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 In an era of declining physical activity (PA) among children, schools are positioned to 

provide PA opportunities within and beyond the school day. The recent call for greater alignment 

between education and health outcomes within a whole-of-school approach positions the 

classroom as a possible place to increase children’s PA. Along with health benefits, PA has been 

associated with increased cognitive performance in children. However, research on the 

relationship of classroom PA and cognition in a classroom setting has received little attention. 

Therefore, within this dissertation, three studies were conducted and together represent a process 

evaluation for using PA videos in classrooms. Study 1 investigated the implementation strategies 

and the number and intensity of PA opportunities offered by classroom teachers. Mixed methods, 

including interviews, observations, accelerometers, and survey measures were utilized to identify 

teacher profiles for classroom PA implementation. Findings suggest three distinct teacher 

profiles in offering PA in the classroom. Study 2 explored the effects of an acute bout of 

classroom PA on cognitive components of executive function (EF) and math performance. 

Students completed cognitive tasks measuring math performance, the speed of information 

processing and cognitive flexibility (Trail Making Test; TMT-A, TMT-B) and working memory 

(visual memory task) pre/post exercise. No group differences were detected between high and 
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low-intensity groups. Study 3 examined the cognitive effects of sustained classroom PA. 

Children’s cognitive assessment scores (mathematics, TMT-B, visual memory) in high- and low-

usage PA classrooms were compared over the school year. Children in classrooms consisting of 

high-usage PA demonstrated significantly greater improvement in mathematics performance 

compared to their peers in the lower-usage group. Taken together, findings from this dissertation 

suggest that many teachers are initially apprehensive about classroom PA, yet some have 

overcome fears of implementation and now offer students multiple bouts of daily PA. Frequent 

PA opportunities across a school year may improve children’s perception of class climate and 

performance on specific cognitive tasks.   
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INTRODUCTION 

 

In the last three decades, childhood obesity in the United States (US) has nearly tripled 

(Centers for Disease Control and Prevention [CDC], 2013; Good Food Nation, n.d.). Despite 

public policy and intervention efforts intended to address this trend (USDHHS, 2008; Strong et 

al., 2005), overweight and obesity among school-aged children remain high (Kahan & 

McKenzie, 2015; Ogden, Carrol, Kit, & Flegal, 2012). Additionally, physical activity (PA) levels 

among children continue to be below current guidelines (Erwin, Beighle, Carson, & Castelli, 

2013; Troiano et al., 2008) even with the many known health benefits of regular participation in 

PA such as reduction of blood pressure, increased energy levels, as well as the psychological  

benefits of decreased anxiety and depression, improved self-concept (Erwin et al., 2013; Strong 

et al., 2005). Further, children who regularly engage in PA (i.e., 60 minutes of moderate to 

vigorous physical activity (MVPA) per day; Donnelly et al., 2016) and are physically fit, 

perform better in school than their less active peers (Castelli et al., 2014; Howie & Pate, 2012; 

Castelli, Hillman, Buck, & Erwin, 2007;  Kamijo et al., 2014; Welk et al., 2010; Chomitz et al., 

2009).  

 One potential reason for the excessive inactivity and sedentary behavior is public policy. 

An unintended outcome of systematic accountability initiatives, such as No Child Left Behind 

and Race to the Top, is that schools have become obesogenic environments manifesting 

sedentary behaviors. An increased allocation of time spent in language arts and mathematics 

subject matter, has led to a reduction of time spent in physical education and recess (Seidentop, 

2009). Even though such policy limits PA opportunities, schools remain an ideal place to 

promote and engage in PA, as most children attend school as much as six hours per day (Pate et 
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al., 2006). Some schools are beginning to target PA among children from a Whole School, Whole 

Community, Whole Child approach (WSCC; Figure 1).  

 

 

Figure 1: Whole School, Whole Community, (WSCC) 

 The WSCC model is a child-centered approach derived from the original Whole Child 

and Comprehensive School Health models. With an emphasis on the social and emotional 

climate of the learning environment, this model creates the organizational structure for the 

enhanced alignment, integration, and collaboration between education and health. The model is 

focused on developing a healthy culture of a community. Within the WSCC model, schools may 

consider a whole-of-school approach (Institute of Medicine [IOM], 2013) to implement policy 

and integration of PA opportunities that are offered across the curriculum (i.e., PA breaks in the 

classroom, recess, and moderate to vigorous physical activity offered during physical education). 
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The IOM identifies a Comprehensive School Physical Activity Program (CSPAP; see Figure 2) 

as one example of a whole-of-school approach to target PA opportunities for children throughout 

the school day. For additional detail on the research about these models and initiatives see 

Appendix A. 

 

Figure 2: Comprehensive School Physical Activity Program (CSPAP) model 

Comprehensive School PA Programs (CSPAP)   

 While coordinated approaches to school health are not new (Kolbe, 2002), PA has only 

been acknowledged as a health risk for just over a decade (Strong et al., 2005). A CSPAP is a 

whole-of-school approach, which evolved from the Coordinated School Health (CSH) model. A 

CSPAP provides the structure necessary to organize all children, faculty, staff, and parents to 

collectively provide more PA opportunities for children during school (Kelder, Karp, Scruggs, & 

Brown, 2014). The CSPAP components include: (a) quality physical education; (b) physical 

activity before and after school; (c) physical activity during school; (d) staff involvement; and (e) 
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family and community engagement, as opportunities where children can accumulate a portion of 

the recommended 60 minutes of PA per day. Each point of intervention has its unique set of 

facilitators and inhibitors (Carson et al., 2014) and a school may decide to focus on one 

component over another based on the needs of the children, since the context in which the model 

is being applied may vary.  

PA in the Classroom 

 PA during school can be incorporated into the school day in multiple ways (e.g., club 

activities, advisement, career exploration; Beddoes & Castelli, 2017). Despite these opportunities 

children spend most of their school time in classrooms (Donnelly & Lambourne, 2011which 

account for less than 5% of the total daily PA among children (Brusseau et al., 2011). There are 

many possible reasons for why PA in the classroom attributes for such a low proportion of the 

overall PA. For example, teachers may emphasize standardized test preparation or do not 

perceive PA as a related to academic learning time (Erwin et al., 2012). Further, teachers may 

simply feel uneasy about offering PA in the classroom because they have never been trained to 

do so. Research does suggest that when educaotrs are provided with professional development 

related to PA, they can effectively implement physical activities (e.g., TAKE 10!; Stewart et al., 

2004) by including the movements in the daily routine (Donnelly & Lambourne, 2011); offering 

the activities during transitions between planned lesson components (e.g., mathematics small 

group work to vocabulary word wall); or while transitioning to a different location in the school 

(e.g., having children do arm movements while walking to the lunchroom). 

 There is emerging research suggesting that when a PA program is introduced into the 

classroom setting or integrated into academic lessons, the overall rate of engagement within that 

given classroom increases (Erwin, Beighle, Morgan, & Noland, 2011; Phillips, Hannon, & 
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Castelli, 2014). Also, in classrooms where a teacher participates in PA, the children, especially 

girls, have higher PA engagement than the children who are in a classroom where teachers are 

not demonstrating or participating in this behavior (Ernst & Pangrazi, 1999). Moreover, it has 

been observed children are more likely to demonstrate on-task behavior during academic tasks 

following classroom PA breaks (Mahar et al., 2006; Grieco, Jowers, Bartholomew, 2009). Given 

the intellectual demands of each school day and the external pressure faced by the teacher to 

have children achieve given learning outcomes in a designated period, having children who are 

on-task is beneficial to all. 

Classroom PA and Executive Function.  Executive function (EF), the mental process of 

planning, scheduling, and prioritizing stimuli (Norman & Shallice, 1986), is an essential element 

of interpreting environmental cues. In a busy classroom, multiple stimuli are being presented 

simultaneously, and it is important that children identify which information is the most important 

to focus on (i.e. a pencil being sharpened or a teacher directive). In children, EF is typically 

measured as the speed of information processing and accuracy of completing both congruent and 

incongruent tasks (Phillips et al., 2014; Hillman et al., 2009; Hwang et al., under review). When 

someone focuses his or her attention on a task, processes of inhibition, working memory, and 

cognitive flexibility, as subcomponents of EF, are also utilized. As each of these components of 

EF collectively facilitates learning, investigating how PA in a classroom setting may facilitate EF 

has merit.  

Physical activity participation from acute bouts (i.e., a single, brief session of 

engagement, such as an energizer activity in the classroom; Hillman et al., 2009) and chronic 

bouts (i.e., consistent participation over time, like physical education or daily classroom PA; 

Donnelly et al., 2010) positively influence EF (Hillman et al., 2014) and academic achievement 
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(Donnelly et al. 2016). The strength of such associations is greater when physical fitness, over 

physical activity, is related to EF (Hillman et al., 2014). Despite these trends in the research, 

little is known about the effects of specificity and timing of acute bouts of PA on EF within an 

authentic school environment. Research on the dose-response effects is limited by the lack of 

objective measurement of PA within authentic research settings examining such effects (Castelli 

et al., 2014). Anecdotal evidence suggests many teachers currently  integrate movement into 

their lessons, yet few studies to date have examined the cognitive effects of acute classroom PA 

sessions (e.g., Grieco et al., 2009; Kubesch et al., 2009; Mahar et al., 2006; Howie, Schatz, & 

Pate, 2015).  

Class Climate and PA. Within this dissertation, classroom climate is operationalized as 

group relationships (or the nature of interpersonal interactions) and dynamics within a classroom 

setting (Loukas, Suzuki, & Horton, 2006; Fraser, 1982). The influence of positive child-to-child 

and teacher-to-child interactions in classrooms is said to enhance learning (Durlak, Weissberg, 

Dymnicki, & Taylor, 2011).  

PA participation rates have been positively associated with supportive learning climates 

in a physical education setting, especially among girls (Shen et al., 2012). To date, no known 

research has reported on the association of classroom PA engagement and perceptions of class 

climate (i.e., the nature of perceptions of the interpersonal interactions inherent in classrooms). 

Given the evidence regarding the influence of classroom climate on learning (Durlak et al., 2011) 

and the recent emphasis in the WSCC model on the social and emotional climate of schools and 

classrooms, an investigation into the relationship of these constructs has merit. 

PA videos in the classroom.  Though teachers may utilize several different methods, 

including media, to offer children opportunity to move in the classroom setting, of interest in this 
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study are PA videos designed to minimize teacher burden when offering PA in the classroom. 

Specifically, these resources are designed to assist classroom teachers in engaging elementary 

(K-5) children in short bouts of PA throughout the school day with the dual purpose of 

incrementally increasing PA among children and resetting attention for academic tasks. A 

teacher uses a projection system to display a mascot who leads the children through dance, 

calisthenics, yoga, and flexibility routines.  

 In addition to the limited amount of research on acute classroom PA and its effects on 

EF, little is known about how teachers are currently interpreting and applying classroom PA 

using videos. Understanding teacher usage (methods, modes, and intensity), PA participation 

rates, and cognitive performance after a bout of PA can help educators determine the most 

efficient to offer these resources across the school day. 

Study of Classroom Physical Activity and Cognitive Function  

 This dissertation consists of three studies that investigated the characteristics of 

classroom PA and the relationship of varying intensities of classroom PA with cognitive 

performance and perceptions of class climate among children in elementary school. The first 

study, Implementing Physical Activity into Classrooms: Teacher Profiles, used an embedded 

mixed methods approach to develop profiles of teachers that reflected the usage of classroom PA 

resources. This study utilized semi-structured interviews, observations, objectively measured PA, 

and teacher and child surveys to explore those characteristics and teacher practices associated 

with active and less-active classrooms. 

 The second study, Acute Classroom Physical Activity and Executive Function among 

Children, first examined the efficacy of using videos by examining acute bouts of PA in the 
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classroom. Second, this study utilized repeated measures to investigate attention, working 

memory, and cognitive flexibility following acute PA bouts of various intensities.  

The third study, Classroom Physical Activity Across a School Year and Cognitive 

Function Among Children, examined the association between teacher usage of PA videos and EF 

in children. Unlike study two, this study examined the continued usage of classroom PA over 

one academic school year. This dissertation researches the feasibility and efficacy of physically 

active classrooms within the broader WSCC and supporting CSPAP models. As classroom PA 

represents a critical component in the effort to provide children opportunities to reach 

recommended daily amounts of PA, the combined studies may serve to inform recommendations 

and considerations for active classrooms.  
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STUDY 1: IMPLEMENTING PHYSICAL ACTIVITY INTO CLASSROOMS: 

TEACHER PROFILES 

 
Abstract 

 
PURPOSE:  The purpose of this study was to investigate the implementation strategies 

and the frequency, duration, and intensity of PA opportunities offered by classroom teachers. 

Additionally, this study examined the unique characteristics of high- and low- PA video users 

and the climate in their classrooms. 

METHODS: Using an embedded mixed-methods design, elementary school teachers (n 

= 40) from six schools across two districts, were recruited to participate in this study because 

they had been provided with access to PA videos. Data sources of teacher interviews and 

observations were corroborated by the completion of valid and reliable surveys of perceptions of 

class climate, enjoyment, and competence as well as accelerometer data to identify the common 

characteristics of high and low active classrooms.  

RESULTS: All quantitative and qualitative data sources, including the accelerometer 

data, were examined. Trustworthiness was maintained by peer audits, member checks, and the 

triangulation of the data through multiple data sources. Frequent peer debriefing with the 

research team minimized bias. Field notes were recorded in the principal investigator’s journal to 

represent the thoughts and impressions throughout the research project. The iterative and 

inductive process of data analysis revealed three categories of teachers in implementing 

classroom PA: (a) Dynamic Providers (b) Convenient Adopters, and (c) Lost Managers.  

CONCLUSIONS: Findings from this study support the positive relationship between 

offering PA and the perceptions of class climate. Teacher delivery of classroom PA differs, with 

some teachers integrating PA as opportunity to increase student attention or to take a break from 
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academic time, while other teachers think of PA as part of the developmentally process and as a 

contribution to creating a healthy school community. Lastly, some teachers remain apprehensive 

and nervous that PA in the classroom may result in loss of control of the student behavioral 

responses, while others find ways to overcome such concerns. Pedagogical best practice for 

participating in PA within the classroom setting is still emerging. 

 

Keywords: class climate; classroom physical activity 
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 Public school education serves 55.5 million children each day and, as such, is ideally 

positioned to improve the health of school-aged children. The drawback to children spending six 

hours at school is that these environments have become sedentary with few opportunities for 

physical activity (PA), as an unintended result of political and parental pressure to focus 

exclusively on academic achievement. Today, physical inactivity among children (Troiano et al., 

2008), as well as overweight and obesity, are problematic (Ogden, Carrol, Kit & Flegal, 2012). 

Scholars and medical professionals alike (e.g., Institute of Medicine [IOM], 2013; McKenzie & 

Kahan, 2008; Sallis & McKenzie, 1991) have repeatedly called for greater PA promotion in 

schools as a necessary component of broader health goals. Because learning is the primary 

emphasis of schools, there has traditionally been a little collaboration between educators and 

health sector personnel (Basch, 2010; Lewallen et al., 2015). Given the desire to attain high 

scores on achievement tests, the dual focus of achieving both health and academic outcomes is 

difficult for administrators and educators.  

To assist school leaders with their prioritization and attainment of academic goals, the 

ASCD advocated for the Whole Child approach, which promoted health, safety, and support, by 

redefining academic achievement to broadly represent student preparation for future challenges, 

rather than single-mindedly emphasizing grades or test performance (ASCD, 2007). Similarly, 

the Institute of Medicine [IOM] recommended that all schools implement a whole-of-school 

approach, where educational initiatives concentrate on the development of the Whole Child 

(IOM, 2013). The Whole School, Whole Community, Whole Child approach (WSCC; see 

http://www.ascd.org/programs/learning-and-health/wscc-model.aspx) provides the contemporary 

framework for connecting and aligning health and learning outcomes. Given the existing 

evidence suggesting physical inactivity, obesity, and type II diabetes may be inversely related to 
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academic success (Janssen & LeBlanc, 2010; Strong et al., 2005), implementing comprehensive 

approaches in schools would simultaneously address both health and educational outcomes. 

 One example of an approach that falls within the WSCC model is the Comprehensive 

School Physical Activity Program (CSPAP), which is focused on the provision of PA 

opportunities within and beyond the school setting. The CSPAP outlines the direction and 

structural support necessary to increase the number of opportunities for children to participate in 

PA. Specifically, a CSPAP targets opportunities for children to engage in PA throughout the 

school day through such opportunities as: (a) physical education; (b) physical activity before and 

after school; (c) physical activity during school; (d) staff involvement; and, (e) family and 

community engagement. Housed within the framework of WSCC, a CSPAP facilitates a 

synergistic effort from all stakeholders to increase student PA across the school day (Kelder, 

Karp, Scruggs, & Brown, 2014) with quality physical education as the centerpiece, because of 

its’ focus on formal educational outcomes.  

Classroom Physical Activity   

 The integration of PA opportunities across the curriculum (e.g., PA in the classroom, 

recess, physical education) may help children experience the positive physical, social, and 

emotional health benefits associated with PA engagement (Janssen & LeBlanc, 2010). However, 

traditionally, elementary children spend most of their day in a single classroom, which may be 

problematic since PA guidelines advise limiting sedentary time to no more than 60 consecutive 

minutes, followed by some form of PA. Therefore, the classroom should be a high priority to 

target within the CSPAP model, especially since children only accrue about 5% of their daily PA 

while in classrooms (Brusseau et al., 2011). Research suggests that children who participate in 

classroom PA are more engaged in the learning process (Erwin, Beighle, Morgan, & Noland, 



 13 

2011; Phillips, Hannon, & Castelli, 2014) and proportionally spend more time on academic tasks 

(Mahar et al., 2006) than children in sedentary classrooms. Likewise, children perceive 

classroom PA as enjoyable also perceive other class activities as positive (Howie, Newman-

Norlund, & Pate, 2014). 

Facilitators of Classroom PA. Multi-component educational initiatives are intended to 

be the collective responsibility of administrators, teachers, parents, school staff and the larger 

community if children are to be provided opportunities to meet the recommended amounts of 

daily PA. Research has confirmed that there are several facilitators, like classroom climate and 

teacher participation in PA, are linked to positive PA participation by the students (Ernst & 

Pangrazi, 1999). Specifically, the rate of PA participation in the classroom is enhanced when 

teachers engage in PA, rather than stand on the side or sit at their desk  

Classroom climate may also facilitate PA engagement. Class climate denotes the nature 

of interpersonal relationships among children and between teacher and child (Loukas, Suzuki, & 

Horton, 2006; Fraser, 1982). Specifically, class climate involves the interaction of several 

constructs including cohesion, friction, competition, and satisfaction (Fraser, 1982). PA 

participation has been shown to increase when children perceive a class as cohesive and task-

oriented rather than competitive (Solmon, 1996). Similarly, female perceptions of class cohesion 

have been linked to higher participation in PA. Additionally, perceptions of climate have been 

associated with enhanced enjoyment and competence in PA settings (Vallerand, 1997). To date, 

no known research has investigated the perceptions of class climate and PA engagement within a 

general education classroom.  

Barriers to Classroom PA. Today, public school teachers high administrative 

expectations, low public approval, external pressure to succeed, lack of teaching space, as well as 
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having a fear of managing PA and not being able to regain control of the children (McMullen, 

Kulinna, & Cothran, 2014; Cothran, Kulinna, & Garn, 2010; Naylor et al., 2006). In addition to 

environmental barriers, there are many personal characteristics of the educator that may preclude 

PA being offered in the classroom: (a) self-efficacy (Bandura, 1993), (b) past participation in PA 

and sports (Parks, Solmon, & Lee, 2007), (c) amount of experience in leading PA in the 

classroom (Cothran et al., 2010), and (d) personal time constraints related to preparation (Howie 

et al., 2012). Teachers faced with these barriers may find it difficult to take on the additional 

responsibility for children’s PA. Even though these workplace and personal issues exist, teachers 

are likely to overcome such barriers and implement classroom PA when an academic component 

is associated with the activity, it is easy to use, and they perceive that children enjoy the activity 

(McMullen, Kulinna & Cothran, 2014).   

The Study of School PA   

From the perspective of the whole-of-school approach, there is a paucity of research 

examining PA in schools (Tomporowski, McCullick, Pendleton, Pesce, 2015; Webster et al., 

2015). Given the lack of research, Webster and colleagues (2015) recommend that researchers 

accelerate the use of descriptive inquiry to examine the way classroom teachers are currently 

integrating opportunities to be physically active within the classroom. Both the lack of empirical 

data and measurable outcomes of PA in a classroom setting make specific, evidence-based 

recommendations difficult to define. As such, this research is both timely and warranted from a 

pedagogical and public health standpoint. 

 Considering the importance of offering PA during the school day as part of the CSPAP 

model, the purpose of this study was to investigate the implementation strategies and frequency, 

duration, and intensity of PA opportunities offered by classroom teachers. Additionally, this 
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study examined the unique characteristics of high- and low- PA video users and the climate in 

their classrooms.  

Methodology 
 

  An embedded mixed methods research design was utilized in this study because it: (a) 

allowed multiple paradigms to be applied to address the research questions, (b) increased the 

validity through triangulation, and (c) finally because a mixed methods design was a practical 

way to resolve an existing research dilemma (Creswell, Klassen, Plano Clark, & Smith, 2011). 

Specifically, an embedded mixed methods research design was employed to allow both 

qualitative and quantitative data to be collected simultaneously, and both individual and 

collective analysis of the data sources could be conducted during and after the collection period. 

Further, this research design provided insight into the process of integrating PA into the 

classroom setting. Multiple data sources were used to obtain child, teacher, and researcher 

perspectives about the classroom environment where PA opportunities were provided at different 

frequencies, durations, and intensities. 

Study Context  

 Two large urban school districts were recruited for participation in this study because of 

their access to PA videos and because the teachers had received professional development on 

how to integrate PA into the classrooms. At the beginning of the school year, the teachers in each 

of these districts had received two hours of professional development focused on how to access 

the virtual library of PA videos for the children to follow. In the library, there were videos of 

varying intensities and types of PA. Activities ranged from low-intensity stretching and yoga to 

high-intensity activities such as running, jumping, and sport replication. Some teachers utilized 

these PA video options as the substitution for physical education (i.e. which was only offered 
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every third school day), but teachers were not specifically required to do so. There were two 

required state mandates that applied to the use of PA videos: All teachers were required to 

provide (a) a health grade for each student and (b) to report the number of weekly PA minutes 

that were offered to each child (i.e. 135 PA minutes per week were required by state law). 

Positionality of the Primary Investigator 

The nature of qualitative inquiry involves inherent subjectivity because the researcher is 

the instrument (Creswell & Miller, 2000). As a former physical educator and basketball coach, 

the researcher has training and experience in managing active children in PA settings. This 

experience can make one partial to what he/she believes are best practices for providing PA to 

children and therefore introduce biases into the research process. The researcher has never taught 

elementary school-aged children in a classroom environment, only in a PA setting (e.g., a 

gymnasium, outdoors). Teachers in this study are graduates from a variety of teacher education 

programs and therefore have experienced different from the principal investigator regarding 

instructing and managing children. Although appropriate measures were taken to reduce 

potential biases, the positionality of the principal investigator may have influenced this inquiry.  

Participants 

 This study used purposeful sampling (Patton, 2002), recruiting participants from six 

schools located in an urban, minority-majority region of the United States.  These schools were 

known to use the PA videos to provide opportunities for PA in the classroom regularly. Schools 

on average were comprised of 40% receiving free or reduced lunch and were considered 

ethnically diverse, with no single ethnic group identified as the majority (Hispanic 40%, 

Caucasian 39%, African-American 7%, Asian 7%, with all other identified races collapsed into 

the category of other 7%).  
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 Forty-two elementary school teachers (first-grade classes, n =15; second grade, n =15; 

third grade, n = 7; fourth grade, n = 2; fifth grade, n = 3) volunteered to participate in the study. 

However, two first grade teachers opted out of the study midway through the school year, thus 

reducing the total number of participating teachers to 40. Teachers were predominantly female 

(e.g., there was only one male) and Caucasian. Teaching experience ranged from 1-28 years. 

Within their classes, 465 children returned letters of parental consent and active assent, as part of 

the required Institutional and School District Review process of approval to conduct research in 

schools (Appendix B).   

Instruments and Measures  

 This research utilized three quantitative measures in conjunction with interviews and 

observations to examine teacher perceptions of class climate, as well as child perceptions of class 

climate, PA enjoyment, and perceived competence. Participation in PA was measured 

objectively using accelerometry. 

 My Class Inventory (MCI). This instrument (Fraser, 1982; Loukas et al., 2006) is a 

four-subscale, 20-item assessment of class climate, which is defined as the interpersonal 

relationships between teacher-student and student-student in a classroom setting. Because the 

tool is age-appropriate for PreK through adulthood, it was used to capture both teacher and child 

perceptions of class climate. The subscales on the inventory include questions focused on 

cohesion (e.g., “All students in this class get along”), friction (e.g., “Students in this class always 

fight”), competition (e.g., “Students in this class race to see who can finish first), and overall 

satisfaction (e.g., “This class is fun”).  Participants were asked to identify their degree of 

agreement with each statement by using a 5-point Likert-type scale ranging from 5 (“Very 

True”) to 1 (“Not True at All). The estimates of scale reliability are acceptable with a range of 
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0.73 to 0.88 across the subscales, representing high internal consistency (Fraser, 1982). Mean 

correlations revealed high discriminant validity among subscales ranging from 0.13 to 0.30 

indicating that although there is some overlap, each subscale measures different classroom 

environment dimensions. The MCI has demonstrated the ability to distinguish between 

children’s perceptions nested within different classrooms with the proportion of variance 

attributable to class membership ranging from 0.18 to 0.31 across the subscales (Fraser, 1982). 

Identification of the classroom differences was particularly important for the present 

investigation as many classrooms were utilized across multiple schools and districts. A sum 

score was calculated for each child and used in subsequent analyses.  

 Intrinsic Motivation Inventory (IMI).  Items in the Intrinsic Motivation Inventory 

(IMI) were developed by using questions from a seven-subscale survey bank focused on 

assessing enjoyment and perceived competence in classroom PA (McAuley et al., 1989). 

Example items include (e.g., “I enjoyed doing physical activity in this class very much”) and 

(e.g., “I think I am pretty good at physical activity in this class”). Items were arranged on a 5-

point Likert-type scale ranging from 5 (“Very True”) to 1 (“Not True at All”). This inventory has 

demonstrated validity and reliable (α = .78) among this population and was selected to determine 

children’s motivation and enjoyment in classroom PA. Further, to align the survey with the study 

outcomes and confirm that is was an age-appropriate measure only the subscales of 

interest/enjoyment of PA in the classroom and perceived competence of PA in the classroom 

were included in the survey. Data were reduced based on the sum scores of each child.   

Accelerometers.  Actigraph GXT3 accelerometers were used to collect data on the 

triaxial, horizontal and vertical movement while participating in classroom PA. The 

accelerometers were initialized to collected data in 5-second epochs (Reilly et al., 2008) using 
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Actilife software to account for the short duration of the activity. Calculating the percentage of 

total time spent in MVPA during the activity reduced PA data. 

Accelerometers were selected as an objective measure of PA to allow the researchers to 

compare the different types of activities. To reduce the accelerometer data, the Evenson cut 

points for moderate to vigorous physical activity (MVPA) were applied to align with 

recommendations derived from research on children of similar age. Evenson cut points have 

been observed to provide the most accurate account of children’s PA, while other cut points may 

artificially inflate the PA intensity for this age group (Trost, Loprinzi, Moore, & Pfeiffer, 2011). 

Further, accelerometers have demonstrated appropriate validity and reliability as an objective 

measure of PA in similar contexts (Welk, Schaben, & Morrow, 2004). 

Procedures 

 Once Institutional Review Board, district, and school site approval were secured, there 

were multiple days of data collection that involved teacher interviews, clasroom observations, 

survey dat, and accelerometery measure of PA. 

 Teacher Interviews. To understand the climate of each classroom and how the teachers 

were providing opportunities for children to be physically active, 33 teachers (i.e., seven teachers 

declined or were unavailable during the scheduled audio-recorded interview time but otherwise 

engaged in informal conversations) were interviewed individually or participated in grade-level 

focus groups during a team planning session. Data from the teacher interviews provided the 

researcher with insight as to what may be occurring in each classroom, before the first visit into 

that setting.  

 Teacher interviews consisted of six questions with follow-up prompts. The questions 

were focused on teacher usage (i.e., frequency, intensity, duration, and type) and perceptions of 
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the PA videos, applications of the professional development, strategies surrounding the 

implementation of the PA videos, and perceived facilitators and barriers (Appendix D). All 

interviews were conducted in a quiet, private space at the teacher’s school and took 

approximately 20-35 minutes. Interviews were audio recorded and transcribed verbatim with 

prior consent specifically for audio recording secured from each of the participants. Interview 

questions were developed with the intent to obtain a deeper understanding of the instructional 

strategies used in making decisions about offering classroom PA opportunities. Questions were 

designed to examine teacher practices including facilitators and barriers for classroom PA. The 

primary investigator conducted all interviews.  

  Observations. Following teacher interviews, each teacher created a tentative schedule 

for researcher observations. On pre-arranged dates, a member of the research team observed the 

class to obtain a richer understanding of teacher pedagogical practices when delivering PA. 

Before an observation, teachers did not receive any instruction about which videos to use or how 

to conduct a PA session. In total, there were 80 observations performed across one school year. 

Observations were recorded as field notes (Patton, 2002) and interpreted through weekly 

research team debriefing, thoughtful commentary, and ongoing evaluation coding.   

 The intentions of the observations were to get a better understanding of the 

implementation strategies, video selection of the teachers, timing of the delivery, as well as to 

observe how children responded to the activity. Specifically, observations examined the 

arrangement of the classroom, teacher routines, and procedures for facilitating classroom PA, 

what the teacher did while the videos were playing, engagement of the children, and the presence 

and nature of teacher reinforcement of PA through positive and corrective feedback. In sum, the 
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observations were intended to substantiate that the teacher’s delivery of PA was congruent with 

self-report data derived from interviews, as well as a confirmation of fidelity of the treatment. 

 Teacher Reports. In addition to teacher interviews and observations, teachers completed 

a short eight-question online survey concerning the frequency, intensity, and type of PA video 

usage. The survey also included reasons for usage of the videos, time of day when typically used, 

and any additional information the teacher would like to share with the researcher. Teachers 

completed the online surveys in the middle and at the end of the school year.  

 Surveys. Following the teacher interviews and immediately after the first observation, all 

participants completed the My Class Inventory (MCI) and Intrinsic Motivation Inventory (IMI) 

surveys. On the second classroom visit, children were familiarized with and wore accelerometers 

while participating in PA videos selected by the teachers as a means of confirming the intensity 

of each PA video. 

Data Analysis  

 Following an embedded mixed-methods data analysis process, quantitative and 

qualitative measures were individually and collectively analyzed in an ongoing manner 

(Creswell, 2002). Broadly, data were analyzed in three steps with the objective of building 

teacher profiles through consideration of all data sources. 

 Survey and PA data. First these data were analyzed by the data source, specifically to 

address the research questions about the PA duration, frequency, type, and intensity. Data were 

reduced to total time spent in MVPA and sum scores of surveys for each participant. Normality 

was confirmed through confirmation of acceptable skewness and kurtosis. Pearson Product-

moment correlations were calculated to determine the association between class climate, 

enjoyment, competence, and intensity of PA. Analysis of Variance (ANOVA) was calculated to 
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determine if there were any gender differences in perceived climate, enjoyment, and 

connectedness. 

 The accelerometer data were analyzed for each child by determining the percentage of 

time spent in MVPA for each PA session. A linear regression was calculated to examine how the 

variables of climate, enjoyment and connectedness predicted the proportion of time spent in 

MVPA.  

Inductive Analysis 

The second step of analysis involved the merging of the data sources and collective 

analysis across the sources. The culmination of teacher profiles in this study reflect the iterative 

process of identifying and refining emerging patterns, deviations to developed trends, and 

combined quantitative and qualitative findings. Since teacher interviews were conducted first, 

initial patterns were identified and recorded using just this data source. For example, if a teacher 

expressed enthusiasm for classroom PA, and affirmed the use of PA videos multiple times per 

day, she was initially categorized as a high implementer. Though this categorization was 

preliminary, as these first-cycle codes (Miles, Huberman, & Saldana, 2013) may have shifted 

with each data sources collected and interpreted.  

The researcher used several strategies to increase the trustworthiness of the results 

(Merriam, 2002). This study used multiple data sources from both teachers and children 

(interviews, focus groups, surveys, observations, and accelerometers) to better understand the 

various factors associated with classroom PA (Lincoln & Guba, 1985). Trustworthiness was also 

enhanced through member checks by returning interview transcriptions for review and 

clarification to ensure participant interview responses were accurately recorded and 

representative of their beliefs (Lincoln & Guba, 1985).  
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Coupled with self-reflection, research team debriefing was instrumental in identifying 

and refining emerging patterns through constant evaluation coding (e.g., “the teacher did not 

appear comfortable with children moving in class”; Miles et al., 2013). Though the primary 

investigator had no prior experience teaching elementary children in a classroom setting, a co-

investigator with experience as an elementary classroom teacher and school administrator was 

regularly consulted throughout the study and could thereby provide additional insight and 

alternative perspectives. As patterns were identified and refined, quantitative data were utilized 

to support and confirm qualitative findings. 

Results 

 The total length of PA engagement ranged from four to six minutes. The number of 

opportunities ranged from zero to 15 in a week. Children spent an average of 25% percent of the 

total PA time (M = 0.25; SD = 0.22) engaged in MVPA per session (or approximately one and 

half minutes). Given the number of opportunities, some children participated in just under four 

additional minutes of MVPA, while many students engaged in far less. Eighteen classes 

participated in dance videos, sixteen teachers selected yoga-like videos and five classes engaged 

in videos of a running/dodging nature. Teacher implementation of classroom PA ranged from 

non-implementation to multiple PA sessions per day, with the amount being selected by the 

teacher. 

The mean scores and standard deviations for class climate and the perceived 

interest/enjoyment and perceived competence of classroom PA (IMI) are shown in Table 1. The 

t-tests further confirmed that there was no significant difference between the teacher and child 

perceptions of the classroom climate (p < 0.01). Correlations between teacher climate scores and 

child climate scores were significant (r = 0.31, p < 0.01), but moderate, suggesting significant 
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congruence between how the teachers and children perceived the climate of the classroom. 

Analysis of Variance (ANOVA) revealed no grade-level differences among climate scales when 

controlling for sample size in each grade. 

Table 2 represents correlations among class climate variables and objectively measured 

PA. The MCI and IMI scales were significantly correlated (r = 0.22, p <0 .05) indicating that 

perceived enjoyment and competence was associated with overall perceptions of climate. 

Significant associations between teacher (r = 0.20, p < 0.05) and child (r = 0.23, p < 0.05) MCI 

scores and percentage of time engaged in MVPA suggest children in classrooms with perceived 

as positive participated in PA at a higher intensity than children in classrooms with low climate 

perceptions.  

Teacher Profiles 

 The categories described represent the previously described inductive process of 

categorizing teachers in combination with corroborative survey and PA data. Profiles in this 

context represent a set of attributes, values, beliefs, or behaviors, which produce certain 

outcomes. Three teacher profiles for implementing classroom PA emerged from the data 

analysis: Dynamic Providers (n = 9), Convenient Adopters (n = 28), and Lost Managers (n = 3) 

(see Table 3). 

Dynamic Providers 

Energetic and frequent PA involvement characterized the Dynamic Providers who 

provided children with PA opportunities daily at a moderate to vigorous intensity. Children (M = 

77.81; SD = 10.76) and teacher (M = 77.70; SD = 9.51) perceptions of class climate were 

positive and congruent. Children reported high enjoyment and competence (M = 49.09; SD = 

11.64).  Also, children in Dynamic Provider’s classrooms spent 36% of time engaged in MVPA 
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during PA sessions, while children in Convenient Adopter’s and Lost Manager’s classrooms 

spent 20% and 27% of time engaged in MVPA, respectively. 

  Dynamic Providers offered PA opportunities for children multiple times throughout the 

day. Many of these activities caused children to sweat and get a drink, and most of all children 

were enthusiastically engaged (confirmed by observation and accelerometer data). Even though 

these teachers fostered active classrooms, all nine admitted initial apprehension with the idea of 

children “exercising” in class when school administrators originally encouraged them to adopt 

this practice. Sherry, a first-grade teacher in her third year who regularly engages children in PA 

in the classroom expressed her initial reluctance to using the PA videos stating, 

 When I first saw [the PA videos] it was about a year ago, and I created an account, and I 

didn't use it because I was too scared. I thought, ‘this is going to make my class even 

crazier [loud voice inflection]! I do not need this! They are already crazy enough!’ But I 

started using it, and then I just realized it just had the opposite effect. It just made them 

calmer, more focused, and ready to take on the next learning task (Teacher 2, School 1).  

All teachers in the study (n = 40) indicated (formally or informally) that they had 

experienced initial concern that the children would not be able to calm down following MVPA. 

Nine of the 40 teachers elected not to use the higher intensity videos until they had established a 

comfort level and had created classroom routines. As suggested by Sherry, the teachers in this 

category shared the perspective that when the children could “get the sillies out,” with PA, the 

children were calmer during learning time.  

 Dynamic Providers were also assertive managers and used traditional management 

techniques like routines, established classroom procedures, and proximity control for PA that 

paralleled their classroom management for other class activities. Although teachers did not move 
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the desk or school supplies to make room to participate in PA, the children found appropriate 

space and often adapted this location to the demands of the PA (e.g. dance with lateral movement 

requirement more space to the left and right). In one classroom, three third-grade girls were 

laughing and dancing aggressively in the back of the room. The teacher, explained, “Oh they do 

this all the time. I know these girls need to move and so I let them do it as long as they are under 

control” (Teacher 32, School 5). 

 Another common characteristic of Dynamic Providers was their belief that children 

“needed” more PA during the school day. Candace, a first-grade teacher, designated a specific 

time each day for children to participate in PA via the more active videos because she felt the 

children at her school did not receive adequate PA throughout the school day. She said,  

Maybe it's bad of me, but I make sure they get fitness every morning. We don’t even start 

our work until 8:00 [class begins at 7:45] because I want them to wake up and get  ready 

for the day so I’ll put on the fitness videos and do it right along with them, every day 

(Teacher 21, School 3). 

 Dynamic Providers demonstrated the ability to influence children’s PA not only in their 

classrooms but throughout the school and community. Vanessa runs marathons and routinely 

tells the students in her class about her training and races. She purposefully trains in the 

neighborhood before and after school to encourage a healthy lifestyle for children and their 

parents, and at the end of the school year, she invites both parents and children for a fun run 

around the lake. Pamela displays the accumulated classroom PA minutes of children throughout 

the classroom and regularly sends reports to parents encouraging children to be active at home. 

Sherry initiated a grade-level research project to explore children’s behavior following bouts of 

classroom PA. She has helped not only her first-grade team, but other colleagues recognize the 
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benefits of getting children active throughout the school day. Diana, Rachel, and Noemi 

enthusiastically share resources and ideas with colleagues and parents alike and became key 

points of contact for this research, helping to coordinate meeting times, interviews, and 

classroom observations at their schools.  

 Perhaps the most visible example of a teacher positively influencing PA throughout the 

school is Noemi from Brian Elementary. Noemi challenged her grade-level team to participate in 

“brain breaks” together regularly. The second-grade classrooms at Brian Elementary are 

connected by four inside doors so that when opened, one can see into any of the given 

classrooms at the same time. The entire second-grade team turns on the same video and all the 

children complete the activities together.  

Convenient Adopters 

Accessibility and ease of access (i.e. the computer and projection system were already in 

the classroom, the teacher just need to select the video to be displayed) characterized this profile. 

Further, the teachers in this group preferred to offer light to moderate intensity PA (e.g. 

stretching, yoga) over PA that was MVPA (e.g. jogging in place and dancing). Teachers (M = 

74.13; SD 8.17) and children (M = 67.94; SD = 14.59) perceived moderate to high class climate 

and moderate enjoyment and competence (M = 44.44; SD = 11.74).  

 The inconsistency of delivery and low-intensity of PA exemplified their daily and weekly 

practice. Convenient Adopters represented a majority (n = 28) of the teachers in this study. Even 

though they utilized PA videos multiple times per week, sometimes daily, involvement for these 

teachers in PA was inconsistent. Unlike Dynamic Providers, teachers in this profile did not make 

PA a daily routine for the children in their classes nor did they apply their typical management 

strategies. None of these teachers (n = 28) openly opposed the higher intensity videos but they 
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were non-committal to use those PA videos regularly. Clara, a second-grade teacher in her fifth 

year who recently began including PA in her classroom fundamentally supports the idea of 

classroom PA but often avoids the more active videos. She stated,  

I’ve learned that sometimes you can’t do the highest paced, like the highest impact stuff. 

It’s great cuz they’re like squatting, and you know doing all the like, the music is like 

fast, but they have a hard time coming back down from the high and being able to focus. 

So, I’ve searched and found more of the like, reflection, talking about what your body is 

doing, and that gets them moving and stop thinking about school and then they are able to 

come back down from that . . . even though they like the dancing ones, I struggle with 

calming them down…” (Teacher 1, School 1). 

Clara’s statement represents a general pattern for implementing PA into the classroom 

among many (n = 28) of the teachers in this study. Convenient Adopters preferred to engage 

children in yoga, stretching, mindfulness, and other calming activities. These teachers did utilize 

the higher-intensity videos on occasion; however, interview data confirmed a general 

apprehension for introducing any activity that would cause the children to “not come back” to 

engage in academic tasks. When higher-intensity activities were utilized, they were typically 

immediately preceding recess, at the end of the school day, or sporadically in the morning if 

children were especially tired. At least three of the teachers casually mentioned that the end of 

the school day was the ideal time to use the higher intensity videos so that after the activity was 

over the teacher could “send [the children] home happy,” rather than having to calm the children 

back down.  

During the observations, it was noted that Convenient Adopters would occasionally 

participate with the children and then become distracted by another task. The teachers prepared 
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handouts, straightened books, or otherwise prepared for the next learning task while children 

participated in the videos. When researchers arrived to observe children’s classroom PA, a third-

grade teacher presented the video on the screen and said, “I’m glad you are here to observe, it 

gives me time to get my papers graded” (Teacher 26, School 4).  

  Though children appeared to be “busy, happy, and good,” (Placek, 1983) teachers were 

not assertive in their management of PA and often grouped the children near the projector screen 

where children bumped into one another while participating. Further students we left to take 

initiative regarding the degree to which they would engage. For example, when one boy 

complained because he could not see, the teacher replied, “If he cannot see, he just needs to 

move up front” (Teacher 4, School 1). Convenient Adopters integrated the PA videos to calm 

children, get some “me time,” and let the children experience joyful, valuable PA just before 

they went home. 

Lost Managers 

Lost Managers were characterized as rarely providing children with any form of PA in 

the classroom setting. Teachers (M = 53.10; SD = 5.06) and children (M = 61.43; SD = 17.22) 

perceived a low-class climate with teacher’s reporting lower climate than children in their 

classes. Though not significant F(1, 28) = 20.17, p = 0.059, this may be attributable to the low 

sample size for Lost Managers. In addition, children’s enjoyment and competence was low (M = 

35.57; SD = 14.21).  

Chronic frustration characterized the teachers in this profile. It seemed to be tough for 

some teachers (n = 3) to get the children to comply with instructions. These teachers rarely 

interacted with the children while the videos were playing and favored stretching, yoga, or 

meditation videos. During the observations, teachers did not utilize proximity control or give a 
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quiet verbal warning to individual children. Also, the teachers (n = 3) did not include PA space 

in the setup of their classroom, nor did they encourage the students to find his/her own space.  

 Lost Managers seemed to exhibit the same fears of losing control as the other teachers 

but tended to attribute their lack of classroom PA implementation to the nature of the videos or 

chance. When asked why she does not utilize classroom PA, Jenine, a second-grade teacher in 

her seventh year, explained, “With the mix of kids that I get I just found that [the videos] were 

too silly for the classroom” (Teacher 31, School 5). During a follow-up visit, Jenine counted off 

children one-by-one and placed them at the front of the room just a few feet away from the 

screen. The wait time led to children pushing one another. The teacher quietly explained to the 

researcher, “We don’t do [PA] in this class because we have some kids who act a little crazy.” 

The teacher exhibited frustration and seemed unable to draw upon any managerial strategies to 

help calm the students. Another second-grade teacher, Miranda, likewise attributed the lack of 

PA in her classroom to the attributes of the children. She said, “They love the high-energy 

[activities], but [the children] do not have the impulse control to handle them right now” 

(Teacher 24, School 4). 

Sarah was a first-grade teacher in her first year of teaching. She was reluctant to use PA 

in her classroom because the notion of “back to academics” left children feeling less enthusiastic 

about academic time. She explained, 

What I find a struggle is the negativity that comes with ‘ahhhhh man we are done [when 

the PA video ends], I hate that because . . . it takes away from the purpose of the activity, 

getting them up and moving because they are already thinking ‘oh we are not going to get 

to do this all day’ so it’s negative. The next task has a negative blanket on it (Teacher 14, 

School 2). 
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She also said,  

We’re here trying to encourage, [you know] read yourself, write. . . that becomes coated 

with this negativity. . . you want them to be excited about writing or reading and then all 

of the sudden I’m trying to be the cheerleader for writing [because PA videos are more 

fun than writing] (Teacher 14, School 2). 

Sarah’s response provided a unique perspective and insight that was different from the other 

participants. She is a Lost Manager, not because she was concerned about managerial issues 

related to PA in the classroom, like other teachers in this category, but instead she elected not to 

provide PA in the classroom because it competed with a student’s love of learning other 

academic subjects. 

Discussion 

 This study utilized an embedded mixed-methods approach to identify teacher profiles for 

classroom PA implementation. Three profiles of teacher implementation of classroom PA were 

revealed in the analysis, derived inductively from a combination of quantitative and qualitative 

data sources.  

  Teachers categorized as Dynamic Providers engaged children in multiple bouts of daily 

PA while simultaneously upholding behavioral and academic expectations, maintaining a 

positive class climate, and motivating children to participate at a higher intensity per short 

activity session. Teachers who effectively incorporated PA into their classrooms simply 

approached PA time as they did other class activities. For Dynamic Providers, PA was not 

portrayed as “time off,”; but rather the teachers remained engaged with the children throughout 

the activity. Dynamic Providers demonstrate the possibility for a classroom teacher to attend to 

both academic and health concerns in each school year. 
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 To varying degrees, and consistent with previous research (McMullen, Kulinna, & 

Cothran, 2014), participants admitted initial (or continuing) reluctance to incorporate classroom 

activities where children were running, jumping, or otherwise “chaotic” for fear of both 

management issues as well as a delayed return to academic content. These findings suggest 

however that the initial hesitancy to fully embrace routine classroom PA implementation may be 

at least partially modifiable, as nine of the teachers had done so.  

Professional Development  

 Most of the teachers (n = 38) fundamentally supported the notion of active classrooms, 

but only some (n = 9) regularly employed the higher intensity PA videos. Since none of the 

teachers had received training specific to managing active children, it is possible that teachers 

lacked the self-efficacy necessary to be comfortable using the higher-intensity videos. Scholars 

have suggested that teacher training may enhance implementation of classroom PA. However, 

best practice for conducting these training is currently unknown, as no guidelines have been 

developed for teachers on classroom PA. The results imply that enhanced professional 

development, particularly focused on the needs of the teachers in a specific context, would have 

positive benefits. It has previously been suggested that training should be delivered as a bottom-

up approach or expert down the hall, where teachers train one another (Howie et al., 2014), given 

the limitations associated with top-down PD that does not align with a teacher’s daily routines 

(Castelli et al., 2014). Specifically, teachers with more experience integrating PA into the 

classroom mentor the less-experienced teachers (Donnelly et al., 2017). Noemi’s example at 

Brian Elementary would support this approach as her influence on her second-grade team 

eventually created a climate where all teachers and children could share in the activities together.  
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 A valuable alternative would be to have PD opportunities be introduced at incremental 

(Howie et al., 2014) stages that include observations by which an inexperienced teacher (teacher 

A) is given the opportunity to observe another teacher (teacher B) who already integrates PA into 

the classroom on a regular basis. Also, teacher B could merge the two classes together and have 

her students teach the student in the other class how to get ready, participate and transition back 

to academic time. Regardless of the strategy used to provide professional development, findings 

from this study suggest that teachers who are comfortable with active classrooms and who have 

collegial support are more likely to regularly implement PA into their classrooms. 

Considerations of Climate 

 The role of classroom climate in this study has relevance to the implementation of the 

WSCC model because the model places emphasis on the social and emotional climate of both 

schools and classrooms (Durlak et al., 2011). These results suggest an association between 

enjoyment and climate with the intensity of engagement (MVPA) per session of PA. Moreover, 

children in the classrooms with Dynamic Providers significantly perceived the class climate as 

more positive and enjoyable than classrooms led by teachers in the other classifications. Despite 

these positive connections, because this study was quasi-experimental, it is not possible to 

determine the causation of the positive climate. 

 Since the 1960’s researchers have examined the association of perceptions of class 

climate and learning outcomes (Walberg & Anderson, 1968). Learning outcomes are observed as 

positively correlated with perceptions of class cohesiveness and overall satisfaction and 

negatively associated with perceptions of friction (Fraser, 2012; Haertel, Walberg, Haertel, 

1981). It is worth noting that teachers in this study that utilized classroom PA multiple times per 

day and actively participated with children in the activities also had high climate scores (teacher 
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and child), while children and educators in more sedentary classrooms reported low perceptions 

of climate. Given these findings, it is possible that when children are provided frequent 

opportunities to be physically active intermittently throughout the school day, they may be more 

likely to expend energy positively rather than engaging in behaviors that produce friction and 

competition. It is also possible that a positive climate in the classroom makes is easier to 

integrate PA opportunities. Because positive classroom climate has been linked to enhanced 

learning outcomes (Durlak et al., 2011), more research is needed to better understand the impact 

of regular classroom PA engagement on overall perceptions of class climate.  

  Of the forty participating classes, children in the classrooms of Dynamic Providers were 

more likely to participate in the physical activities and engage at higher-intensities of PA than 

children who were in classrooms of teacher who fell into other categories. These behaviors are 

consistent with research findings from physical education classes. It has been observed that 

children who perceive a safe and task-oriented climate in physical education are more likely to 

engage in PA than children who perceive a climate of competition (Zhang, Solmon, Gu, 2012; 

Vallerand, 1997; Solmon, 1996). Given that PA in classroom settings is typically of short 

durations (Howie, Shatz, & Pate, 2015), it is important that teachers maximize the PA 

participation of children within that short amount of time and focus on the idea that each minute 

a child engages in MVPA represents a positive contribution to the recommended daily amount of 

60 minutes. 

Deficit Thinking 

  Teachers in this study participated in the same training for how to use the videos and had 

access to the same resources and used the same PA program. Some teachers elected to 

implement and promote classroom PA as an extension of their teaching practice, while others did 
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not. Perhaps this was most noticeable with the three Lost Managers. Those categorized as Lost 

Managers expressed reluctance to incorporate PA into the classroom perhaps because they 

perceived that it would be difficult to calm down the children following the activity. While 

teachers in the other two profiles reflected an apprehension about management, only the Lost 

Managers attributed the lack of classroom PA to the characteristics of the children. 

Corroboratively, Lost Managers recorded the lowest class climate scores and were the only 

group reporting lower climate scores than the children in their classrooms. By externalizing their 

reluctance on to the children’s behavior, this may be a representation of deficit thinking, which 

involves the belief that children’s behavior is fixed and failure in school is a byproduct of 

internal deficiencies (Valencia, 1997). 

Perhaps Lost Managers felt that the children should be able to control their own behavior 

and that taking time to establish and hold student accountable to classroom routines and 

guidelines was an efficient use of time. Though more research is needed to decompose these 

findings further, it is conceivable that the children in this study, who were offered the least 

amount of PA within classrooms, may have benefitted the most regarding on-task behavior. 

Previous research has provided evidence that the children most likely to be disruptive in class 

demonstrate the greatest improvement in time-on-task during academic learning after engaging 

in an acute PA bout (Mahar et al., 2006).  

Conclusion 

 The WSCC proposes that schools place a shared emphasis on academic and health 

outcomes, particularly among elementary-aged children. Since PA has health benefits, all school 

faculty share in the responsibility to advocate for children’s health. Classroom PA is a feasible 

way to increase children’s PA, and videos have provided teachers resources for implementation. 
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Children’s and teacher’s perception of class climate is variable and correlated with the PA 

engagement of children. Future research could examine the most effective PD strategies to 

increase teacher’s self-efficacy at providing PA for children within a classroom setting. These 

PD opportunities might also provide teachers with training for disrupting deficit thinking while 

challenging the practices of traditional sedentary classrooms. In addition, an untapped area of 

research in this context involves examining children’s voices (Graham, 1995) to understand 

better those conditions and activities which foster perceptions of positive climate, enjoyment, 

and enhanced PA engagement within a classroom setting.  
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Table 1 

Descriptive Statistics across Climate Scales and Perceived Interest/Enjoyment and Competence 
Scale by Gender 

 n Girls Mean SD n Boys Mean  SD 

MCI (s) 97 72.40 14.42 90 69.94 14.23 

MCI (t) 31 73.90 10.15 N/A N/A N/A 

     IMI  142 46.53 11.98 174 44.19 12.51 

 

Note:  Climate (s) = student climate; Climate (t) = teacher climate; IMI = Intrinsic Motivation 

Inventory.  
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Table 2 

Correlations among Climate Scales, and Perceived Interest/Enjoyment and Competence Scale, 

and Physical Activity 

 

 
Note: MCI (s) = My Class Inventory student; MCI (t) = My Class Inventory teacher; IMI = 

Intrinsic Motivation Inventory; (% time) = percentage of moderate to vigorous PA in one bout of 

PA.  

a p < .05 

b p < .01  

 MCI (s) 

n =188 

MCI (t) 

 n =31 

IMI  

n = 312 

(% time)  

n = 249 

MCI (s) __ .31b .22a .23a 

MCI (t)  __       .07       .20a 

IMI  

(% time) 

  __ .12a 

__ 



 46 

Table 3 

Teacher Profiles by Data Source 

Data 
Source/ 
Cut point 
 

Teacher 
weekly 
reports 

Teacher 
weekly 
reports 

PA 
(Mean/
SD) 

IMI  
survey 
(Mean/
SD) 
 

MCI  
survey 
(Mean/ 
SD)  

Teacher 
interview 
 

Observation 

Profile 
Name 

PA 
Frequency 
(Days/Wee
k) 

PA Duration 
(Time/Day) 

PA 
Intensit
y 
(PA 
time in 
MVPA, 
%) 

Total 
score  

Total score 
(Child/ 
Teacher) 

PA 
Frequency 
(Days/ 
Week)/ 
Intensity 
(video 
type) 

Spacing  
 /Teacher 
Participation/ 
children 
engagement in 
PA  

Dynamic 
Providers 

Five, 
multiple 
times per 
day 

Throughout 
the day, all 
video types 

36.13 
(21.88) 

49.09 
(11.64) 

Child  
77.8 (10.7) 

 

Teacher 
77.7 (9.5) 

Multiple 
times 
daily/vario
us video 
types 
(dancing, 
jumping, 
dodging)  

Adequate 
spacing 
/teacher 
participation/
most or all 
children 
engaged in PA 
 

Convenient 
Adapters 
 
 
 
 
 
 
 
 
 
 
 

Three to 
five days 
per week 

Morning, 
prior to end 
of school 
day or 
calming 
videos 
following 
lunch and 
recess 

20.33 
(21.11) 

44.44 
(11.74) 
 

Child  
67.9 (14.5) 
 
Teacher 
74.1(8.1) 

Three to 
five days 
per 
week/low 
intensity 
(stretching 
with 
periodic 
higher 
intensity, 
dance) 

Lack of 
spacing/  
lack of teacher 
participation/  
some to most 
children 
engaged in PA 

Lost 
Managers 

Did not 
offer PA or 
reported 
only using 
meditation 
videos 

Did not 
offer PA or 
reported 
only using 
meditation 
videos 

27.35 
(21.83) 

35.57 
(14.21) 

Child 
 61.4 (17.2) 
 
Teacher 
53.1 (5.0) 

Did not use 
classroom 
PA or used 
quiet 
meditation 
to “focus” 
children 

Lack of 
spacing/lack 
of teacher 
participation/s
ome children 
engaged in PA 
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STUDY 2: ACUTE CLASSROOM PHYSICAL ACTIVITY AND EXECUTIVE 

FUNCTION AMONG CHILDREN 

 
ABSTRACT 

 
Purpose: The purpose of this study was to determine how an acute bout of physical 

activity (PA) effects executive function (i.e., attention, working memory, and cognitive 

flexibility) among elementary school children.  

Methods: Children (n = 465, 47% female, aged 7.9 ± 2.2 years) recruited from two 

districts and six schools participated in this study. To assess components of executive function, 

the participants completed four cognitive assessments: (a) timed mathematics test, (b) Trail 

Making Test (TMT), and (c) a visual memory task. Intact classes were randomized into treatment 

(high-intensity; n = 22) and control (low-intensity; n = 18) and participated in a five- to six-

minute bout of PA, while wearing accelerometers. Following the PA session, cognitive measures 

were repeated. The children also completed climate surveys to control for potential confounding 

variables.  

Results: Accelerometer data revealed children who participated in the PA of higher 

intensity (e.g., dance) on average accumulated significantly more steps (p < .001), and spent 

more time engaged in MVPA (p < .001) than their peers in the lower intensity group.  

A series of hierarchical linear regression analyses revealed that the percentage of time 

spent in light, moderate, or vigorous PA did not significantly predict the outcomes of the 

cognitive measures after controlling for school and class variables, though moderate PA was 

trending toward significance on the TMT-B task.  

A 2-way repeated measures ANOVA, controlling for school, class, and climate, did not 

reveal significant interactions between group and sessions in this analysis as signified by F(1, 
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358) = 3.11, p = 0.08 for math, F(1, 380) = 0.66, p = 0.79 for TMT-A, F(1, 236) = 0.01, p = 0.91 

for TMT-B, and F(1, 396) = 1.57, p = 0.21 for the visual memory task.  

Conclusions: There were no significant between-group differences concerning the 

intensity of PA engagement and cognitive performance. While not significant, the percentage of 

time engaged in moderate PA in brief sessions of PA produced higher scores on math, TMT-B, 

and visual memory task compared to time spent in light or vigorous PA. More research is 

needed, as this is the first known study to examine PA intensity in short bouts in a classroom 

setting using objectively measured PA, while controlling for class climate. However, these 

findings may provide fundamental insight relative to the intensity of PA in classrooms and 

subsequent cognitive performance.   
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 Physical activity (PA) is associated with many benefits for children, including weight 

control, decreased the risk of Type 2 diabetes, stress reduction, and increased self-concept 

(United States Department of Health and Human Services [USDHHS], 2008; Biddle & Asare, 

2011). Despite such benefits, children fall short of meeting the PA guidelines necessary for 

optimal health (Eaton et al., 2010; Troiano et al., 2008). Most youth attend schools, and therefore 

this is an ideal place to provide PA opportunities that can reduce the risk for disease, yet the 

school environment has become increasingly sedentary (Basch, 2011). 

 Given the focus on academics in schools, the ASCD has recommended that schools 

implement a Whole Child approach, broadening the definition of academic achievement to 

encompass health-oriented goals with a focus on preparation for the future (ASCD, 2007).  

The Whole Child approach has now been revised to the Whole School, Whole Community, Whole 

Child Approach (WSCC; see http://www.ascd.org/programs/learning-and-health/wscc-

model.aspx). Because PA is a major component in children’s growth and development as well as 

overall health, the Institute of Medicine (IOM, 2013) endorses a whole-of-school approach to 

children’s health whereby the entire school staff operates in conjunction with all stakeholders to 

increase children’s daily PA opportunities while at school. The IOM identifies a Comprehensive 

School Physical Activity Program (CSPAP) as one example of a whole-of-school approach 

because it supports the infrastructure to provide PA opportunities before, during and after the 

school day and because it identifes five points of intervention (Centeio et al., 2014). The 

opportunity for all school staff to assist in providing PA while at school may necessitate 

redefining and reconsidering respective roles in that process, both within and without formal 

physical education (Sallis et al., 2012). 
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The Classroom in a Whole-of-School Approach 

 Although PA opportunities should be offered at multiple times throughout the school day, 

children spend a majority of their school day in classrooms, which have traditionally been 

sedentary spaces. However, some teachers have begun to utilize short bouts of PA of varying 

intensities (sometimes termed “brain breaks”) to increase PA in the classroom even though 

anecdotal evidence suggests teachers may use physical activities more for behavioral reasons 

than concerns for student’s physical health (Greico et al., 2009).  

 Evidenced-based practice focused on providing PA opportunities within the classroom, 

suggests that there are three primary ways for this to occur: (a) teacher-led, (b) child-led, (c) 

video-delivered, and (d) having equipment present as an indirect facilitation of PA participation 

(Adams-Blair & Oliver, 2011). In a classroom, teachers have the autonomy to develop daily 

routines and the instructional strategies for delivery of the content. Of relevance to this study are 

the individual responsibilities of elementary school teachers, with whom children spend most of 

their day. The method of PA integration may not have as much relevance since research indicates 

that daily PA among children can improve significantly when classroom teachers foster active 

classrooms (Erwin, Beighle, Morgan, & Noland, 2011). For example, in a study where the 

teachers led the PA by following activity cards (Donnelley et al., 2011), there was a significant 

increase in PA engagement across the 24 schools.  Delk and colleagues (2014) used child-led 

activities as the primary source of classroom PA and discovered that teacher self-efficacy for 

incorporating classroom PA increased in relation to the frequency of exposure. While video-

based PA lessons have been used to facilitate PA and health behaviors in middle school 

classrooms (Frenn et al., 2005), less is known about the effects in elementary school classrooms. 

Finally, the provision of equipment, such as stability balls in the classroom, has significantly 



 51 

increased PA (Adams-Blair & Oliver, 2011). Although teachers have some flexibility in how to 

provide PA in the classroom, one consistent feature in the research is having the teacher model 

or participate with their children in the activities, instead of doing paperwork at the desk while 

the students are participating the PA (Ernst & Pangrazi, 1999; Morgan et al., 2007).   

Physical Activity and Executive Function 

 Along with the known physical benefits of PA in children (Strong et al., 2005), there are 

cognitive gains related to PA participation among children. Executive function (EF), as “a family 

of top-down mental processes needed when you have to concentrate and pay attention” 

(Diamond 2012, pg. 136), is essential for success in school. Involving many subcomponents, 

including attention, working memory, inhibitory control, and cognitive flexibility (Miyake, 

2000), EF is refined during maturation up until near the third decade of life. Attention involves 

general recruitment of neural resources and serves as the gatekeeper for most cognitive processes 

(Norman & Shallice, 1986), playing a major role in the processing of information, by drawing on 

alerting and orienting processes. The awareness and prioritization of stimuli are considered 

alerting processes. While orienting is the sorting of information based on the general sensory 

input. Both alerting and orienting contribute to attention among children (Swanson & Lee, 2006). 

Attention can be measured independently or as part of EF (e.g., Trail Making Test, visual recall). 

Working memory involves simultaneously holding information in short-term memory 

while manipulating the information to determine if it should be stored in the long-term memory 

(Smith & Jonides, 1999). Working memory can be measured by recalling information that was 

recently introduced (i.e. as little as a few seconds or as much as a few days). Children need 

working memory to acquire language and interpret math problems (Diamond, 2012). Further, 
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children use working memory to recall teacher instructions and carry out directives, as part of 

informed decision-making. 

Inhibitory control is the ability to override or block expected behavioral responses or 

impulses (Kamijo et al., 2012). This voluntary regulation of attention is essential in busy 

classrooms, as many possible distractions are unrelated to what the child should be doing (e.g. 

the pencil sharpener, moving of the chairs, other children talking). Self-control, as an aspect of 

inhibitory control, helps to prioritize the importance of a stimulus. The Flanker or Stroop tasks 

can be used to assess the EF component of inhibition because it requires navigating congruent 

and incongruent trials.  

Cognitive flexibility is the capacity to adjust or adapt to circumstances as well as the 

aptitude to think about two different concepts (Davidson et al., 2006). The ability to execute 

accurate responses to various stimuli has evolved to a necessary skill in modern society, given 

the increase in the number of sources of stimuli.  The development of cognitive flexibility in 

children is important because it allows children to adapt to the constantly changing demands 

associated with learning while ignoring stimuli that may be distracting. Cognitive flexibility can 

be measured by several cognitive behavioral tasks including the Wisconsin Card Sorting Task 

(Milner, 1964) or the Trail-Making Task (Sanchez-Cubillo, Perianez, & drover-Roig, 2009) 

because these measures assess the speed and accuracy of switching from one task to another. Of 

all the components of EF, cognitive flexibility is said to be the most complex because it involves 

both working memory and inhibitory control (Diamond, 2006).  

 EF represents self-directed behavior and success in school and life is said to be 

contingent upon the refinement of these cognitive processes (Blair, 2002). In school, for 

example, for children to maximize learning in a noisy classroom, they must be able to remain on 
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task by prioritizing information between competing stimuli while attending to academic 

activities (Donnelly et al., 2016). There is accumulating evidence to suggest that PA can enhance 

children’s performance on tasks requiring EF (Donnelly et al., 2016; Best, 2010; Tomporowski, 

Lambourne, & Okumura, 2011). 

Acute Physical Activity and Executive Function 

 Although there is substantial evidence that PA improves cognitive functioning (Donnelly 

et al., 2016), research examining the immediate effects of acute PA on cognition among children 

is emerging. Of the four components of EF, inhibitory control, measured as response time and 

accuracy, has yielded the strongest relationship with acute PA (Best, 2012; Drollette et al., 

2014). Early research on acute PA in children has shown that as few as 20 minutes of walking at 

moderate intensity on a treadmill can improve children’s inhibitory control (Hillman et al., 

2009). Although some studies have inconclusive results (e.g., Drollette et al., 2012), no studies 

examining children have demonstrated a negative association between PA and cognition. 

 Questions remain about the intensity, duration, and type of PA necessary to produce a 

cognitive response, as some studies propose that moderate intensity PA is sufficient to improve 

attention and inhibitory control (Hillman et al., 2009). Other research indicates vigorous activity 

may facilitate enhanced problem-solving in mathematics (Phillips, Hannon, & Castelli, 2015). 

One possible way to change the behavioral responses of reaction time or accuracy, is to have 

children participate in acute PA of at least moderate intensity for a minimum of 20 (Phillips et 

al., 2015; Drollette et al., 2012) or perhaps 40 (Davis et al., 2007) minutes before a noticeable 

cognitive response will occur. Such suggestions are possible when PA during the day occurs 

during physical education class. However, few studies have examined PA bouts of shorter 

durations. 
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 To complement tightly controlled lab research, scholars have called for more field-based 

studies in school settings (e.g., Phillips et al., 2015). Within classrooms, only four known studies 

have examined the relationship of PA and cognition in short bouts of five or fewer minutes.  

Short durations of PA are a reality of the school day schedule, where a teacher may only have 

five minutes to allow his/her class to participate in PA (Howie et al., 2014). The research 

findings are scarce regarding the use of very short duration, bursts of PA, with only one study 

suggesting that a short duration of PA (i.e. five minutes) may relate to attention (Ma et al., 2015). 

Several questions surrounding how the PA duration and intensity are related to different 

subcomponents of EF remain. As such, further study of acute PA offered in the classroom setting 

is timely and warranted. 

 The purpose of this study was to determine how an acute bout of physical activity (PA) 

affects executive function (i.e., attention, working memory, and cognitive flexibility) among 

elementary school children. The following research questions guided this study: (a) How active 

are children during a single, brief bout of PA? (b) How does an acute bout of PA predict EF 

components of attention, working memory and cognitive flexibility after controlling for 

contextual variables such as the perceived climate of the classroom? and (c) Do children 

engaging in a brief session of higher intensity classroom PA display enhanced attention, working 

memory, and cognitive flexibility immediately the following activity compared to children 

participating in a brief session of lower intensity PA? 

Methodology 

 Using a repeated measures design, data were collected over two days as part of a larger 

study involving the examination of both acute and chronic effects of classroom PA. The present 
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study included PA assessments utilizing accelerometers, psychosocial and environmental 

surveys, and cognitive assessments designed to measure EF in children.  

Study Context  

 The southern state, in which this study took place, had a state mandate requiring that all 

children participate in 135 minutes of PA each week. Also, the state required that a model of 

coordinated school health be implemented in each school, as an example of a whole-of-school 

approach that has been endorsed by the IOM. Despite there being no specific state mandate 

requiring the implementation of a CSPAP, the researcher elected to use the CSPAP model as the 

frame for this study because it was a national initiative that paralleled the state mandate of 

coordinated school health. At the time of the data collection, children only participated in 

physical education once every third day, for approximately 45 minutes, with some variation by 

grades (i.e. children in the first-grade only had 30 minutes of physical education); however, 

teachers were supposed to offer PA minutes each day to the students. 

Participants 

Schools were recruited from two different districts (3 schools per district; see Table 1 for 

demographics) that had recently adopted a classroom PA program that included nearly 200 PA 

videos of various types and durations. With each school, there were both teacher and student 

participants. 

Teacher participants. Teachers were selected from schools who utilized classroom PA 

videos as the primary method for increasing children’s PA in their classrooms, though there was 

a range of experience levels among the teachers having taught from 1 – 28 years. At baseline, 42 

teachers volunteered to participate in the study. Two first grade teachers opted out of the study, 

and therefore this research was conducted in forty classrooms. Teacher breakdown by grade 



 56 

included: First-grade, n = 15; second-grade, n = 15; third grade, n = 7; fourth grade; n = 2; fifth 

grade, n = 3. Thirty-nine out of the 40 participating teachers were female. Ethnic breakdown 

consisted of (n = 32) White/Caucasian, (n = 6) and (n = 2) Hispanic/Latino and African-

American respectively.  

Child participants. All children (n = 465) in each teacher participant’s classroom (n = 

40) completed every research protocol (n = 4) because the PA participation contributed to the 

achievement of state mandated 135 minutes of PA per week and the cognitive assessments were 

aligned with the grade level learning outcomes. Despite every child completing the surveys and 

cognitive assessments, only 75.2% of the children provided formal written parental consent and 

assent, thus permitting their information to be used for research purposes. Children with known 

cognitive impairments, as denoted by an Individual Education Program (IEP), were excluded 

from the final analysis, even if consent was granted (~5% of the student population). 

Instruments  

This study used several instruments including, timed mathematics worksheets, Trail 

Making Test (TMT), a visual memory task, and accelerometers to measure the intensity and 

duration of PA participation. The three cognitive assessments measured the EF cognitive process 

of attention, cognitive flexibility, and working memory, respectively.  

 Accelerometers. The intensity and duration of PA were objectively measured using 

Actigraph accelerometers, which are widely-used considered valid and reliable instruments 

(Welk, Schaben, & Morrow, 2004). This device is the gold standard of measuring PA in children 

(Evenson et al., 2008) because the device collects triaxial movement in the horizontal, vertical, 

and diagonal planes, which are ways in which children move. Accelerometers were selected 

because this technology has been demonstrated to be particularly sensitive to twisting and 
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stretching movements inherent in classroom activities and because the device can detect the 

amount of time engaged in various levels of intensity (LeMasurier & Tudor-Locke, 2003). 

Specifically, the Actigraph GT3X accelerometer has demonstrated high inter- and intra-

instrument reliability, with an intra-instrument coefficient of variation of less than 2.5% and an 

inter-instrument coefficient of variation of less than 9% (Santos-Lozanao et al., 2012). In this 

study, the accelerometers were initialized at 5-second epochs to account for the short duration of 

the activity and the intermittent movement nature of children (Reilly et al., 2008). Evenson cut 

points were utilized as research suggests these may be most accurate for predicting PA intensity 

in youth (Trost et al., 2011). Accelerometer data were reduced by obtaining a percentage of time 

spent in light, moderate, and vigorous PA, and total step count for each participating child. Data 

for a total as well as the percentage of PA per video were examined because some of the videos 

were of a different length. 

Cognitive Assessments  

Cognitive assessments selected for this study were based on the developmental age and 

the desire to measure the ability to navigate interference and working memory because these 

functions subserve learning in both mathematics and language arts (i.e. reading). 

 Timed mathematics facts assessments. Similar to previous studies (Howie, Schatz, & 

Pate, 2015; Phillips et al., 2015), children completed as many age-appropriate math problems as 

possible in 30-seconds. The math fact sheets were randomly generated using a math worksheet-

making software, based on the age and grade of the participant. First-grade math facts involved 

pictures of objects next to the equation (i.e., 2 Apples + 1 Apple =___).  Second and third-grade 

math fact assessments consisted of 28 items of single digit addition and subtraction problems. 

Participants in the fourth and fifth attempted to complete 24, double-digit addition and 
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subtraction problems. In the participating schools, completing as many math problems as 

possible within two minutes was common educational practice, and therefore the children were 

familiar with this type of assessment. Creating a sum score reflecting the number of problems 

answered correctly in each period was how these data were reduced.  

 Trail Making Test (TMT). Children completed the TMT, which is a neuropsychological 

test measuring the accuracy, the speed of information processing and cognitive flexibility of a 

child (Sanchez-Cubillo et al., 2009), as a representation of EF. The test is similar to a dot-to-dot 

tracing activity with 25 circles distributed over a sheet of paper. In part A, the child traces a line 

between the numbers in ascending order. In part B, the child traces a line between the numbers 

1-25 and letters (i.e. 1 to A, 2 to B, etc.) in ascending order. Each child connected the numbers 

and letters as quickly as possible without lifting their pen/pencil from the paper. The TMT task 

requires minimal familiarization because most children are familiar with tracing activities. 

Visual memory task. The visual memory task was used to assess visual-spatial working 

memory. Cognitive tasks that are like the visual memory task have demonstrated acceptable 

validity and reliability since the 1980s (Lezak, 1983). The purpose of the visual memory tasks 

was for each child to recall a repeated series of colors until they made an error in the sequence. 

Children were given two trials to recall, in order, as many colors as possible. Because the 

number of colors to recall expands with each trial, the task becomes progressively more 

challenging. Given that this task was administered in conjunction with other tasks in a classroom 

setting, it did not require extensive task familiarization as most children had already been 

exposed to similar activities.  
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Psychosocial and Environmental Measures 

 To account for possible explanatory factors that might influence the results of this study, 

class climate and personal impulsivity were measured.  Accompanying descriptive research 

indicated that these constructs might influence the intensity of participation in classroom PA and 

therefore when related to the dependent variable, were used as covariates in all analyses.  

My Class Inventory (MCI). This survey is a valid and reliable scale that consisted of 20 

items and four subscales. The MCI was selected to account for perceptions of class climate 

(cohesion, friction, competition, and satisfaction) across multiple schools and classrooms (Fraser, 

1982). This survey has shown acceptable reliability (0.73 to 0.88) with elementary-aged children. 

Data were reduced to total individual scores.   

 Impulsivity Scale (ISC). The survey entitled Impulsivity Scale (Tsukayama, Duckworth, 

& Kim, 2013) is a two-factor 8-item test measuring domain-specific interpersonal and school 

work impulsivity in school-age children. The construct is similar but distinct from self-control by 

evidence of convergent validity with self-control items (rs = -.72 to -.88, ps <.001). The survey 

measures children’s self-perception of impulsivity (i.e., “I interrupted other students while they 

were talking”) and has demonstrated acceptable internal consistency at α = .86, with mean scores 

reduced by subscale.  Items were arranged on a 5-point Likert-type scale ranging from 5 (“All 

the Time”) to 1 (“Almost Never”) and each subscale reduced to an aggregated mean composite 

score for the eight questions given that the interpersonal and school work factor correlations are 

demonstrated moderate to strong correlation at (r = .60). This survey was chosen because 

previous descriptive research has indicated a negative relationship between children’s perception 

of class climate and their self-perceptions of impulsivity. Data were reduced to individual sum 

scores for further analysis. 
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Procedures  

Each class was randomly assigned to the treatment and control conditions of high 

intensity (n = 22) or low-intensity (n = 18) groups and notified at least one week before data 

collection to examine the specifically assigned videos. The treatment group participated in high-

intensity PA videos that were designed to elevate heart rate (i.e., running, skipping, dancing). 

The low-intensity group was utilized as the control group and participated in PA videos designed 

to calm (i.e., stretching), thus replicating the condition as an exercise sham. To ensure fidelity of 

the treatment, regular observations were conducted in each classroom, and accelerometer data 

were collected. PA was measured objectively to confirm the intensity of the PA video (i.e., 

children assigned to the high-intensity group participated in significantly higher-intensity activity 

than the control group).  

Upon arrival to the classroom, children were familiarized with the accelerometers before 

the cognitive assessments were administered to minimize the potential novelty effects and 

artificial inflation of PA that may result if the accelerometers were given immediately before 

engagement in the PA videos. In preparation of administering the cognitive assessments and 

surveys, start, and stop signals and other instructions (e.g., “do your best,”) were verbally given, 

and children were familiarized with each task. Following task familiarization, children 

completed the times math assessment, TMT, and the visual memory task in that order. Before 

each task, children were again familiarized and reminded about the nature of the present task. 

This process was repeated with each successive cognitive task.  

 In every classroom, all children then participated in a PA video that included music and 

brief instruction. Children in the treatment group participated in moderate to vigorous running 

and dancing exercises, while those in the treatment group participated in light exercises such as 
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stretching and yoga-like activities. All videos for both groups were delivered in the same manner 

(i.e., projected on a screen; whole-class participation). Following the activities, the children 

returned to their seats to repeat the cognitive assessments in the same order as previously 

completed in the pre-assessments. The intensity of the PA served as the independent variable, 

with dependent variables being the children’s scores on the cognitive assessments. An alpha 

level of p < .05 was established for data analysis. 

Data Analysis  
  

 Statistical analysis was performed with SPSS version 24 (SPSS Inc, Chicago, USA). The 

assumptions of normality were met through visual graph inspection and analysis of skewness and 

kurtosis statistics for each dependent variable. Descriptive statistics were calculated following 

the confirmation of normality. 

To address the first research question, descriptive statistics from the objectively measured 

PA data were examined to determine how physically active children were in each video category 

(high/low intensity). Analysis of steps and light, moderate, and vigorous PA would provide a 

measure of PA intensity. Independent t-tests were used to confirm the efficacy of the PA video 

intensity for between-group comparisons, thus confirming the treat that ment was delivered as 

intended. 

Analysis to address the second research question involved a series of steps that began by 

comparing the objectively measured PA data as well as high- and low-intensity between groups. 

Correlations were conducted to identify potential associations between the variables. A 

hierarchical regression model was used to determine the predictors of cognitive performance. 

Lastly, to address the third research question, controlling for school, class affiliation, age, and 

climate, groups were compared by using a 2-way repeated measures Analysis of Variance 
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(ANOVA) with the session (Session: pre/post treatment) representing the within-subject 

variable, and group assignment (Groups: high/low) as the independent variables. This analysis 

was conducted to identify any interaction effects between the groups and sessions.  

Results 

 Assumptions of normality were met with acceptable skewness and kurtosis for all 

variables used in the analysis. Cronbachs’ alpha was also acceptable (α = 0.71) across the 

cognitive measures. Group means, and descriptive data for both high and low groups are 

presented in Table 2. Analysis of variance indicated there was no significant difference between 

groups for age (p = 0.60) and gender (p = 0.45). 

Physical Activity 

 To confirm how active children were during the brief bout of PA, independent t-tests 

were conducted. Children who participated in the treatment group (i.e., dance, running in place) 

accumulated (M = 347.94; SD = 185.63) steps with 11% of the time in (M = 11.81; SD = 6.99) 

moderate PA and 26% (M = 25.97; SD = 18.60) of time spent in vigorous PA, for a total of 38% 

of the time spent in MVPA. In contrast, children in the control group (i.e., stretching, yoga-like) 

accumulated (M = 56.29; SD = 39.12) steps and spent 5% of the time (M = 4.48; SD = 4.46) in 

moderate PA, as well as (M = 2.76; SD = 3.85) percent of time engaged in vigorous PA. As 

predicted, the PA intensity matched the intended intensity of the treatment and control groups 

regarding total steps (p < .001), moderate intensity (p < .001) and vigorous intensity (p < .001), 

signifying that children in the experimental group were significantly more active than children in 

the control group. These results confirm that higher intensity videos (i.e., dance) produced 

significantly more PA in children within the brief bout of PA over children participating in the 

lower intensity videos (i.e., yoga-like activities).                        
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Correlation Analysis 

 Pearson correlations were conducted to identify possible significant relationships among 

the variables as well as to determine the necessity for additional statistical analysis. Correlations 

between control factors and pre- and post- cognitive assessments are displayed in Table 3. 

Significant bivariate associations include climate and age r = -0.21, p < 0.001, impulsivity and 

climate r = -0.35, p < 0.01, and moderate PA and the TMT-B r = 0.14, p < 0.05.  

Hierarchical Regression Analysis 

 Following correlation analysis, collinearity assumptions (including tolerance and 

variance inflation factor) were tested. Once assumptions for collinearity were met, a series of 

hierarchical regression analyses were conducted on each of the cognitive variables to ascertain 

any significant associations between objectively measured PA intensity levels and scores on the 

cognitive tests beyond the other variables. Calculating a hierarchical regression model allowed 

the researcher to account for the amount of variance of known correlates. Age was controlled for 

in each analysis and covariates included school and class affiliation. Non-modifiable variables 

were entered the first block with modifiable variables entered the second block. Percentages 

were utilized in the regression analysis to account for slight duration equivocations in the videos.  

Mathematics. The percentage of time spent in moderate β = 6.81, t(150) = 1.67, p = 

0.09, percentage of time in vigorous β = -2.17, t(150) = -1.37, p = 0.16, and percentage of time in 

light β = 0.58, t(150) = 0.34 p = 0.73, PA were not significant predictors of mathematics scores.  

TMT-A. There were no significant predictors between the TMT-A cognitive assessment 

and the percentage of time spent in moderate β = 2.76, t(141) = 0.69, p = 0.48, percentage of 

time spent in vigorous β = 1.10, t(141) = 0.71, p = 0.30, and percentage of time in light β = -0.51, 

t(141) = -0.31, p = 0.75 PA. 
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TMT-B.  Percentage of time spent in moderate PA was only approaching significance for 

predicting performance on the TMT-B task at β = 6.81, t(94) = 1.67, p = 0.06. Percentage of time 

spent in vigorous β = -2.17, t(94) = -1.37, p = 0.16, and percentage of time in light β = 0.58, t(94) 

= 0.34, p = 0.73 PA did not predict performance on the TMT-B.  

Visual memory task. Percentage of time engaged in moderate β = 4.48, t(141) = 1.49, p 

= 0.13, vigorous β = -0.14, t(141) = -0.12, p = 0.90, and light β = -0.63, t(141) = -0.51, p = 0.60 

PA were not significant predictors of visual memory task performance 

 Between Group Comparisons 

 Following the correlation and regression analysis, between-group comparisons 

controlling for baseline group differences in class climate, were observed utilizing a 2-way 

repeated-measures ANOVA to address the third research question. The control factors of age, 

school, and class affiliation were also utilized for the ANOVA. No significant interactions 

between group and sessions were detected in this analysis as signified by F(1, 358) = 3.11, p = 

0.08 for math, F(1, 380) = 0.66, p = 0.79 for TMT-A, F(1, 236) = 0.01, p = 0.91 for TMT B, and 

F(1, 396) = 1.57, p = 0.21 for the visual memory task. 

Discussion 

As part of a whole-of-school approach, classrooms are viable spaces for children to 

increase daily PA levels (IOM, 2013). The first aim of this study was to explore the PA levels of 

elementary children during PA videos. The results of this study indicate that children who 

engaged in activities like dancing spent 31% more time on average engaged in MVPA per 

session of PA than children who participated in yoga-like activities.  Although participation in 

any type of PA in a classroom setting may have merit (Webster et al., 2015), it could be 

particularly concerning from a public health perspective if stretching activities replaced rather 
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than supported activities of a higher-intensity nature. Teachers can incorporate a range of 

physical activities with varying intensity levels without compromising learning (Donnelly et al., 

2011).  

A CSPAP represents a multi-component approach to increasing school-wide PA as a 

response to the declining health of children (IOM, 2013). Within the CSPAP framework, the 

proximate decisions that teachers make about the frequency, intensity, duration, and type of 

classroom PA may have significant long-term ramifications for children’s health. It has been 

projected that one additional PA session per day of a 10-minute duration could equate to 70 more 

miles per year regarding children’s overall classroom step counts (Mahar et al., 2006). 

Furthermore, research indicates that 10 minutes per day of classroom PA may even facilitate 

children’s PA participation throughout the remainder of the school day (Erwin et al., 2009). 

Although more research is needed to explore the relationship of classroom PA and total daily 

PA, it is possible that the PA habits reinforced in classrooms by supportive teachers may extend 

into other segments of the school day and beyond. 

The second aim of this study was to examine the potential cognitive effects of short bouts 

of classroom PA of various intensities. There is increasing evidence that acute PA may improve 

cognitive performance among children (Donnelly et al., 2016), yet little is known about this 

relationship in the brief durations of classroom PA. The present study examined the effects of 

high and low-intensity PA of short durations in a classroom setting using objectively measured 

PA and group comparisons between high- and-low-intensity groups. The results of this study did 

not confirm a significant difference between the treatment and control groups. These findings 

align with results from the few studies examining short classroom PA and children’s cognitive 

performance. For example, it has been observed that 10- and 20-minute durations of classroom 
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PA improved children’s mathematics performance on a timed math test, but not five-minute 

durations of classroom PA (Howie & Pate, 2015). Likewise, children participating in PA for 30 

minutes in a physical education class demonstrated increased attention following the class, but 

not after completing five minutes of classroom PA (Kubesch et al., 2009). However, previous 

studies only accounted for the intensity of the activity through systematic observation using 

SOFIT.   

 Comparisons between treatment and control groups may not adequately account for 

varying intensities because of the inherent short durations of classroom PA. Preliminary 

evidence suggests that PA sessions in classrooms rarely exceed five to six minutes (study 1). 

Therefore, this examination utilized objectively measured PA with the intent to render a more 

accurate accounting of children’s PA intensity within the short span of five to six minutes. 

Though not significant, when children’s PA dropped to light- or escalated to vigorous, children’s 

performance on mathematics, TMT-B, and visual memory task declined. This finding raises the 

possibility of an optimal intensity of classroom PA and may warrant further research. Though it 

has been reported that the amount of time engaged in vigorous PA can influence children’s 

cognitive performance on mathematics tests (Phillips et al., 2015), it is possible that moderate 

PA is most appropriate for the classroom setting.  

An alternative explanation for these findings might be that cognitive performance 

depended on the mode of the PA rather than the intensity. This explanation may corroborate with 

recent research in the early childhood setting suggesting that the movements inherent in activities 

that typically produce moderate intensity PA may be more efficient at enhancing children’s 

short-term cognition than light or vigorous activities (Barcelona and Castelli, study 1). There is 

some evidence suggesting that coordinative movements, after controlling for intensity, may 
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enhance children memory following acute PA (Pesce et al., 2009). Research with adolescents 

also suggests that coordinative activities might produce enhanced cognition post-exercise (Budde 

et al., 2008). However, there are no known published studies that have examined the mode of 

activity in a classroom setting, nor has previous research investigated the effects of coordinative 

PA on exercise durations shorter than 10 minutes.  

As suggested by Phillips et al. (2015), findings from PA and cognition research in 

schools must be interpreted within the broader literature base because of the unpredictable nature 

of an authentic environment like schools. Studies in both tightly controlled and authentic settings 

are necessary and called for to advance the knowledge base. While the effects of varying PA 

intensity levels in a classroom setting need to be examined further, these results align with 

research trends suggesting that involvement in short bouts of classroom PA does not negatively 

impact performance on cognitive tasks and may in some cases facilitate enhanced performance 

on cognitive tasks requiring EF. 

Implications 

Within the WSCC and accompanying CSPAP frameworks, classroom PA only represents 

a part of one of many supportive components. Brief bouts of classroom PA are intended to 

support rather than replace recess, physical education, or other opportunities during the school 

day (Mahar et al., 2006). Classroom teachers are positioned to play a substantial role in 

influencing children to acquire the PA habits that lead to better health (IOM, 2013). Research has 

demonstrated that PA habits attained in childhood tend to continue into adulthood (Trudeau, 

Laurencelle, & Shephard, 2004). Thus, the involvement of classroom teachers (along with all 

school staff) in the effort to positively influence children’s PA and overall health is an important 

aspect of a whole-of-school approach. Although children are more likely to obtain recommended 
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daily levels of PA when teachers incorporate movement into the classroom (Erwin et al., 2011), 

there are presently no definitive guidelines governing PA in the classroom setting. Given the 

practical and logistical implications of increasing the duration of classroom PA amidst 

competition for academic demands, it has been suggested by Donnelly and colleagues (2017) 

that perhaps advocating for more intense PA (e.g., beyond stretching and light movements) is 

more reasonable for classrooms in order to maximize the activity time children receive. 

However, there is definitive evidence suggesting some classroom teachers are reluctant to use 

higher intensity activities (Beddoes & Castelli, Study 1). Classroom PA is likely delivered by 

teachers trained to manage traditional sedentary classrooms (Donnelly et al., 2017). Considering 

a number of time children spend in classrooms and under the direction of classroom teachers, 

more research is needed to determine reasonable guidelines for classroom PA integration as well 

as the best methods for training teachers to manage active children.   
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Table 1 

 
School Demographics 
 
 School 1 School 2 School 3 School 4 School 5 School 6 Overall 

Average 
Total children 350 794 695 442 562 507 558 
Grades  1-5 1-5 1-5 1-6 1-5 1-5 1-5 
Average class 
size 

17 22 21 19 19 20 19 

Free/reduced 
lunch 

42% 22% 49% 28% 20% 72% 32% 
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Table 2 
 
Group Means (SD) of Descriptive Data by Group 
 
Variables High Intensity 

M (SD) 
Low Intensity 
M (SD) 

P-value 
 

 n = 249 n = 190  
Age 7.96 (1.08) 7.91 (0.96) 0.60 
Gender (female, %) 46 48 0.45 

Steps 347.94 (185.63) 56.29 (39.12) 0.001 
MPA (minutes) 
VPA (minutes) 

0.79 (0.48) 
1.75 (1.34) 

0.18 (0.25) 
0.18 (0.25) 

0.001 
0.001 

Climate 73.54 (13.81) 67.46 (14.38) 0.004 
Impulsivity 16.77 (6.48) 16.66 (6.79) 0.88 
 
Note: MPA (minutes) = Minutes engaged in moderate physical activity; VPA (minutes) = 

Minutes engaged in vigorous physical activity; M = mean values and SD = standard deviations 
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Table 3 
 
Correlation Between Control Factors and Pre- and Post-Cognitive Tasks 
 
 Variables M (SD) Age Climate Impuls MPA  
 Age 7.9 (1.00) -    
 Climate 71.21 (14.31) -0.21** -   
 Impuls 16.73 (6.60) 0.04 -0.35** -  
 MPA 1.71 (1.58) 0.04 0.25** -0.08  - 
 Math 9.73 (4.49) 0.39** -.033 -0.11* 0.19 
PRE TMT A 20.18 (4.85) 0.52** -0.18* -0.06 0.06 
 TMT B 9.47 (4.56) 0.38**  0.03 -0.06 0.13 
 Memory 6.66 (3.20) 0.29** -0.11 -0.14 0.06 
 Math 11.40 (5.01) 0.23** -0.02 -0.11* 0.07 
POS TMT A 21.71 (3.86) 0.35**  0.03 -0.02 0.03 
 TMT B 11.80 (4.99) 0.35**  0.03 -0.06 0.14* 
 Memory 7.10 (3.42) 0.20** -0.13 -0.02 0.06 

 
 
Abbreviations: Impuls, Impulsivity, TMT A, Trail Making Test Part A; TMT B, Trail Making 

Test Part B; Memory, visual memory task; Pre, pre-test; Post, post-test, MPA, Moderate PA 

engagement 

 
*P < .05 
 
** P < .01 
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STUDY 3: CLASSROOM PHYSICAL ACTIVITY ACROSS A SCHOOL YEAR AND 

COGNITIVE FUNCTION AMONG CHILDREN 

 
Abstract 

 
PURPOSE: The purpose of this study was to determine if classroom physical activity 

(PA) engagement predicted children’s cognitive performance across a school year.  

METHODS: Using a repeated measures design, elementary school children (n = 345, 

40% female, aged 7.2 ± 2.2 years) and their teachers (n = 29, M =10 years of experience) 

participated in this research study. Teachers reported the frequency (i.e., how often per 

day/week), intensity (i.e., stretching, running), and duration (i.e., using two consecutive PA 

videos) of classroom PA usage over a school year. Elementary school children were assessed on 

cognitive measures examining attention, cognitive flexibility, and working memory at the 

beginning and end of the school year.  

RESULTS: A linear mixed model with repeated measures to control for the nested 

effects of classes and schools, revealed no main effects between groups (high/low usage) for the 

cognitive measures. A significant group by time interaction was revealed for the mathematics 

timed test F(1, 275) = 4.75, p < .05. No significant group by time interactions for TMT-A F(1, 

274) = 0.98, p = 0.38, TMT-B F(1, 185) = 0.31, p = 0.57 or visual memory task F(1, 274) = 1.62, 

p = 0.20 were observed.  

CONCLUSIONS: Results of this study suggest that classroom teachers who invest time 

providing regular physical activities throughout the school day do not sacrifice cognitive growth 

in children and likely enhance it on certain cognitive tasks. Teacher preparation programs may 

consider best practices for preparing teachers to infuse PA into the classroom as a part of daily 

activities. 



 80 

Physical activity (PA) is an essential component in children’s overall health. When 

children accumulate the recommended 60 minutes of daily PA, they are less likely to experience 

high blood pressure, cardiovascular disease, and psychological disorders (McKenzie & Kahan; 

2008; Strong et al., 2005). Moreover, active children attend school more often and perform better 

academically than their less active peers (Castelli, Hillman, Hirsh, Hirsh & Drollette, 2011). Less 

than half of youth meet the PA recommendation (Troiano et al., 2008) and therefore experience 

the adverse health effects associated with physical inactivity (United States Division of Health 

and Social Services [USDHSS, 2008]). Amidst a 40- year decline of PA rates in schools (Hedley 

et al., 2004), the process of increasing PA opportunities for children throughout the school day 

has been slow as a consequence of the preponderant pressures on schools to increase academic 

achievement (Basch, 2011). 

 The emergence of two national frameworks provides the organizational and operational 

support for faculty to provide schoolwide PA opportunities for children. The Whole School, 

Whole Community, Whole Child (WSCC; see http://www.ascd.org/programs/learning-and-

health/wscc-model.aspx) initiative represents the schools’ overall organizational mission in 

simultaneously addressing academics and health. A Comprehensive School Physical Activity 

Program (CSPAP) operationally lends structure and guidance to all school physical activities that 

occur before, during, and after school with the support of the community, family, and school 

staff and collectively comprise a whole-of-school approach (Institute of Medicine [IOM], 2013). 

There is evidence that children who attend schools using  a whole-of-school approach can 

accumulate much of their daily MVPA before the end of a school day (Beighle, Morgan, Le 

Masurier, & Pangrazi, 2006), with a substantial portion of school-day PA achieved during 

classroom PA and recess (IOM, 2013).  
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Practicality of Classroom Physical Activity 

 As children spend a majority of their school hours in classrooms, PA in this setting has 

been endorsed as a complimentary and feasible element of a whole-of-school approach (IOM, 

2013; Centers for Disease Control and Prevention [CDC], 2013). While not intended to replace 

other PA opportunities across the school day (IOM, 2013), declining rates of PA in schools 

makes the inclusion of alternative methods necessary and responsive (Webster, Russ, Goh, & 

Erwin, 2015). Classroom PA is both feasible (Erwin et al., 2011; Donnelly et al., 2009) and 

sustainable (Kibbe et al., 2011). Such opportunities help children to accumulate recommended 

levels of daily PA (Erwin et al., 2011; Gibson et al., 2008) and reduce Body Mass Index (BMI; 

Donnelly et al., 2011). Regular PA in the classroom also has the potential to increase time-on-

task during academic learning (Bartholomew & Jowers, 2011; Mahar et al., 2006). Just one daily 

bout of PA can be beneficial (Erwin et al., 2011), when one considers the alternative of six hours 

of sedentary behavior. 

 Though classroom PA is plausible (IOM, 2013), teachers experience time restraints and 

academic pressures (Howie, Shatz, & Pate, 2015; Parks, Solmon, & Lee, 2007) and may be 

inclined to implement activities that are convenient and of low intensity. For example, it has 

been observed that some teachers believe occasional stretching constitutes sufficient PA in the 

classroom space (Beddoes & Castelli, Study 1). While integrating any PA into the classroom 

may facilitate PA participation (Webster et al., 2013), the lack of definitive guidelines about 

frequency and intensity of the activities may lead to high variability in the overall amount of 

classroom PA engagement that teachers provide children (Erwin et al., 2009). 

Physical Activity and Executive Function 
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The physical and psychological benefits of regular PA engagement have been well 

documented (Strong et al., 2005). Regular PA engagement has also been linked to many 

cognitive benefits in school-aged children (Donnelly et al., 2016) and, partly for this purpose, has 

gained influence in the academic setting. Children’s physical fitness may derive from regular 

participation in PA, and physical fitness mediates the relationship between PA and academic 

achievement (AA; Donnelly et al., 2016; Tomporowski et al., 2011; Castelli, Hillman, Buck & 

Erwin, 2007). When PA is sustained over time, children may perform better in school.  

Because the interpretation and memorization of information processing is a vital part of 

learning, researchers have begun to examine the effects of PA on these underlying cognitive 

processes and AA. Executive function (EF) encapsulates a series of mental, cognitive processes 

including, attention, working memory, inhibitory control, and cognitive flexibility (Kamijo et al., 

2014; Kamijo et al., 2011; Hillman, Kamijo, & Scudder, 2011). As a goal-directed behavior 

(Norman & Shallice, 1986), EF can be observed as planning, scheduling, and decision-making 

behaviors. Attention entails a general awareness and active engagement in the learning process; 

inhibitory control involves resisting distractions; working memory is mentally holding and using 

information, and cognitive flexibility permits adjusting to task changes (Davidson, Amso, 

Anderson, & Diamond, 2006). 

Sustained Classroom Physical Activity and Cognitive Development 

 Although studies examining the relationship between classroom PA and cognition are 

relatively few, there is emerging evidence that chronic PA within classrooms may benefit 

learning (e.g., Katz, Cushman, & Reynolds et al., 2010). For example, Donnelly and colleagues 

(2011) used a three-year cluster randomized, controlled trial with 24 elementary schools to 

examine the effects of acute bouts of PA on academic achievement. Donnelly observed that 
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children who engaged in moderately intense academic lessons scored 7% higher on a 

standardized academic achievement test than children in control schools. While findings suggest 

that PA in classrooms may facilitate cognitive performance, more research is needed to 

substantiate these results.  

Study Context 

 Teachers in participating schools utilized videos to provide the children in their 

classrooms with opportunities to participate in PA. The library contained nearly 200 videos that 

ranged in intensity from low-impact meditation activities to high intensity running and jumping. 

Though teachers are expected to use the videos regularly, they were given the autonomy to 

determine how and when to use the PA videos in the classes. The present investigation is part of 

a larger project designed to investigate the nature of children’s PA opportunities in classrooms.  

Methods 

Teachers were classified as either high- or low-usage based upon self-report data of the 

total frequency, intensity, and duration of weekly PA videos that were selected. For the purpose 

of this analysis, inclusion criteria for high-usage classrooms involved frequency (multiple times 

per day), intensity (dance, running and jumping videos), and duration (combining two videos per 

acute PA bout), while low-usage included frequency (three or fewer times per week) intensity 

(stretching and yoga-like activities), and duration (one to two videos). These classifications of 

PA usage emerged as natural cut points in the data and were similar to cut points utilized in 

previous research (Erwin et al., 2011) to stratify high- and low-usage PA classes.  

For teachers who reported PA frequency that varies week to week; were not able to 

quantitatively define their daily/weekly usage, elected not to report the data, or were otherwise 

unclear about their level of usage were not considered in this analysis because chronic usage 
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across a school year was of primary interest in this study. For example, one teacher secured a job 

in another district midway through the year, and the long-term substituted teacher did not utilize 

PA.  

Participants 

After accounting for inclusion criteria and attrition over the school year, three hundred 

and thirty-four (males = 179) first through fifth-grade children were considered in this analysis. 

Average school enrollment across the six schools was (M = 558.28; SD = 144.33). Forty percent 

of the participants required free/reduced lunch. Ethnicity consisted of Hispanic (41%), White 

(39%), African-American (7%), Asian (7%), and others (6%). 

Instruments  

Cognitive assessments were selected based on developmental age, familiarity with the 

tasks, and were intended to assess EF across a school year. EF subserves learning and therefore 

examining the change in scores on the cognitive measures from the beginning to the end of a 

school year has to merit. There were three cognitive assessments and multiple surveys completed 

by the children in this study at both the beginning and end of the school year. Teacher self-report 

data accounted for teacher usage and accelerometers were also used to estimate PA usage.  

 Timed mathematics tests.  This assessment consisted of 28 developmentally appropriate 

addition, subtraction or both problems on a paper and pencil assessment. Children completed as 

many math problems as possible in 30 seconds. The performance of this task is aligned with 

educational practice within each of the participating schools. Data were reduced to a sum score 

of correctly answered questions. First-grade math sheets were slightly modified to maintain 

consistency with common grade-level practice, by inlcuding pictures of objects next to the 
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equation. This study used timed mathematics assessments because it was familiar to the children 

and supported by previous research (Howie, Shatz, Pate, 2015; Phillips et al., 2015). 

Trail Making Test (TMT). The TMT is a cognitive assessment measuring attention, 

processing speed and task-switching (cognitive flexibility; Sanchez-Cubillo, Perianez, & drover-

Roig, 2009) as components of EF. Each part of the TMT displays 25 numbers (1-25) randomly 

placed on paper. To complete the part A task, children connected the dots in numeric order. In 

the second part of the test, children traced a line from a number to a letter (i.e., 1-A, 2-B, etc.).  

The TMT was selected because it is known to be particularly sensitive in children (reliability = 

0.64; Espy, 2004), before and after participation in PA (Smith et al., 2010).  

Visual memory task. The visual memory task was included in this study as a measure of 

the working memory component of EF. For this task, children were scored on their ability to 

recall repeated series of colors until an error was made. The task gets progressively more 

challenging as children are required to retain more colors in memory and the order in which they 

appeared.  

Teacher usage. As part of a large-scale project involving the inductive exploration of 

classroom PA in the Southern United States, short duration qualitative interviews with teachers 

revealed quantitative data points with the transcriptions of individual teacher interviews. These 

data points were extracted to create an average score for classroom PA usage over the course of a 

week in addition to the modular type (i.e., dance, stretching) of PA each teacher employed. The 

full results of these interviews are reported elsewhere, but the usage data are included in the 

analyses for this study. 

My Class Inventory (MCI). This survey was utilized as a measure of perception of class 

climate. The MCI has demonstrated acceptable validity and reliability (0.73 to 0.88). The overall 
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construct of class climate contained four subscales measured in 20 items. The four subscales 

(cohesion, friction, competition, and satisfaction) assess the interpersonal relatedness between 

children in the classroom (Fraser, 1982). Data were reduced to sum scores for further analysis.  

Physical activity. Physical activity data were utilized for this study as a direct measure of 

PA intensity. Accelerometers have shown validity and reliability with the cyclical movement 

nature of children (Welk, Schaben, & Morrow,  2004). Evenson cut points (Evenson et al., 2008) 

were chosen because these have demonstrated the most accuracy in calculating children’s PA 

(Trost et al., 2011). The inter-and intra-instrument validity and reliability of the Actigraph GT3X 

triaxial accelerometer are high (Santos-Lozanao et al., 2012). Initialization for the accelerometers 

was set at 5-second epochs because of the short duration of the activity.  

Procedures  

Data collection for this study occurred over five days, with the fidelity of treatment 

checks and usage data collected approximately every four weeks. On day one, teachers reported 

their frequency of usage of classroom PA and the types of videos that were integrated. On the 

second day, we met with children in their respective classrooms where they completed each of 

the cognitive tasks. The participants were given instructions and familiarized with the tasks and 

told to “do your best.” They then completed the timed mathematics assessment, TMT task, and 

visual memory task. On the third visit, children were familiarized with the accelerometers and 

then participated in a PA video the teacher frequently utilized. The researcher did not make 

specific which specific videos to use, and the teachers led the activities. This process was 

repeated in the spring of 2016. Although all children participated in all the activities, data were 

only analyzed from those who returned letters of consent and assent. An alpha level of p < .05 

was utilized for data analysis. 
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Data Analysis 
 

These data were analyzed using SPSS version 24 (SPSS Inc, Chicago, USA). Data were 

screened for normality as well as audited by an external evaluator. After assumptions of 

normality had been met, objectively measured PA data were examined to determine the PA 

intensity and to confirm teacher self-reported data. Direct measure of PA were aslo used to 

estimate the total volume of PA in a given week. Independent t-tests were used to compare the 

mean step counts and percent of MVPA for each group.  

Linear mixed modeling with repeated measures was utilized to analyze the cognitive 

data. Repeated measures analysis enables an examination of the magnitude of change over time. 

To account for the nested effects of children being placed in different classrooms, a linear mixed 

model was fit with schools (upper level), classrooms (middle level), and children (lower level). 

The model consisted of a hierarchical model involving both fixed and random effects (Bryk & 

Raudenbush, 1988). Because the potential variability among subjects in multiple units (i.e., 

errors of the measurements within nested groups) may be correlated, a mixed-model approach is 

designed to minimize these residual correlations by accounting for personal regression lines, or 

more simply, accounting for differences in participants’ baseline scores and improvement over 

time.  

Results 

Descriptive statistics and group mean for average PA steps, percent time spent in MVPA, 

and estimated weekly PA engagement are presented in Table 1. Children in high-usage 

classrooms were significantly more active per session as indicated by total steps t(324) = 5.38, p 

< 0.01 and MVPA (% time) t(326) = 4.52, p < 0.01, as confirmed through independent t-tests. 

This finding confirmed that the treatment was delivered as intended.  
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Physical Activity Participation and Cognitive Performance  

 The three measures of cognitive performance (timed math, TMT, and the visual memory 

task) served as the dependent variables in the first analysis. The fixed effects for the mixed 

mathematics model included group (usage: high/low) as the primary explanatory variable along 

with gender and age. The random effects in this model consisted of school, class, and children, 

with classrooms nested within schools, children nested within classrooms, and time points nested 

within each child. Because the random intercepts for school and class were not significant in this 

model, school and class were treated as fixed effects in further analyses. Children’s random 

intercepts were significant (β = 11.21, SE = 1.82, p < 0.001) and therefore left as random effects 

in the model. Because the researcher’s primary interest was to ascertain the amount of change 

over time examination of the interaction effects of the group by time, gender by time and age by 

the time was also conducted.    

Timed mathematics test. Main and interaction effects were examined for each of the 

cognitive variables and are presented in Table 2. As expected, main effects for age F(1, 328) = 

63.83, p < 0.001 and time F(1, 312) = 60.05, p < 0.001 were significant, indicating older children 

scored better on the mathematics cognitive measure with children performing better in the spring 

than in the fall. There were no main effects for group affiliation F(1, 228) = 0.19, p = 0.33. 

Results revealed significant interaction effects for age by time F(1, 289) = 14.2, p < 0.001 and 

group by time F(1, 275) = 4.75, p < 0.05. The mean scores for fall and spring cognitive 

assessments including the difference scores are displayed in Table 3. The significant group by 

time interaction suggests that children in the high-usage group (Fall: M = 7.63, SE = 0.53; 

Spring: M = 11.30, SE = 0.51) had significantly greater improvement in math scores from fall to 
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spring than children in the low-usage group (Fall: M = 8.11, SE = 0.50; Spring: M = 10.78, SE = 

0.48).  

Trail Making Test (TMT). The mixed model for TMT-A included fixed effects of group 

(Usage: high/low) as the primary explanatory variable along with age. Random effects included 

school, class, and child. School and class variables were treated as fixed effects in the analysis. 

Random intercepts for child were significant at (β = 4.16, SE = 1.25, p < 0.01) and were 

therefore included in subsequent analysis.  

Results for TMT-A revealed main effects for age F(1, 392) = 16.92, p < 0.01 and time 

F(1, 392) = 17.44, p < 0.01 indicating that older children scored higher and children in both 

groups improved from fall to spring. There were no main effects for group F(1, 221) = 2.13, p = 

0.15. A significant interaction effect for age by time F(1, 381) = 16.69, p < 0.01 was revealed but 

not group by time F(1, 274)  = 0.98, p = 0.38. 

In the mixed model for TMT-B, the fixed effects included group (Usage: high/low) as the 

explanatory variable of interest with gender and age. Random effects consisted of school, class, 

and child. Like the previous mixed models, the non-significant intercepts of school and class for 

the TMT-B model led to the treatment of these variables as fixed effects in subsequent analysis. 

Random intercepts however, were significant (β = 7.6, SE = 1.64, p < 0.01) and therefore 

included as random intercepts in further analysis. 

 Results for the TMT-B task showed that main effects for age F(1, 236) = 9. 85, p < 0.01        

and time F(1, 183) = 16.20, p < 0.01 was significant, suggesting that older children performed 

better on the task with children performing better in the spring than in the fall. There was only a 

trend toward significance when examining the main effect for group F(1, 210) = 3.77, p = 0.053. 

The analysis revealed a significant interaction effect for age by time F(1, 184) = 4.02, p < 0.01 
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but not group by time F(1, 185) = 0.31, p = 0.57). These data cannot confirm that usage of 

classroom PA was a significant predictor of children’s scores on the TMT task.  

 Visual memory task. Like the previous analyses, the visual memory mixed model 

consisted of the group (Usage: high/low) as the explanatory variable with gender and age also 

included. The random effects for school, class, and child (β = 0.72, SE = 0.55, p = 0.18) were not 

significant. However, given the trends of the other models, the age differences in the children 

and the marginally low p-value of the children’s random effects, children were treated as random 

effects in further analysis. 

 Main effects analysis for the visual memory task indicated that age F(1, 315) = 12.09, p < 

0.001, and time F(1, 331) = 5.17, p = 0.17 were significant, but not group F(1,122) = 1.58, p = 

0.21. There were no significant interaction effects observed for group by time F(1, 274) = 1.62, p 

= 0.20 or age by time F(1, 293) = 1.04, p = 0.37, which suggest that usage of classroom PA was 

not a predictor of children’s scores on the visual memory task. 

Discussion 
  

 Grounded in the WSCC and CSPAP frameworks, the present study investigated high- 

and low-usage classroom PA and children’s cognitive performance. The primary finding was 

that mathematics significantly improved over the school year in the high-usage group compared 

to the low-usage group. In terms of mathematics, these results are consistent with general 

research trends which indicate a relationship between academic performance and PA and 

physical fitness (e.g., Castelli et al., 2007), as well as classroom-specific findings suggesting that 

active classrooms are positively associated with academic performance (e.g., Donnelly et al., 

2011). In the present study, children in high-usage classrooms showed significantly more 

improvement from fall to spring compared to children in low-usage classrooms. These findings 
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partially corroborate previous research examining mathematics performance and sustained 

engagement in PA during school (Erwin, Fedewa, & Ahn, 2012; Hollar et al., 2010; Donnelly et 

al., 2009). Some studies have produced inconclusive results relative to classroom PA and 

mathematics performance (Donnelly et al., 2017; Reed et al., 2010).  

Findings did not conclude a significant difference between high- and low-usage groups 

concerning TMT or visual memory cognitive tasks measuring components of EF. The 

relationship between PA and physical fitness has been shown to be more pronounced with tasks 

requiring more complex cognitive processes (Donnelly et al., 2016). This examination did not 

include a measure of response inhibition, which is observed to be positively associated with PA 

and physical fitness (e.g., Buck, Hillman, Castelli, 2008). Additionally, the trend toward 

significance on part B of the TMT might be an indication of a relationship between sustained PA 

engagement and performance on complex tasks requiring cognitive flexibility. The TMT-A and 

visual memory task may have lacked the sensitivity to accurately assess less complex cognitive 

processes. One of the challenging aspects of conducting PA and cognition research in an 

authentic setting is the variability of results based upon the instruments selected by the researcher 

(Donnelly et al., 2016). 

Implications   

 The findings from this study contain implications for teacher preparation programs. It has 

been observed that teachers are more willing to implement PA into the classroom when they 

have had positive experiences with movement integration in teacher education courses (Naylor et 

al., 2006). If classroom teachers are encouraged to provide PA opportunities to children, it is 

reasonable that pre-service teachers be given many opportunities to practice managing active 
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children before securing employment (Goh et al., 2013). Teacher education programs could 

expose pre-service teachers to a variety of methods for PA integration in classrooms.  

As PA could be integrated into lessons or occur during transitions (Webster et al., 2015), 

providing pre-service teachers resources, instruction, and peer-teaching opportunities may help 

future classroom teachers develop greater self-efficacy for managing active children in a 

classroom setting (Webster et al., 2013). Although there are a number of resources available for 

teachers to use (e.g., Take 10!, SPARK, Energizers; Stewart, Dennison, Kohl, & Doyle, 2004; 

Sallis et al., 1997; Mahar et al., 2006), college courses could engage pre-service teachers in 

creating and sharing activities with peers (Goh et al., 2013). Perhaps the most effective way to 

facilitate teacher usage of PA is by providing opportunities for pre-service teachers to observe 

teachers who regularly implement PA in the classroom. Practicing teachers could then allow 

observers to teach an active lesson that the teacher has already taught, or facilitate a PA session 

during transitions between subjects.   

A final step in the process of integrating PA into preparation programs could involve the 

strategic placement of student teachers. Pre-service teachers who are more apprehensive about 

classroom PA might be placed with a cooperating teacher who frequently utilizes a variety of 

movement strategies with the children in his/her class. Research has indicated that field 

experiences with a cooperating teacher are perhaps the most influential of all pre-service 

teacher’s experiences (McIntyre, Byrd, & Foxx, 1996). Also, teacher preparation programs could 

advocate for PA in the classroom as an extension of best practice. Student teachers already 

comfortable with the notion of classroom PA could be placed with teachers that rarely or never 

use PA. As classroom teachers presently perceive barriers to PA integration (Cothran, Kulinna, 
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& Garn, 2010), the collaboration between teacher education and practitioners may help to 

mitigate these barriers and facilitate the increase of children’s PA levels in school.  

Conclusion 

 In summary, classroom PA is endorsed by several national organizations (e.g., IOM, 

2013; CDC; 2013). Amidst the declining PA levels in schools, the practice of incorporating PA 

in the classroom setting is appropriate and responsive. The present study along with other 

emerging research suggests that classroom PA may not only provide children with more health-

enhancing PA but also may facilitate children’s cognitive performance. However, as Donnelly et 

al. (2017) observed, the translation of lab-based research findings to practice in a classroom 

setting remains difficult because of the anxiety teachers experience in planning and leading the 

activities. Thus, while there is rapidly growing evidence that PA and physical fitness improve 

children’s cognition, there is a current need to accelerate research and implementation efforts 

designed to ascertain the most efficient methods for preparing teachers to implement PA in 

classrooms.  

Delimitations and Limitations 

 Delimitations for the present study involved the method of sampling. The purposeful 

sampling of schools may have limited the range of possible findings. Teachers who utilize other 

forms of classroom PA or movement interventions were not included in this examination. 

Additionally, the researcher’s choice of cognitive tasks is a delimitation in this study. Alternative 

measures for assessing cognitive performance may have been more sensitive to the effects of 

sustained PA on children’s EF. The limitations of this study include using teacher self-report 

data for classroom PA usage. Though PA usage was reported, fluctuations in teacher usage may 

have occurred. Measuring children’s PA at various times (e.g., twice per month) throughout the 
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year may have rendered a more accurate accounting of teacher usage and children’s PA intensity. 

Similarly, this study did not account for children’s participation in PA outside of the classroom 

environment.  
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Table 1 

 
Group Means (SD) of Descriptive Data for PA Usage by Group 
 
Variables High Usage Low Usage P-value 
 n = 229 n = 116  
Age 7.01 (1.08) 7.05 (0.96) 0.60 
Gender (female, %) 46.39 45.45 0.36 
Steps (#/session) 
MVPA (% time) 

382.68 (171.48) 
43.79 (17.58) 

277.40 (175.03) 
33.15 (24.89) 
 

0.001 
0.001 

Note: Steps (#/session) = Children’s step count per one session of classroom PA, MVPA (% 

time) = Percentage of time children spent in moderate to vigorous PA in a single classroom PA 

session. 
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Table 2 
 
Main and Interaction Fixed Effects 
 
 Math TMT A TMT B Memory 
 F p-value F p-value F p-value F p-value 
Group 0.19 0.33 2.13 0.15 3.77 0.053 1.44 0.23 
Age 63.83 0.001 16.92 0.001 9.85 0.001 12.09 0.001 
Time 60.05 0.001 17.44 0.001 16.20 0.001 5.17 0.17 
Group*Time 4.75 0.03 0.98 0.38 0.31 0.57 1.62 0.20 
Age*Time 14.20 0.001 16.69 0.01 4.02 0.01 1.04 0.37 
 
Note: Group*Time, group by time interaction; Age*Time, age by time interaction; TMT = Trail 

Making Test; Memory = visual memory task. 
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Table 3 

Pre(SE), Post(SE), and Difference Scores for Cognitive Variables 

 

 Fall Spring Difference p-value  

HU Math 7.63(0.53) 11.30(0.51) 3.67    0.03 

LU Math 8.11(0.50) 10.78(0.48) 2.67 

HU TMT-B 8.31(1.15) 12.41(0.74) 4.10    0.99 

LU TMT-B 7.33(1.15) 11.07(0.62) 3.74 

HU Memory 6.74(0.41) 6.53(0.44) -0.21    0.21 

LU Memory 5.32(0.50) 6.15(0.54) 0.83 

 

HU Math, high-usage mathematics; LU, low-usage mathematics; HU TMT, high-usage Trail 

Making Test; LU TMT, low-usage Trail Making Test; HU Memory, a high-usage visual memory 

task, LU Mem, low-usage visual memory task. 
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DISCUSSION 
 

 Scholars have outlined facilitators, barriers, and implementation patterns of teachers for 

incorporating classroom PA as part of the daily routine (e.g., Webster et al., 2017). However, 

most of these studies have utilized online surveys or short teacher interviews (McMullen, 

Kulinna, & Cothran, 2014; Parks, Solmon, & Lee, 2007). Relatively little is known about the 

daily practices, including frequency, intensity, and duration, of teachers who utilize PA in 

classrooms (Webster et al., 2015). With no current guidelines governing the use of PA in 

classroom settings, it is presently unclear how teachers provide PA opportunities to children, 

although, there is evidence that classroom PA is generally brief (Howie et al., 2014) and low in 

intensity (Brusseau et al., 2011). Additionally, regarding classroom PA and cognition, only one 

study (Ma et al., 2015) suggests that durations of 6 or fewer minutes of PA improve cognitive 

function. Likewise, little is still known about the effects of chronic classroom PA on cognitive 

performance.  

 This dissertation contributes to previous research by providing insight into the 

characteristics that accompany high- and low-active classrooms. Further, it examines acute and 

chronic classroom PA and cognitive performance. Each study considers different research 

questions with the intent to coalesce the findings into a broader understanding of practical and 

appropriate methods for teachers relative to the implementation of classroom PA. These insights 

support a larger school and community effort to help children accumulate a minimum of 60 

minutes of PA per day.  

 Although there is some evidence in this dissertation that classroom teachers are capable 

and willing to integrate PA, there are other teachers who fear to have PA in the classroom. When 
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PA opportunities are frequently incorporated and are of a higher intensity (e.g. running in place), 

children may benefit from the resulting positive class climate and improved cognitive 

performance. Cognitive performance is likely linked to certain cognitive processes, but not all 

components of EF. 

Teacher Education 

 Broadly, this dissertation carries implications for teacher preparation and professional 

development with accompanying questions for future research. Currently, it is unclear if and how 

classroom teachers are being prepared to incorporate PA across the school day. Teachers are 

likely being encouraged to facilitate active classrooms without prerequisite training and support. 

Researchers could explore the most effective methods for training future teachers to deliver 

multiple PA opportunities in the classroom. Some preparation programs offer a single course 

specifically designed to prepare classroom teachers for managing physically active children 

while others may not. However, there is a lack of research examining the effectiveness of these 

courses offered in isolation from the other program experiences. Preparation programs may 

consider spiraling and infusing PA across courses as a natural extension of best teaching practice 

(Goh et al., 2013).  

 Like teacher preparation, professional development for including PA in the classroom is 

limited (Howie et al., 2014). None of the teachers in this study experienced formal training for 

managing active children except instructions peculiar to the usage of web-based videos. The lack 

of training may have led to the wide range of PA implementation which ranged from no usage to 

multiple times per day. Although a few scholars have provided ideas for how to conduct 

professional development for teachers with a focus on PA implementation (Donnelly et al., 2017; 

Howie et al., 2014), there is a dearth of confirming research supporting those ideas. Questions 
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remain as to what type of training is most effective for teachers as well as who should deliver the 

training. Likewise, it is unclear what role district and school administrators should play in 

training and monitor PA in classrooms. It has been observed that teachers are more likely to 

provide PA for children when they feel administrative support (Parks, Solmon, Lee, 2007). Case 

studies are examining schools that have effectively infused PA throughout the school day, where 

teachers feel supported in their efforts to provide PA for children, are needed to extract principles 

of implementation that may be applied to other school and classroom settings.  

Classroom PA and Cognition 

 The cognitive benefits of PA for children are well known (Donnelly et al., 2016). This 

dissertation explored the nature of PA and the relationship of PA and cognitive performance in a 

classroom setting because research on PA and cognition within this space is underrepresented. 

As classroom teachers have greater access to children than another school faculty, they may be 

ideally situated to assist parents and other school personnel in shaping the PA habits of children 

across the lifespan. Formal education involves inherent time restraints and competing priorities. 

While some have advocated for higher intensity PA because of the fixed short duration of PA in 

classrooms (Donnelly et al., 2017), there is still a lack of supporting evidence that short durations 

(six minutes or fewer) improve cognitive performance in children. Although there is some proof 

in this dissertation that moderate PA in classroom settings may be most beneficial for cognitive 

performance post exercise, more research is needed to confirm these findings. While there are 

likely cumulative health benefits for engaging in multiple bouts of PA for durations of only a few 

minutes, inconclusive findings from this dissertation and the extant literature suggest longer 

durations of PA are necessary for an observable cognitive response (Howie, Shatz, & Pate, 2015; 

Phillips et al., 2015). Regarding practical implications, teachers may consider incorporating 
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multiple short-duration PA sessions (e.g., 4-6 minutes) across the school day with a few longer-

duration (e.g., 10-20 minutes) activities spread across the week. These longer sessions could 

precede the most intensive academic tasks.  

 The effect of chronic classroom PA and cognition in children is still understudied. 

Research suggests a relationship with PA, physical fitness, and academic achievement (e.g., 

Castelli et al., 2007), yet findings in classroom settings are mixed (Donnelly et al., 2017; 

Donnelly et al., 2011). One of the barriers to researching classrooms across a school year or 

multiple years is teacher fidelity to treatment (Donnelly et al., 2017). Regardless of the method 

of usage reporting, it is difficult to monitor the frequency, intensity, and duration of PA 

engagement for children over a school year or multiple years. Notwithstanding these challenges, 

findings from this study support current literature indicating that PA in classrooms is not 

detrimental to learning, but rather, may increase it. Mixed methods research in classrooms is 

needed, especially over an extended period. Descriptive data may help explain variability in 

quantitative findings and help researchers better identify teachers with high and low fidelity to 

treatment. Simply accounting for self-reported minutes may not accurately represent actual child 

engagement in PA.  

Classroom PA and Climate 

 Future research could include causal studies examining the effects of PA on classroom 

climate perceptions. Given that classroom climate influences learning (Durlak et al., 2011), 

examining those practices that foster positive class climate is warranted. No known study has 

examined the effects of classroom PA on perceptions of class climate. Future directions could 

include child voices about classroom PA. It has been observed that the opinions of children are 

often last considered when making decisions about PA in schools (Graham, 1995). 
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Understanding what children expect and desire concerning classroom PA has merit. In this 

dissertation, classroom PA usage was positively associated with perceptions of climate for both 

teachers and children indicating that many PA engagement may decrease perceptions of friction 

and competition while increasing enjoyment and satisfaction in the overall classroom experience. 

Delimitations and Limitations 

 The strengths of this dissertation include the utilization of 40 classrooms across two 

districts, six schools, and five grade levels. However, choosing to research authentic 

environments like schools introduces potential confounders. Therefore, these results must be 

interpreted within the framework of the broader literature base. The schools were purposefully 

selected because they had gained access to a PA video library. The purposeful selection of 

schools may limit the generalizability of the findings. Given the specific aims of this dissertation, 

teacher voices and student responses from sedentary classrooms are underrepresented in all the 

studies. Furthermore, there are many options for delivering PA to children. Children’s response 

to other types of PA that do not include videos may differ. Similarly, the conclusions of this 

research are limited to the cognitive assessments that were utilized.  
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APPENDIX A: REVIEW OF LITERATURE 

 School-aged children should have opportunities to engage in physical activity across the 

school day to enhance physical and mental health. With the recognition of physical activity as a 

health risk factor associated with cardiovascular disease (World Health Organization [WHO], 

2010), and the rapid declination of fitness in the United States (Tomkinson, Leger, Olds, & 

Cazorla, 2003), the importance of establishing healthy decision-making has increased. Children 

can experience a host of benefits from regular PA engagement (i.e., increased cardiorespiratory, 

metabolic, musculoskeletal, functional, and emotional health; WHO, 2010; Janssen & LeBlanc, 

2010). Moreover, habits established in childhood are likely to track into adulthood (Tammelin, 

Viikari & Raitakari, 2014; Telama et al., 2005). Also, the elevation of BMI among children 

increases the risk of cardiovascular disease later in life (Haque et al., 2008). It is important, 

therefore that school personnel intervenes early in a child’s life by providing appropriate 

instruction and PA opportunities that have the potential to lead to a healthy lifestyle (Sallis et al., 

1992).  

Children and PA 

 Currently, national guidelines recommend that school-age children accumulate at least 60 

minutes of PA per day, with most of those minutes spent in moderate to vigorous PA ([MVPA], 

United States Department of Health and Human Services, 2008). A systematic review of the 

literature indicated a strong dose-response relationship between PA and numerous health 

indicators, concluding that engagement in PA as little as two to three hours per week can be 

beneficial. Also, strong evidence suggests the more daily PA children accrue, the greater the 

health benefit (Janssen & LeBlanc, 2010), especially considering that children who are 
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physically active are more likely to become active adults (Trudeau, Laurencelle, & Shephard, 

2004). Nevertheless, youth PA engagement remains well below professional guidelines and thus 

constitutes a serious public health issue (Strong et al., 2005). Utilizing accelerometry data, 

Troiano (2008) and colleagues found that only 42% of children meet daily PA guidelines; with 

boys displaying significantly more PA than girls. Also, PA patterns decrease dramatically with 

age with only 6-8% of adolescents and 5% of adults accruing sufficient daily amounts.  

  Despite multiple warnings from the Surgeon General that children were becoming more 

sedentary (United States Division of Health and Human Services [USDHHS, 1996, 2008]) 

sedentarism and subsequent unfavorable health outcomes, including obesity, has continued to 

rise (Li et al., 2016). A lack of sufficient PA in children and teens has been linked to physical, 

social, and cognitive ailments such as high Body Mass Index (BMI), decreased pro-social 

behavior, and diminished academic achievement (Tremblay et al., 2011). As increased PA can 

improve children’s health, schools can be an arena for increasing children’s PA as no other 

organization can provide the structural support necessary to provide PA services to youth. Given 

the low levels of PA among youth, this review of literature is focused on physical activity 

interventions across the school day and its’ subsequent known effects on children’s cognition. 

Physical Activity in Schools 

 Systematic accountability initiatives (e.g., No Child Left Behind; Race to the Top) have 

unintentionally produced outcomes contributing to the creation of obesogenic schools. Given the 

known benefits of structured and unstructured PA, the Child Nutrition and WIC Reauthorization 

Act of 2004 required that all schools develop a wellness plan (Ramstetter, Murray, & Garner, 

2010). Notwithstanding this legislation, the general academic first mentality placed pressure on 

school administrators to demonstrate that children were receiving sufficient instruction in 
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academic areas such as mathematics and science. The required public reporting of children’s 

performance, through school report cards, meant that time in the daily schedule traditionally 

reserved for recess and physical education were now being dedicated to offering more time in 

math and science. In some cases, in each six-hour day, a school-aged child could have no time 

for PA, as only 6% of schools have daily physical education, and 16% have daily recess. 

 Despite the magnitude of such unintended outcomes, schools remain an ideal place to 

offer opportunities for children to be physically active, for several reasons. First, most children 

attend school (Wechsler et al., 2004), thus affording the potential for the greatest reach and 

impact across cultures and demographics. Second, children who participate in the whole-of-

school approach can accumulate most of their daily MVPA in school (Beighle, Morgan, Le 

Masurier & Pangrazi, 2006). Third, most schools have developmentally appropriate space for 

promoting both structured (e.g., physical education in a gymnasium) and unstructured physical 

activity (e.g., on the playground at recess; Pate et al., 206). While these three reasons are 

inherently true, such an approach requires physical educators and other school personnel to 

rethink their roles surrounding the provision of PA (Sallis et al., 2012; Sallis & McKenzie, 

1991).  Several intervention efforts targeting youth in schools have sought to reverse the 

philosophy that health and academics are mutually exclusive (Ahamed et al., 2007; See PA, 

physical fitness, and academic achievement section below).  

However, in response to the accelerating obesity epidemic, a unique partnering of 

agencies and organizations have pooled resources in a combined effort toward enhanced 

childhood PA and wellness. Also, since the publication of the PA guidelines, many researchers 

are shifting focus from skill acquisition to PA and fitness in physical education. A recent review 

of 262 peer-reviewed journal articles revealed most of published research in physical education 
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now stems from inquiry concerning children’s PA rather than psychomotor development or game 

performance (Li et al., 2016). This trend may represent a tilt toward a more public health 

approach to physical education specifically and schools generally (Sallis & McKenzie, 1991). 

However, a randomized group controlled trials are still underrepresented in the literature (Li et 

al., 2016). Nevertheless, it appears clear that the responsibility for the enhancement of children’s 

health through enhanced PA must extend beyond the formal physical education teacher to 

include the entire school's staff since children are sedentary most of the school day (Abbott, 

Straker, & Mathiassen, 2013).  

Coordinated Health Models in Schools  

 Coordinated health models may be defined as multi-component initiatives that involve 

the use of common messaging and shared resources. While coordinated health models originated 

in the 1930s (Erwin, Beighle, Carson, & Castelli, 2013), recent years have witnessed a more 

concerted effort to increase children’s PA while at school. The Whole School, Whole Child, 

Whole Community (WSCC) approach is a comprehensive, child-centered, multi-component 

model which seeks greater alignment, integration, and collaboration across sectors of health and 

education. This model expands previous models to the following ten components: (a) health 

education; (b) nutrition environment and services; (c) employee wellness; (d) social and 

emotional school climate; (e) physical environment; (f) health services; (g) counseling, 

psychological, and social services; (d) community involvement; (e) family engagement; and, (f) 

physical education and physical activity (5.19.16 obtained from  

http://www.cdc.gov/healthyschools/wscc/components.htm).  

Many Texas schools have adopted a collaborative approach to school health. The term, 

“coordinated school health” was adopted by the CDC in 2007 (CDC, 2011). In 2008, Texas 
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mandated that schools adopt a coordinated school health (CSH) model and ensure that children 

obtain a minimum of 135 minutes of PA per week with most of those minutes engaged in MVPA 

(Cooper et al., 2010). The original CSH model is comprised of eight components ranging from 

formal physical education and health services for children to involvement of the family and all 

school staff. Similarly, a Comprehensive School Physical Activity Program (CSPAP) has been 

identified as a Whole-of-School approach in organizing and advocating for PA before, during, 

and after school. 

 CSPAP and PA Interventions 

 By targeting specific programs, times in a daily schedule or individuals who can support 

PA opportunities for children, CSPAP is a Whole-of-School approach with potential reach and 

sustainability. A CSPAP has demonstrated feasibility to increase children’s PA throughout the 

school day (Burns, Brusseau, & Hannon, 2015; Centeio et al., 2014; Goh et al., 2014). Moreover, 

physical educators appear to be receptive to the challenge (Centeio, Erwin, Castelli, 2014). Even 

though support for a CSPAP among physical PETE faculty in preparation programs is positive, 

the most efficient way to prepare preservice teachers for these roles is not yet clear (Russ, 

Webster, Molina, Hee & Cribbs, 2016; Brusseau et al., 2015). 

  Within a CSPAP framework, early morning walking and running clubs have been shown 

to significantly contribute to a child’s daily PA (Burns et al., 2016). Additionally, classroom 

teachers can significantly enhance children’ daily PA within this framework (Goh et al., 2014) 

and quality physical educators are operating within a CSPAP have been reported to increase 

children’s activity levels (Chen et al., 2014). A comprehensive approach has also been reported 

to significantly increase both children and parents PA in urban settings (Centeio et al., 2014). 

However, several questions remain about the training and preparation needed for physical 
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educators and other faculty members to fully embrace the responsibilities and opportunities of 

championing a CSPAP (Kelder, Goc Karp, Scruggs, & Brown, 2014). For example, McMullen, 

van der Mars, & Jahn (2014) found that preservice physical education children had difficulties 

interacting with high school students outside of a traditional physical education class and 

distinguishing between their roles as a teacher of physical education and a promoter of PA. The 

authors assert the necessity of preparing PETE majors early in their undergraduate program for 

the expanded vision and roles inherent within a CSPAP. Others have noted that while the basic 

principles of a CSPAP appear to be sound, each school must tailor their programs to meet their 

individual needs and context (Jones et al., 2014).   

Although relatively few schools in the US currently employ all five CSPAP components 

(Jones et al., 2014) several schools may be partial implementers. It is noteworthy that a CSPAP 

is a framework for the organization of PA, but many districts, schools, and individual teachers 

have been applying its’ principles, at least in part, for some years. For example, Ernst and 

Pangrazi (1999) observed that children’s school PA increased significantly when district and 

school interventions were in place. However, results from the study remain unclear as PA was 

measured through self-assessment. A follow-up study by Pangrazi, Beighle, Vehige, and Vack 

(2003) using pedometers, examined 35 Arizona elementary schools’ implementation of a school 

PA intervention termed Promoting Lifestyle Activity in Youth (PLAY). Researchers noted that 

PLAY was utilized as a supplemental PA response and not a replacement for physical education. 

They observed that the treatment effectively increased children’s PA levels, especially for girls. 

This study may be particularly informative as males are routinely more physically active than 

females (Troiano et al., 2008). Likewise, research in Canada has demonstrated the feasibility of 

whole-school approaches toward incremental increases of children’s PA across the school day, 
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particularly when involving the family and community (Naylor et al., 2006). Similarly, recent 

research in Australia among secondary students illustrates the efficacy of multicomponent 

whole-school approaches (Sutherland et al., 2016). Nevertheless, several barriers remain which 

hinder the transfer from theory to practice. These barriers include teacher overload, shortage of 

resources, teacher and administrator buy-in, and feasibility issues related to transportation and 

legal concerns (Jones et al., 2014). As such, additional research on school PA interventions has 

been called for (Dobbins, Husson, DeCorby, LaRocca, 2013). Several intervention efforts 

targeting children in schools have sought to reverse the idea that health and academics are 

mutually exclusive (Ahamed et al., 2007). 

Physical Activity, Physical Fitness, and Academic Achievement  

 Not only are researchers discovering that daily school PA does not impede academics, 

accumulating evidence suggests a positive relationship between fitness/PA and academic 

achievement (AA). In children, academic achievement can be identified as the realization of 

educational goals measured by assessment (Donnelly et al., 2016). Children who are physically 

active in schools for single short bouts daily may reap multiple physical and cognitive benefits. 

Acute bouts of PA, defined as a single session of PA of short duration (generally less than 60 

minutes), have been linked to greater AA with school-aged children (Howie & Pate, 2015; 

Hillman et al., 2009). For example, Phillips et al. (2015) utilized a within-subjects experimental 

design with two 8th grade physical education classes to determine the effect of vigorous, acute 

exercise on mathematics test performance. Results suggest that vigorous, acute PA may increase 

mathematics performance for up to 30 minutes post exercise. In addition, when children engage 

in regular or chronic PA, defined as meeting the daily PA recommendations, the relationship 

between PA and academic achievement is even more robust (e.g., Castelli et al., 2007; Kamijo et 
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al., 2014; Welk et al., 2010; Chomitz et al., 2009), particularly when PA is aerobic-based 

(Fedewa & Ahn, 2011). These studies suggest that when children participate in regular PA, they 

can enhance physical fitness and thereby also improve their academic achievement.  

Most studies examine elementary children beginning in third grade presumably because 

that is when mandated fitness testing in physical education and state academic testing in the 

classroom begins. Research in schools often utilizes FitnessGram® data as a valid measure of 

physical fitness (specifically the PACER test which measures cardiorespiratory endurance), and 

standardized tests as a measure of academic achievement. For example, in a cross-sectional study 

of 259 third and fifth-grade children in Illinois, utilizing FitnessGram® and standardized math 

and reading achievement data found a positive relationship between children’s fitness and 

reading, math, and total academic achievement. That is, those children who were more 

physically fit were more likely to perform better in school (Castelli et al., 2007). Two years later, 

Chomitz et al. (2009) employed a cross-sectional design examining state academic achievement 

tests and fitness tests conducted in physical education. They found a significant positive 

relationship between children’s overall physical fitness and academic achievement. Larger 

studies like the one carried out in California among fifth, seventh, and ninth grade children (N = 

1989) revealed a positive association between fitness and academic achievement and a negative 

association between Body Mass Index (BMI) and academic achievement (Roberts, Freed, & 

McCarthy, 2010). Several more studies have similar conclusions (e.g., Coe et al., 2013; Hansen 

et al., 2014; Chih & Chen, 2011; Sallis, McKenzie, Kolody, Lewis, Marshall, & Rosengard, 

1999). One study reported a positive relationship with time spent in physical education and AA 

among girls (Carlson et al., 2008). The results of this research are encouraging as these studies 

indicate that there exists a universal positive relationship between physical fitness and AA in 
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school-aged children and that efforts to reallocate time toward PA in schools are justified and 

timely.  

Physical Activity and Executive Function Among Children 

 One additional way to measure the processes affiliated with learning is to focus on the 

notion that information processing is a major factor in learning. Executive function (EF), broadly 

speaking, is an overarching term understood as effortful, goal-oriented, cognitive functions 

necessary to concentrate and pay attention (Diamond, 2008), which underlie AA (Hillman, 

Kamijo, & Scudder, 2011). How one schedule, plans, and prioritizes information is organized 

into four subcomponents of attention, inhibition, working memory, and cognitive flexibility 

(Norma & Shallice, 1986; Miyake et al., 2000). Inhibition (or inhibitory control) involves the 

ability to ignore distracting stimuli. Working memory permits the retention of and ability to 

manipulate information mentally. Cognitive flexibility permits the switching of attention 

between competing tasks (Davidson, Amso, Anderson, & Diamond, 2006). These cognitive 

processes are theorized to be malleable, essential for self-directed behavior (Banich, 2009) and 

particularly sensitive to exercise (Hillman et al., 2011); therefore, interventions that increase EF 

in the elementary years may be especially useful in facilitating children’s learning.  

 Physical activity engagement has been demonstrated to improve executive functions 

underlying learning in both chronic, that is repeated, and acute, or single, sessions (Kamijo et al., 

2014; Hillman et al., 2009; Hillman et al., 2014; Best, 2010; Tomporowski, Lambourne, & 

Okumura, 2011). As early as 1979, a study involving second graders concluded that fifty minutes 

of PA might improve children’s alertness and subsequent performance on academic tasks given 

five minutes after exertion (Gabbard, & Barton, 1979). Since that time, research involving PA 

and cognition gradually increased for over 20 years. The past decade has witnessed an 
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exponential increase in this line of the investigation, however, given the high variability of 

results, there are many unanswered questions. However, the research to date is both encouraging 

and insightful.  

A recent cross-sectional study in the Netherlands revealed an inverse relationship 

between sedentary behavior and inhibition and a positive relationship between PA and planning 

for children ages 8-12 (van der Niet et al., 2015). Another study conducted by Davis, Tkacz, 

Tomporowski, & Bustamente, 2015 examined the independent relationships of PA and weight 

status on children’s EF. Children who were both normal weight and active displayed higher 

planning and attention scores than overweight, inactive children while normal weight inactive 

children had a higher attention score than overweight, inactive children. The findings of this 

study support previous research (Tomporowski et al., 2011) suggesting that children’s weight 

status may mediate PA and cognition in children. However, research conducted by Davis et al., 

2007 revealed that overweight children who engaged in consistent, vigorous exercise (40 

minutes per day) for five days per week, over 15 weeks, displayed significant gains in EF pre-to-

post intervention. Children with lower doses of PA, however, showed no improvement. This 

study may be particularly informing when considering both the dose of PA and the fitness level 

of the child. In other words, children who are categorically unfit but who engage in PA for a 

sustained amount of time may experience more cognitive benefits than their more fit peers. One 

implication then is that schools that champion PA across the school day may serve the dual 

purpose of improving the health and cognitive functioning of those most in need.   

Perhaps one of the most oft-referenced studies examining acute PA and EF is Hillman et 

al. (2009) which utilized a within-subjects repeated measures design with 20 children in a lab 

setting. Participants were measured after 20 minutes of walking on a treadmill and 20 minutes of 
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resting with no intervention. Participants were randomly selected (10 in each group) to 

participate in walking or resting activities first. Findings revealed that 20 minutes of walking on 

a treadmill at moderate intensity had significant beneficial effects on inhibitory control and 

reading comprehension while the resting condition showed no differences between their pre-and 

post-test scores. This study was pivotal and timely as it carved out a line of research about acute 

bouts of PA and its’ effects on cognitive function and as such is used for advocacy proposes in 

promoting PA in schools.  

Researchers have called for further PA and cognition research with children in authentic 

settings like schools in addition to lab-based studies (Phillips et al., 2015; Castelli et al., 2014). 

While some teachers are currently employing PA breaks in the classroom most of the existing 

research focuses on chronic PA rather than acute PA sessions, and thus the cognitive effects of 

short bouts of PA are largely unknown among school-aged children (Howie, Shatz, &Pate, 

2015). Additionally, little is known about the effects of intensity of exercise during these brief 

bouts, though some research indicates that intensity may be particularly salient in enhancing 

children’s cognitive processes (Phillips et al., 2015). 

Classroom Physical Activity  

 As part of a CSPAP, classroom teachers have implemented PA breaks to reset attention 

and teaching academic content through movement (Erwin et al., 2013). Classroom teachers are 

particularly well-positioned to facilitate children’s PA acquisition as children spend a majority of 

their time in classrooms and with their classroom teachers in other settings (Donnelly & 

Lambourne, 2011). However, classroom PA has been shown to account for less than 5% of total 

daily PA among children (Brusseau et al., 2011) even though the implementation of classroom 
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PA may be a feasible way to significantly increase children’s PA (Trost, Fees, & Dzewaltowski, 

2008).  

 Within classrooms, a teacher may choose to implement an entire curriculum of physically 

active lessons (e.g., TAKE 10!; Steward et al., 2004) or simply have the resources on hand to 

utilize during transitions throughout the day (Erwin et al., 2013). Moreover, classroom PA can 

involve blending content with PA (sometimes called physically active lessons) or incorporated as 

a break from academics (sometimes termed brain breaks; Bartholomew and Jowers, 2011).  

 Emerging research suggests that classroom PA is feasible and can significantly increase 

children’s PA (Erwin et al., 2009; Erwin et al., 2011; Phillips et al., 2014). When teachers 

participate with children in the activities, children’s PA rates increase (Donnelly et al., 2009; 

Pangrazi & Ernst, 1999). Furthermore, when children engage in classroom PA, they are more 

likely to remain on-task during academic lessons (Carlson, Engelberg, Cain, & Conway, 2015; 

Mahar et al., 2006; Grieco, Jowers, & Bartholomew, 2009) and perform better on standardized 

tests (Donnelly & Lambourn, 2011). However, few studies have examined the cognitive 

response of acute classroom PA breaks.  

 In 2006, Mahar and his colleagues examined the effects of PA breaks on school-day PA 

and on-task behavior. Fifteen elementary classes (first-fourth grade) were divided into control 

and treatment groups. Teachers in the treatment group employed one 10-minute PA break 

(termed an Energizer) each school day for eight weeks, while classes in the control group were 

asked not to utilize Energizers for the duration of the intervention. Results indicated that children 

who engaged in Energizers accrued significantly more PA (steps measured via pedometer) and 

demonstrated on-task behaviors more often than their peers in the control group.  
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 A comparable study using a within-subjects design, Grieco, Jowers, and Bartholomew 

(2009) examined 97 third-grade children across nine classrooms divided into treatment and 

control groups. The treatment groups participated in classroom PA over the school year, and the 

control group did not. Like Mahar et al., (2006) on task behavior improved following an active 

lesson and decreased following an inactive lesson. However, this study additionally examined 

the compensatory effects of BMI on time-on-task. Results concluded that BMI was inversely 

associated with TOT. The authors find that “BMI moderates the impact of physical activity on 

TOT” (pg. 1925), perhaps indicating that one of the reasons fit children perform better in school 

is their ability to sustain attention on a given task for longer than their less-fit peers.  

Notwithstanding the potential of classroom PA, researchers have identified several 

facilitators and barriers to its’ implementation. For example, when teachers feel prepared and 

self-efficacious they are more likely to implement classroom PA (Parks, Solmon, & Lee, 2007). 

Likewise, given the nature of an educator, those activities that encourage simultaneous academic 

learning are also more likely to be employed (McMullen, Kulinna, & Cothran, 2014). Perhaps 

the most salient facilitator for classroom PA is that children enjoy being active in that setting 

(Martin & Murtalgh, 2017). The persistence of seemingly insurmountable barriers of time, space, 

and fear continue to frustrate the full adoption of this practice (Dunkel, Schaffer, Snyder, & Lee, 

2016; Cothran, Kulinna, & Garn, 2010; Naylor et al., 2006). These barriers are perhaps more 

pronounced in schools with low SES or that are predominantly Latino (Turner & Chaloupka, 

2016).  

 Perhaps most concerning is that teachers do not appear to be collaborating on best 

practice for classroom PA even though classroom management concerns persists (Dinkel, 

Schaffer, Snyder, & Lee, 2016). Goh et al., (2013) suggests a need to increase teacher 
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collaboration, yet stop short of providing detailed recommendations. Although policy 

implementation may facilitate a more collaborative approach among teachers, recent research 

suggests that teachers have mixed feelings about implications of such policy. While some 

teachers feel specific PA, policies need to be crafted relative to the classroom setting, others are 

ambivalent, fearing a top-down approach would lead to teacher resentment (Stylianou et al., 

2015). However, even though teacher attitudes may be a barrier to active having active 

classrooms (Evenson, Ballard, Lee, & Ammerman, 2009), many teachers are fundamentally 

positive to the idea of fostering children’s PA in a classroom setting especially considering the 

accompanying enjoyment of the children.   

Classroom Physical Activity and Executive Function 

 One additional barrier to physically active classrooms is the present lack of guidelines 

and recommendations for such activity. The lack of guidelines may be partially due to the 

inconclusive of the evidence in determining the optimal dose required to elicit cognitive gains. A 

2009 study in Germany examined 81 seventh-grade children to identify effects of a five-minute 

classroom exercise break and a 30-minute aerobic physical education lesson on EF. The results 

indicate that children who engaged in 30 minutes of physical education had significantly 

enhanced on-task attention whereas those who participated in the 5-minute PA break displayed 

no pre-to-post differences (Kubesch et al., 2009).  

 Guided by the following three studies, a recent study by Howie, Schatz, and Pate (2015) 

examined the dose-response relationship of varying durations of classroom PA breaks on 

children’s cognitive functions. Again, employing a within-subjects experimental design, fourth- 

and fifth-grade children were divided into treatment groups of sedentary, or 5-, 10-, and 20-, 

minute classroom PA breaks, with the only manipulation being the duration of the PA. Children 
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were measured on three cognitive tasks: Trail Making Test (TMT), digit recall and timed math 

test. Results revealed a significant increase in math scores after 10- and 20-minutes but not after 

5-minutes or with the sedentary group. No other significant differences were found about the PA 

durations, digit recall, and TMT. This study represents “the first study to directly compare the 

acute effects of varying doses of classroom exercise breaks on acute cognitive effects” (pg. 221) 

and therefore a significant contribution to the extant literature. However, although the 

researchers utilized the System for Observing Fitness Instruction Time (SOFIT) the intensity of 

the children’s PA engagement within each treatment condition remains unclear as no objective 

measures were used (i.e., accelerometer, pedometer). Given that relatively few studies examining 

the academic and health effects of classroom PA have been published in peer-reviewed journals, 

more research is warranted (Erwin, Fedewa, Beighle, & Ahn, 2012).  

Physical Activity and Perceptions of Class Climate 

 To date, no known published studies have examined the association between classroom 

PA, class climate, and enjoyment. The literature on the determinants of class climate as well as 

the relationship of PA engagement and children’s perception of climate in a physical education 

setting may be relevant. Typically, in physical education, a positive class climate denotes a 

setting that is motivationally stimulating and perceived as emotionally safe for children to 

participate in the activities (Solmon, 1996). Although the notion of class climate can be 

examined within some frameworks, Self-Determination Theory (SDT) accounts for the child-to-

child or teacher-to-child relatedness. Within the SDT framework, girls’ PA patterns have been 

observed to be particularly influenced by the nature of interpersonal relationships (Shen et al., 

2012).   
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 Within classrooms, the class climate is often operationalized as the interpersonal 

exchanges that occur among students (Loukas, Suzuki, & Horton, 2006). No known studies 

relative to classroom PA and children’s climate perceptions is reported. The examination of PA 

and class climate within this dissertation may help researchers explore more questions about the 

effects of PA implementation on the perceptions of class climate in school-aged children.  

Staff Involvement as a Portion of CSPAP 

 A recent study by Turner and Chaloupka (2016) utilized survey data from 640 public 

elementary schools to examine the current reach and implementation of PA in elementary school 

classrooms. While 75% of schools surveyed reported the use of some classroom movement 

integration, those who were predominantly White and higher socioeconomic status were 

significantly more likely to implement PA. The authors conclude that the reach of PA in 

elementary school classrooms is low and additional research is warranted. 

 Even though teachers may be reluctant to use class time for PA because of academic 

accountability pressures (Parks & Solmon, 2007), when teachers are given the proper training 

(Naylor et al., 2006) and school support (Webster et al., 2013) they are more likely facilitate 

classroom PA. Nevertheless, some teachers, though not philosophically opposed to classroom 

PA, still find it difficult to incorporate into the curriculum because of the lack of time or external 

expectations about standardized test scores (Cothran, Kulinna, & Garn, 2010). The notions of 

teachers caring for children’s lives beyond their classroom and teacher interest convergence 

about children’s PA are possible mediators for teacher promotion of PA and may supersede 

structural barriers (Cothran et al., 2010).  Conversely, some research indicates that classroom 

teachers have an unfavorable view or lack the self-efficacy necessary to include daily PA in their 
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classrooms (Faucette, Nugent, Sallis, & McKenzie, 2002) even when they are personally 

physically active (Parks, Solmon, & Lee 2007).  

 Scholars have indicated that teacher’s perceptions of classroom control (including chaos, 

space constraints and getting children back on task), may also impact a teacher’s decision to use 

PA breaks. Other factors include ease and enjoyment, and whether the PA breaks can be 

incorporated into the existing curriculum (McMullen, Kulinna, & Cothran, 2014). The authors 

assert that the introduction of these skills in preservice programs and their continual 

reinforcement through the provision of resources and periodic training may help the concept of 

children being physically active in the classroom be less “disconcerting” to the classroom 

teacher. Other researchers likewise conclude that having facilitator-support greatly increased the 

likelihood that teachers would use PA breaks (Delk, Springer, Kelder, & Grayless, 2014). 

Conclusion 

 The exponential increase of research examining PA and cognition in the past decade has 

produced evidence for a strongly associated and causal relationship. It seems self-evident that 

contemporary best practice in schools ought to involve a high degree of PA opportunities for 

children across the school day. As children are provided more PA in schools, they may 

experience greater health and cognitive benefits in childhood and across the lifespan. 

Keywords: Cognition, Executive Function, Classroom Physical Activity,  
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APPENDIX B: CONSENT FORMS 

 
IRB USE ONLY 
Study Number: 

     

 
Approval Date: 

     

 
Expires: 

     

 
Name of Funding Agency (if applicable): 

     

 
  

 Parental Permission for Children Participation in Research 
 
Title: “Classroom Physical Activity and Executive Function Among Children.” 
 
Introduction 

The purpose of this form is to provide you (as the parent of a prospective research study 
participant) information that may affect your decision as to whether or not to let your child 
participate in this research study.  The person performing the research will describe the study 
to you and answer all your questions.  Read the information below and ask any questions you 
might have before deciding whether or not to give your permission for your child to take 
part. If you decide to let your child be involved in this study, this form will be used to record 
your permission. 

 
Purpose of the Study 

If you agree, your child will be asked to participate in a research study about how physical 
activity breaks in a classroom setting effect daily physical activity, memory acquisition, 
attention, the speed of processing, and readiness to learn (which are considered parts of 
executive function). A secondary purpose is to determine the effects of classroom physical 
activity on self-determination, grit, impulsivity, and class climate. 
 

What is my child going to be asked to do? 
If you allow your child to participate in this study, they will be asked to complete the 
following tasks three times in the school year (i.e., once for practice, once before a physical 
activity break, once after a physical activity break): 

 
• Complete a battery of surveys independently or with the help of a researcher. The self-

determination scale measures motivation for classroom physical activity. The grit scale 
measures sustained effort toward goals relating to classroom physical activity. The 
impulsivity scale measures the degree of impulsivity throughout a school year and the 
class climate scale is a measure of how the student perceives the climate of his/her class. 
We anticipate these surveys will take a total of 20 minutes. 

 
• Addition Math Facts: Measure of working memory on math facts (1 minute). 

 
•  Trail Making Test (TMT): Connecting numbers to numbers and numbers to letters. This 

test allows us to determine how attentive your child is to important information (1 
minute) 
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• Stroop Color-Word Test: Examines Word, Color, and Color-Word conditions. This test 
allows us to determine speed of cognitive processing (1 minute). 

 
• Memory Test: In small groups, your child will utilize iPads with an electronic Simon 

application. This test is a measure of working memory (3 minutes). 
 

What are the risks involved in this study? 
There are no foreseeable risks to participating in this study. 

 
What are the possible benefits of this study? 

Benefits include the child potentially receiving a better understanding of how physical 
activity breaks can help them maintain focus and have more energy for learning. In addition, 
society will potentially benefit from a better understanding of how short bouts of physical 
activity can help children be better prepared to learn. 

 
Does my child have to participate? 

No, your child’s participation in this study is voluntary. Your child may decline to participate 
or to withdraw from participation at any time.  Withdrawal or refusing to participate will not 
affect their relationship with The University of Texas at Austin in anyway. You can agree to 
allow your child to be in the study now and change your mind later without any penalty.   

 
This research study will take place during regular classroom activities. Children who choose 
or are not able to participate will continue doing whatever the teacher would have them 
normally do. We will not collect data for those individuals. 
 

What if my child does not want to participate? 
In addition to your permission, your child must agree to participate in the study.  If you child 
does not want to participate they will not be included in the study and there will be no 
penalty.  If your child initially agrees to be in the study they can change their mind later 
without any penalty.  

 
Will there be any compensation? 

Neither you nor your child will receive any type of payment participating in this study.  
 
How will your child’s privacy and confidentiality be protected if s/he participates in this 
research study? 

Your child’s privacy and the confidentiality of his/her data will be protected by storing 
informed consent and assent documents separately from all participant data in a locked filing 
cabinet. Your child will be assigned a unique code number in lieu of the use of their name 
and all information obtained from each participant will be coded in this manner. 
If it becomes necessary for the Institutional Review Board to review the study records, 
information that can be linked to your child will be protected to the extent permitted by law. 
Your child’s research records will not be released without your consent unless required by 
law or a court order. The data resulting from your child’s participation may be made 
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available to other researchers in the future for research purposes not detailed within this 
consent form. In these cases, the data will contain no identifying information that could 
associate it with your child, or with your child’s participation in any study. 

 
Whom to contact with questions about the study?   
Prior, during or after your participation you can contact the researcher Zack Beddoes at 801-367-
5709 or send an email to zack.beddoes@gmail.com for any questions or if you feel that you have 
been harmed. This study has been reviewed and approved by The University Institutional 
Review Board and the study number is  

 
Whom to contact with questions concerning your rights as a research participant? 
For questions about your rights or any dissatisfaction with any part of this study, you can contact, 
anonymously if you wish, the Institutional Review Board by phone at (512) 471-8871 or email at 
orsc@uts.cc.utexas.edu.  

 
Signature   

You are deciding about allowing your child to participate in this study. Your signature below 
indicates that you have read the information provided above and have decided to allow them to 
participate in the study. If you later decide that you wish to withdraw your permission for your child 
to participate in the study you may discontinue his or her participation at any time.  You will be given 
a copy of this document. 

 
 
 
 
 
 
_________________________________ 
Printed Name of Child 
 
_________________________________                        _________________________________  
                     
Signature of Parent(s) or Legal Guardian     Date                                       
                     
________________________________                          _______________________________  
Signature of Investigator      Date 
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IRB USE ONLY       AISD Student ID# 
Study Number: 

     

 
Approval Date: 

     

 
Expires: 

     

 
Name of Funding Agency (if applicable):  
 
Assent for Participation in Research 
 
Title: “Classroom Physical Activity and Executive Function Among Children.” 
 
Introduction 

You have been asked to be in a research study about exercise breaks in schools. This study 
was explained to your mom or dad and they said that you could be in it if you want to.  We 
are doing this study to see if children learn better after a physical activity break.  

 
What am I going to be asked to do? 

      If you choose to participate in this study, you will be asked to complete the following at 
the beginning and end of the school year. 

  
                Day 1: It will take 20 minutes 

·         Complete several surveys on your own or with the help of an adult.  The 
surveys will ask you to tell us how you feel about Go Noodle and your class.  

                Day 2: It will take 10 minutes 

·         The researcher will familiarize you with a small red box called an 
accelerometer to collect physical activity measurements. You will be asked to wear it 
for a full 5-day school week and then return it to the researcher for analysis. 

     Day 3: It will take 30 minutes 

·         You will be asked to wear a small red box on a belt called an accelerometer 
and complete math and word problems. The problems will test your memory, 
attention, and speed.  
·         You will participate in the Go Noodle activities your teacher chooses  
·         You will complete the tests again 

 
What are the risks involved in this study? 
    Your parents and teachers think this is safe. There is little chance that you will be hurt or 

unhappy doing this study. 
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Do I have to participate? 
No, participation is your choice. You should only be in the study if you want to.  You can 
even decide you want to be in the study now, and change your mind later.  No one will be 
upset. Choosing not to participate will not affect your relationship with the school in any 
way. 
 
If you would like to participate, please return this form to your teacher. You will receive a 
copy of this form so if you want to you can look at it later. 

 
Will I get anything to participate? 
      There will be a drawing for a physical activity device in May, 2016 and you will have  
      a 1 out of 250 chance of winning. Your teacher will let you know if you win. 
        
Who will know about my participation in this research study? 

The records of this study will be kept private.  Your responses may be used for a future study 
by these researchers or other researchers but it will not use your name. 
 
 

Whom to contact with questions about the study?   
     At any time, you can contact the researcher Zack Beddoes at 801-367-5709 or send an email 

to zack.beddoes@gmail.com for any questions or if you feel that you feel unhappy. 
 
Signature 
     Writing your name on this page means that the page was read by or to you and that you agree 

to be in the study.  If you have any questions before, after or during the study, ask the person 
in charge.  If you decide to quit the study, all you have to do is tell the person in charge. 

 
 
 
________________________________   ____________________ 

 
Signature of Participant      Date  
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APPENDIX C: SURVEYS 
 

Climate Scale 
Name:________________     Date:_____________ 
Directions:  Put a check mark next to the degree you believe each statement to be true.  

There are no wrong answers. 
 
 
Read Check how much this is like YOU 
 
Climate 

 
Very  
true 

 
 

 
Somewhat 

true 

 
 

 
Not at all 

true 
1. The students in this class 
enjoy their schoolwork 
 

  
 

   

2. Students in this class are 
always fighting with each 
other 
 

  
 

   

3. Students in this class race 
to see who can finish first 
 

  
 

   

4. All the students in this 
class are friends 
 

  
 

   

5. Some of the students in 
this class are not happy 
 

  
 

   

6. Some of the students in 
this class are mean 
 

  
 

   

7. Most students in this class 
want their work to be better 
than other student’s work 
 

  
 

   

8. Some students in this class 
are not friends 
 

  
 

   

9. Students in this class seem 
to like it 

 
 

 
 
 

 
 

  
 

10. How true is it that many 
students in this class like to 
fight 
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11. Some students in this 
class feel bad when they 
don’t do as well as the other 
students 

  
 

   

Climate Very true  
 

Somewhat 
true 

 Not at all 
true 

12. All students in this class 
are close friends 
 

     

13. How true is it that some 
of the students in this class 
don’t like it 
 

     

14. Certain students in this 
class always want to have 
their own way 
 

  
 
 
 

   

15. Some students in this 
class always try to do their 
work better than the others 
 

     

16. All of the students in this 
class like one another 
 

     

17. How true is it that this 
class is fun 
 
 

     

18. Students in this class 
fight a lot 
 

     

19. A few students in this 
class want to be first all of 
the time 
 

     

20. Students in this class like 
each other as friends 
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Impulsivity Scale 

 
Name:________________     Date:_____________ 
 
Directions:  Put a check mark next to how much this is like YOU.  

There are no wrong answers. Please indicate how often you did the  
Following during the past school year. 

 
Read Check how much this is like YOU 
 
Impulsivity 

 
At least 

once a day 

 
About 
once a 
week 

 
About 2-3 

times a 
month 

 
About 
once a 
month 

 
Almost never 

1. I forgot something I 
needed for class. 
 

  
 

   

2. I interrupted other 
students while they were 
talking 
 

  
 

   

3. I said something rude 
 

  
 

   

4. I couldn’t find something 
because my desk, locker, or 
bedroom was messy 
 

  
 

   

5. I lost my temper at home 
or at school 
 

  
 

   

6. I did not remember what 
my teacher told me to do 
 

  
 

   

7. My mind wandered when 
I should have been listening 
 

  
 

   

8. I talked back to my 
teacher or parent when I was 
upset 
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 Self-Determination Scale 
 

Name:________________     Date:_____________ 
 
Directions:  Put a check mark next to how much this is like YOU.  

There are no wrong answers. 
 
Read Check how much this is like YOU 
 
Interest/Enjoyment 

 
Very  
true 

 
 

 
Somewhat 

true 

 
 

 
Not at all 

true 
1. I enjoyed doing physical 
activity in class very much 
 

  
 

   

2. Physical activity in class 
is fun to do. 
 

  
 

   

3. I think physical activity in 
class is boring. 
 

  
 

   

4. Physical activity in class 
does not hold my attention. 
 

  
 

   

5. Physical activity in class 
is very interesting. 
 

  
 

   

6. Physical activity in class 
is very enjoyable 
 

  
 

   

7. While I was doing this 
activity, I was thinking about 
how much I enjoyed it. 
 

  
 

   

Perceived Competence Very 
true 

 
 

Somewhat 
true 

 
 

Not at all 
true 

8. I think I am pretty good at 
physical activity in class. 
 

  
 

   

9. I think I did pretty well at 
this activity, compared to 
other students. 
 

 
 

 
 
 

 
 

  
 

10. After working at this 
activity for awhile, I felt 
pretty competent. 
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11. I am satisfied with my  
performance at this task. 
 

  
 

   

12. I was pretty skilled at 
this activity. 
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APPENDIX D: INTERVIEW PROTOCOL 

 
The following protocol represents the format and sequence for conducting the semi-structured 
interview to collect information pertaining to pedagogical and managerial strategies employed by 
teachers when integrating physical activity into his/her class instructional time from the teacher 
participants. 
 
Introduction 
Hi _______________, I appreciate you taking the time to speak with me today. I'm, 
____________, and I am collecting information concerning teacher’s usage of physical activity 
breaks in the classroom. I feel the information from this study will help inform teachers on how 
to better prepare students for learning through physical activity.  
I would like to tape record what you have to say so I don't miss any of what is said. . These 
records will more accurately represent what is said and help me to authentically interpret your 
words.  I will also type your responses and return them to you to check for accuracy. 
Before we start I want to assure you that as a participant you have some rights. First, your 
participation in the interview is completely voluntary. You may refuse to answer any question 
that makes you uncomfortable, or you may withdraw from the interview at any time without 
consequence. Based upon your answers this interview will likely take about 30 minutes to 
complete. 
I also want you to know the interview results will be strictly confidential. Excerpts of the 
interview may be published or made public, but your name or any other identifying details will 
not be revealed. The only people who will have access to the complete tape and transcript will be 
the research team. 
 
Do you have any questions right now about what I'm doing, why I'm doing it, or what I will do 
with this information? If you have any as we go along, or after the interview is over, please feel 
free to ask them. Are you ready? 
 

1. Tell me a little bit about yourself, like how long you have been teaching and teaching at 
this school.  

a. How long you have been teaching this grade level?  
b. How long have you been using PA videos? 

 
2. How were you first introduced to the videos? 

a. What were your initial thoughts? 
b. Have your thoughts changed since then? 
c. What trainings and resources did you receive to help you get started? 

 
3. Using teacher speak/jargon, how, when and why do you integrate the PA videos into your 

lessons? 
a. How do you select which activities to use? 
b. What role do students play in the offering of the physical activities? 
c. Can you give me a specific example? 
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4. In your opinion what are some of the student benefits that you have witnessed?  
a. How long into the day do these benefits usually last? 
b. Do you feel the students benefit more from higher or lower physical activity 

breaks? 
 

5. What are the facilitators/inhibitors of having students be physically active in the 
classroom? 

a. Do you feel these facilitators/inhibitors change during the time of day, day of 
week, or time of year? 

b. What advice would you give other teachers trying to incorporate physical activity 
into their classrooms? 

 
6. Is there anything else that we have not talked about that you would like to add? 

 
Interviewer: 
Thank you for taking the time to share your insights with me. I will send you a copy of the 
transcribed interview within the next few days so you can read it over and amend any of your 
responses if you like.  
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