher Directive (TD)
-regular classroom teacher
(ct)
-other (o)

YES

Instruction (INS)
Teacher-led (T)
-verbal (v)
-demonstrate (d)

Movement Type (MT)
Reward/Incentive (R)

Technology-led (C)

Teacher Directed Transition
(TT)
-with added activity (+)

Opening Activity (O)

Other Movement (OM)
-non-academic (na)

Did the teacher
give a direction
for students to be
active?

-academic infused (a):
--- language arts (la)
---math (m)
---science (s)
---social studies (ss)
---other (o)
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NO

How are students
responding?

Students Active?
(SA)
Whole class (W)
Part class (P)
Small group (G)
-upper body (ub)
-lower body (lb)
-full body (fb)
-off-task (o)

As a Result of? (R)
[LEAVE BLANK]

How are students
responding?

Students Active?
(SA)
Whole class (W)
Part class (P)
Small group (G)
-off-task (o)
None (N)

Figure 4.1 SOSMART decision flow chart

As a Result of? (R)
Physical Environment (E)
Non-Teacher Directed Transition (NT)
-with added activity (+)
-off-task (o)

SOSMART Recording Sheet
School: __________________________
Teacher Name:____________________
Grade:___________________________

1
TI

SR

2

3

Intervals
4
5

# Students: ______________________
# Assistants:______________________
Class time:
______AM/PM to _______AM/PM

6

7

8

9

TD
INS
MT
SA

TI

SR

R
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SR

2

3

Intervals
4
5
6

7

8

TD
INS
MT
SA

TI

SR

3

Intervals
4
5

6

7

8

9

1

2

3

Intervals
4
5
6

7

8

9

TD
INS
MT
SA
R

1

SR

2

TD
INS
MT
SA

9

R

TI

1

R

1
TI

Observer:______________________________
Observation Date:_______________________
Coding start: ______AM/PM
Coding stop: ______AM/PM

2

3

Intervals
4
5

TD
INS
MT
SA
R

Figure 4.2 SOSMART coding sheet

6

7

8

9

1
TI

SR

TD
INS
MT
SA
R

2

3

Intervals
4
5

6

7

8

9

SOSMART Summary Scores

Category
Teacher Direct (TD)
Classroom Teacher
Other
None

Code

Number of
category intervals

Total number of
intervals for
observation period

Percentage of occurrence

CT
O
N
Subtotal

Instruction (INS)
Teacher-led
Technology-led

T
C
Subtotal
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Movement Type (MT)
Reward/Incentive
Opening Activity
Teacher Directed Transition
Other Movement (non-academic)
Other Movement (academic)

R
O
TT
OMna
OMa
Subtotal

Students Active (SA)
Whole class
Part class
Small group
None

W
P
G
N
Subtotal

As a Result of What (R)
Physical Environment
Non-Teacher Directed Transition

E
NT

Subtotal
Grand total

100%

Figure 4.3 SOSMART scoring summary
Note: Adapted from Observation Recording Record of Physical Educator’s Teaching Behavior (ORRPETB), Stewart (1989) in van der Mars (1989)

Frequency of events

Figure 4.4 SOSMART construct validity of OM (na) and OM (a)
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3000

1

2500
0.8

2000
counts/min

0.6
TT

1500

TT+
0.4

Student "X" PA
100 counts/min

1000

0.2
500

0

0

Figure 4.5 SOSMART construct validity of TT
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3000

1

2500
0.8

2000

counts/min

0.6
Teacher Directive
1500

Environment
Non-Teacher Directive
0.4

100 counts/min

1000

0.2

1:06:00 PM

1:05:00 PM

1:04:00 PM

1:03:00 PM

1:02:00 PM

1:01:00 PM

1:00:00 PM

12:59:00 PM

12:58:00 PM

12:57:00 PM

12:56:00 PM

12:55:00 PM

12:54:00 PM

500

0

Student "X" PA

Figure 4.6 SOSMART construct validity of TD and NT
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CHAPTER 5
DISCUSSION
The contribution of this dissertation to advancing the knowledge base informing
CSPAP adoption is two-fold. First, by conducting a systematic review and meta-analysis
of multi-component school-based PA interventions, empirical evidence was generated to
create a rationale for the continued pursuit of CSPAP effectiveness.
While the overall effect size was minimal, reasons for the lack of effectiveness are
unclear (Russ, et al., 2015). Results from the first study indicate that pursuing CSPAPs is
still a worthy endeavor but strategies within and across components need to be analyzed.
Intervention components were not always in alignment with national recommendations
(i.e. QPE was not taught by a certified professional), fidelity of implementation relied on
self-reports, and staff trainings revealed inconsistencies. Targeting the quality of each
intervention component, as well as measuring fidelity of implementation through
developing component-specific objective measures, are strategies that could help enhance
program effectiveness. Interventions that reflect all five components of the CSPAP
model, align with current recommendations, provide detailed descriptions of intervention
component design and implementation, and demonstrate dynamic collaboration across all
five components are needed.
The second way this dissertation contributes to advancing the knowledge base for
CSPAP efforts is by providing a component-specific (PADSD) objective measure of
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implementation. Within the school day, students spend a majority of their time with a
classroom teacher across several different settings (i.e. classroom, lunch, recess), thereby
insinuating the importance of CT involvement in PA promotion (in intervention and nonintervention contexts). Many multi-component school-based PA interventions have
targeted the classroom as one of the settings to intervene (Russ, et al., 2015); however,
the only measures of implementation fidelity reported in the classroom were self-reports.
Through developing a systematic observation tool designed to capture the frequency and
variety of strategies teachers use to integrate movement in the classroom setting
(SOSMART), CSPAP efforts within this setting can now base policy and practice
decisions on objective measurement data.
Data generated from utilizing SOSMART can be used to enhance pre-service
teacher education, in-service teacher professional development, and future CSPAP
research efforts. Teacher training (i.e. preservice and inservice CTs) can now utilize the
MI terms presented in SOSMART as a common language to discuss MI strategies, and
researchers can begin to explore which MI strategies may be more or less effective for
CTs practicing in certain contexts. SOSMART can also be used to advance CSPAP
research through providing descriptive data on the nature of MI in classrooms and
objectively measuring implementation fidelity.
This dissertation represents one of the early efforts of CSPAP research. The
combined impact of the studies herein results in a significant contribution to advancing
the knowledge base needed for CSPAPs through providing empirical evidence and
objective measures on which CSPAP efforts can now be grounded. Combined with other
component-specific objective measures, continued use of SOSMART can contribute to
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the first efforts of national surveillance data documenting the implementation and
effectiveness of CSPAPs. This, in turn, can facilitate the creation of a national
benchmark for MI and/or reducing sedentarism in the academic classroom, which may
result in a trickle-down effect influencing the criteria on which administrators evaluate
CTs in the future. These contributions create a driving force behind CSPAP, moving
forward the potential and possibility of wide scale program adoption.
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