
ABSTRACT 

THOMPSON, LAILA LOROLYN. Take 5: An Analysis of the Effects of Classroom-based 

Physical Activity in Rural Middle Grades Mathematics Classes on Students’ Grades, Test 

Scores, Cognitive Attitudes, and Academic Behaviors. (Under the direction of Dr. Lee V. 

Stiff). 

 

Mind, brain, and education research findings suggest the physiological benefits of 

school- and classroom-based physical activity are essential to learning mathematics in the 

middle grades (e.g., De Smedt & Verschaffel, 2010; McClelland, Pitt, & Stein, 2015; Sibley 

& Etnier, 2003). This study examines the effects of a classroom-based physical activity 

intervention in rural, middle grades mathematics classes on students’ academic performance, 

attitudes about mathematics, and attitudes about physical activity as part of mathematics 

instruction. A quasi-experimental trial and nested, repeated measures analysis of variance 

and covariance were employed to: (a) measure students’ academic performance using 

formative assessments and mathematics course means; (b) identify potential differences in 

performance that may be associated with several covariates to include the following: the 

physical activity intervention, grade level, and teacher; (c) describe students’ self-reported 

measures of academic behaviors, cognitive skills, and cognitive attitudes throughout the 

study; and (d) discuss teachers’ perceptions of the effects of classroom-based physical 

activity on students’  mathematics learning and academic behaviors. Although evidence of 

interaction between grade and school were present, the intervention students outperformed 

their counterparts on measures of academic performance for each grade level. Statistically 

significant differences in intervention students’ post-intervention measures of formative 

assessments and course means were evident for grades 6 or 7, controlling for teacher; null 

findings were present for grade 8 students. In addition, there were significant differences 

among classes per grade level. Similarly, statistically significant differences in students’ self-



reported measures of cognitive skills and academic behaviors were detected among groups. 

Evidence suggested students’ cognitive skills and cognitive attitudes changed throughout the 

trial. There were similarities among intervention and control teachers’ (a) perceptions of the 

effects of classroom-based physical activity on rural mathematics learners’ cognitive 

attitudes and academic behaviors and (b) perceived and experienced barriers to integrating 

classroom-based physical activity into mathematics instruction. Overall findings suggest that 

classroom-based physical activity interventions, such as Take 5, are potential resolutions to 

middle grades’ learners academic performance on formative assessments, their diminished 

opportunities to engage in physical activity (Howie & Pate, 2012),  and the social and 

physiological issues that affect learning in the middle grades (Sibley & Etnier, 2003; Wells, 

2012).  
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CHAPTER 1 

During the 1980s to 2000s, educators were scrutinized because of the failure of the 

American educational system to produce top-ranking scholars in comparison to other 

industrialized nations (Kilpatrick, 1992; Klein, 2003; Reynolds, 2013). This scrutiny 

continues to be a polarizing force in the contemporary state of American education. Research 

from the last decade suggests that American students continue to underperform in the 

disciplines of mathematics, science, and reading, with substantial disparities in mathematics 

literacy (Organization for Economic Cooperation and Development [OECD], 2014). 

Consequently, stakeholders and others with vested interest continue to debate and strategize 

about methods to improve students’ academic performance and global ranking. The results of 

these debates are, in part, modifications to pedagogical practices, curricula, and assessment 

measures (e.g., Kilpatrick, 1992; Klein, 2003; Stanic & Kilpatrick, 1992). Moreover, the era 

of high-stakes testing and accountability is correlated to such rhetoric (Dinkel, Schaffer, 

Snyder, & Lee, 2017).  

To some extent, the climate of high-stakes testing and accountability promotes rote 

learning of the curricula in preparation for assessments and the competition between schools 

based on district and state performance on assessments (Dinkel et al., 2017; Howie & Pate, 

2012; Mura, Rocha, Helmich, Budde, Machado, Wegner, …, & Guicciardi, 2015; Rasberry, 

Lee, Robin, Laris, Russell, Koyle, & Nihiser, 2011). Legislation (e.g., No Child Left Behind, 

Every Student Succeeds Act) increases the pressure placed on educators to actualize high 

student performance on summative, high-stakes assessments and fuels the competitive 

undercurrent in American education (Coe, Pivarnik, Womack, Reeves, & Malina, 2006; 

Dinkel et al., 2017; Erwin, Fedewa, & Ahn, 2012; Ravitch, 2016). Conventional thought 
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suggests that increased time for teaching and learning of the core curricula (i.e., mathematics, 

English and Language Arts, reading, science, social studies) improves student performance 

on local, district, and state assessments (Ravitch, 2016). Implicit in this perspective is that 

increased time in the core curricula warrants decreased time in non-core disciplines; 

therefore, there is a push for core curricula at the expense of other school subjects (Osgood-

Campbell, 2015). The humanities, the arts, and physical education are relegated to the 

background (Maeda & Murata, 2004) and are perceived as lower priorities in many schools 

(Dinkel et al., 2017; Fedewa & Ahn, 2011; Howie & Pate, 2012; Maeda & Murata, 2004; 

Osgood-Campbell, 2015). Yet, school-based physical activity (i.e., physical activity that is 

performed in the school setting) and non-core curricula are, arguably, advantageous to 

students’ overall health and academic performance (Dinkel et al., 2017; Jensen, 2000; Maeda 

& Murata, 2004; Maeda & Randall, 2003; Muse, 2001; Reed, Einstein, Hahn, Hooker, Gross, 

& Kravitz, 2010).  

The health benefits of physical activity are highly documented, consistent, and 

indirectly related to students’ academic progress (Howie & Pate, 2012; Mura et al., 2015). 

Regular physical activity reduces the likelihood of chronic diseases, increases lifespans, 

supports neural connectivity, and benefits physical and mental well-being (CDC, 2015; 

Dinkel et al., 2017; Maeda & Randall, 2003; Reed et al., 2010). While the causes of 

childhood obesity are multifaceted, the epidemic is more correlated with a lack of exercise 

than with food intake (Reed et al., 2010) and is perpetuated by children’s sedentary lifestyles 

(Dinkel et al., 2017; Donnelly & Lambourne, 2011; Jarrett, Maxwell, Dickerson, Hodge, 

Davies, & Yetley, 1998; Reed et al., 2010). More than 33% of children do not engage in 

physical activity on a regular basis (Reed et al., 2010). A few years ago, the Center for 
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Disease Control [CDC] (2015) and Ogden, Carroll, Kit, and Flegal (2014) stated that 

childhood obesity plagued roughly seventeen million (one in every six) children between the 

ages of two and nineteen (CDC, 2015; Ogden et al., 2014). Moreover, from 1980 to 2004, the 

number of overweight children increased by more than 8% in each age group (i.e., two to 

five, six to eleven, twelve to nineteen) (Reed et al., 2010), and in 2016, one in every five 

children were overweight (CDC, 2016). While the number of obese and overweight children 

has increased over years (CDC, 2016), there has not been a similar rise in the global 

academic standing for the same population of students (OECD, 2014). This begs the 

question: Is there a relationship between obesity, physical activity, and academic 

performance in the core curricula? Some research suggests there is, indeed, a positive 

correlation between physical activity in the school setting, rigorous physical activity outside 

of school, and academic performance in the core curricula on standardized assessments (e.g., 

Coe et al., 2006; Donnelly & Lambourne, 2011; Trudeau & Shephard, 2008). Other research 

describes a null effect of school-based physical activity on direct measures of academic 

achievement (Howie & Pate, 2012). It is important to note the following: (1) academic 

achievement and its direct measures are not explicitly defined nor described in a uniform 

manner throughout research literature (e.g., Howie & Pate, 2012; Rasberry et al., 2011), and 

(2) many of the findings of null associations are from more dated studies (i.e., studies pre-

2007) (Howie & Pate, 2012). More current research (2007-2012) indicates “as physical 

activity increases, cognitive function and academic achievement generally increase” (Howie 

& Pate, 2012, p. 165). 

Although research does not portray a consensual perspective on the effects of school-

based physical activity on students’ learning in the core curricula, literature does identify 



4  

 

several significant benefits of increased school-based physical activity to students (e.g., 

Dinkel et al., 2017; Jensen, 2000; Maeda & Murata, 2004; Maeda & Randall, 2003; Ogden et 

al., 2014; Rasberry et al., 2011; Reed et al., 2010; Wells, 2012). Increased school-based 

physical activity is associated with improved mental health (Maeda & Randall, 2003; Reed et 

al., 2010), more frequent time-on-task behaviors (Grieco, Jowers, & Bartholomew, 2009; 

Maeda & Murata, 2004), and improved moods because of the release of hormones (Jensen, 

2000; Reed et al., 2010). Furthermore, increased school-based physical activity heightens 

cognitive function (Maeda & Randall, 2003; Mahar, Murphy, Rowe, Golden, Shields, & 

Raedeke, 2006; McClelland et al., 2015; Reed et al., 2010) and is associated with improved 

mathematics and reading performance (e.g., Hollar, Messiah, Lopez-Mitnik, Hollar, Almon, 

& Agatston, 2010; Reed et al., 2010). Increased school- and classroom-based physical 

activity has the potential to improve students’ academic performance in the core curricula 

because the effects of improved neural connectivity are integral to learning (Fedewa & Ahn, 

2011; Mura et al., 2015; Reed et al., 2006; Shepard, 1996; Taras 2005). Some researchers 

argue that (a) physically active students perform better in core academia than their less 

physically active counterparts (Ahamed, Macdonald, Reed, Naylor, Liu-Ambrose, & Mckay, 

2007; Dinkel, Schaffer, Snyder, & Lee, 2017; Trudeau & Shephard, 2008), and (b) there is a 

positive association between physical fitness and working memory (Howie & Pate, 2017). 

More compellingly, physical activity performed in the classroom may have a greater 

effect on both academic performance and behaviors than traditional exercise done outside of 

the classroom (e.g., Dinkel et al., 2017; Donnelly & Lambourne, 2011; McClelland et al., 

2015; Rasberry et al., 2011). Classroom-based physical activity interventions are becoming 

more widespread because of their potential to support learning of the core curricula and to 
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assist struggling learners (Dinkel et al., 2017; McClelland et al., 2015). The academic and 

cognitive benefits of students’ physical activity in the school setting are underscored by the 

benefits of such activity to children’s overall health and well-being (Dinkel et al., 2017) and 

the potential-laden effects of schools on children (Maeda & Murata, 2004).  

Rationale of the Study 

Because K-12 education is compulsory in the United States and serves nearly 56 

million students daily, schools are positioned to be one of the most influential forces on 

students’ levels of physical activity (Dinkel et al., 2017; Maeda & Murata, 2004; Rasberry et 

al., 2011). Maeda and Murata (2004) suggest the school is the most likely place to promote 

changes in levels of students’ physical activity. Moreover, other researchers describe the 

elementary school setting as an ideal place for students to increase levels of physical activity 

through recess and other forms of school-based physical activity (Kibbe, Hackett, Hurley, 

McFarland, Schubert, … , & Harris, 2011). Public health agencies suggest new models of 

curricula design that encourage classroom teachers, not just physical education teachers, to 

integrate various forms of physical activity throughout the school day. These “comprehensive 

or whole-of-school approaches” promote the use of physical activity during (a) recess, (b) 

transition between classes, and (c) classroom instruction, to include transition between 

subjects taught by the same classroom teacher (Dinkel et al., 2017, p. 187). The CDC and 

Society of Health and Physical Educators developed a framework for the whole-of-school 

integration of physical activity. The framework, Comprehensive School Physical Activity 

Program, aims to integrate 60 minutes of daily physical activity into the school day to meet 

the CDC’s recommended guidelines for children’s physical activity levels. Furthermore, this 
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framework asserts that the use of classroom-based physical activity is a noteworthy method 

of incorporating more physical activity into existing curricula (Dinkel et al., 2017).  

Despite evidence that suggests physically active students perform better in academia 

than their less physically active counterparts (e.g., Ahamed et al., 2007; Dinkel et al., 2017; 

Trudeau & Shephard, 2008), many schools decrease the time allocated to physical activity. 

Fedewa and Ahn (2011) explain, “Less than 5% of American schools provide children with a 

daily physical education class” (p. 521). Contrary to conventional thought, both elementary 

and middle grades students experience diminished opportunities to engage in regular, school-

based physical activity (Fedewa & Ahn, 2011; Maeda & Murata, 2004). Only half of the 

elementary schools and a quarter of the middle schools in the nation require physical 

education (Fedewa & Ahn, 2011).  

Is it possible that students’ underperformance in the core curricula is related to 

students’ diminished opportunities to engage in physical activity in the school setting? It 

appears that the traditional school setting in which students have a substantial amount of seat 

time and diminished opportunities to engage in physical activity or physical education is 

problematic and counterproductive in combatting students’ underperformance in academics. 

Howie and Pate (2012) emphasize the responsibility of future research to forge a path toward 

change: “Because the primary goal of schools is student academic achievement, the key to 

increasing physical activity in schools would be to show that physical activity improves 

academics” (p. 160). The purpose of this study is to implement a quasi-experimental trial of 

the effects of increased classroom-based physical activity on rural middle grades 

mathematics learners’ grades, test scores, and dispositions toward mathematics.  
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Defining Physical Activity and Key Terms 

In this paper, physical activity is used interchangeably with movement and is defined 

as bodily movement that is “produced by contraction of skeletal muscle that increases energy 

expenditure above a resting level” (Rasberry et al., 2011, p. S13). Public health researchers 

classify physical activity based on the following factors: type (e.g., acute, chronic), intensity 

and duration (e.g., vigorous, moderate), purpose (e.g., activity break, transition between class 

subjects), and location (e.g., school, community) (Beaudoin & Johnston, 2011; Dinkel et al., 

2017; Fedewa & Ahn, 2011; Rasberry et al., 2011; Taras, 2005). Many of the classifications 

are further refined to include subcategories. For example, school-based physical activity is 

described as either recess, classroom-based, or part of a physical education program. Recess 

is defined as a form of unstructured, school-based activity that provides students with an 

opportunity to socialize or play (Jarrett et al., 1998).  

It is important to note that Beaudoin and Johnston (2011) and Taras (2005) define 

classroom-based physical activity as a type of school-based physical activity that is enacted 

in the classroom setting during the instructional sequence, as opposed to other times (e.g., 

designated physical education coursework, team sports) and other school locations (e.g., 

gymnasium, outdoors). Thus, the empirical supports discussed in Chapters 1 and 2 are 

couched in the aforementioned researchers’ description of classroom-based physical activity. 

Although the literature restricts classroom-based physical activity to the confines of 

the traditional classroom, housed within four walls, the conceptual framework and 

methodology of this paper suggest a different conception of the classroom. The Take 5 study 

defines the classroom as the social setting in which the activities of learning occur. This 

setting is comprised, in part, of the teacher and students of roster. Therein, Take 5 suggests 
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the classroom is not a physical construct, but rather a sociocultural system. Chapters 4 and 5 

are couched in the description of the classroom as a sociocultural construct rather than a 

physical location. In addition, the literature describes two types of classroom-based physical 

activity: unrelated and purposeful (Beaudoin & Johnston, 2011). Unrelated movement is 

classroom-based physical activity that is not related to curricular content (Beaudoin & 

Johnston, 2011). Conversely, purposeful movement is classroom-based physical activity that 

embodies, underscores, or relates to instructional content (Beaudoin & Johnston, 2011; 

Taras, 2005). Therefore, purposeful movement in the Take 5 study is movement that is 

explicitly related to mathematics content and learning in the middle grades.  

Cognitive function is a multifaceted, “intellectual process” involving attention, 

concentration, and memory “by which one becomes aware of, perceives, or comprehends 

ideas” (Mosby’s Medical Dictionary, 2009). McClelland, Pitt, and Stein (2015) as well as 

Vazou and Smiley-Oyen (2014) describe cognitive and executive function (i.e., one’s ability 

to predict, plan, and act) and their integral relationship to learning. The researchers elucidate 

the wide array of processes involved in the interpretation, storage, retrieval, and usage of 

information. The culmination of these processes, per the researchers, shape one’s ability to 

reason, form verbal and nonverbal responses, and to make behavioral decisions (McClelland 

et al., 2015; Vazou & Smiley-Oyen, 2014). The terms cognitive function and cognition are 

used interchangeably in this paper. 

The following paragraphs provide an overview of the need and rationale for the 

examination of school-based physical activity in American schools, with an emphasis on 

classroom-based physical activity.  
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Purpose of the Study and Research Questions 

Misconceptions about the importance of school- and classroom-based physical 

activity on students’ learning in the core curricula are persistent and influential on school 

policy. For example, the idea that school-based physical activity, such as recess, promotes 

undesired student behaviors (e.g., aggression, lack of focus at the commencement of recess) 

(Jarrett, Maxwell, Dickerson, Hodge, Davies, & Yetley, 1998; Pellegrini, Huberty, & Jones, 

1995) and the preclusion of the need for said activity by standardized testing influence school 

policy and students’ opportunities to engage in school- and classroom-based physical 

activity. These misconceptions about physical activity and the core curricula are more 

pervasive than the effects of research findings on school policy that decry the benefits of 

physical activity throughout the grade levels. As such, physical activity is often minimized in 

schools despite evidence of its benefit to the social, mental, and physical well-being of 

children (Dinkel et al., 2017; Howie & Pate, 2012; Jarrett et al., 1999; Jensen, 2000; Maeda 

& Murata, 2004; Reed et al., 2010). Empirical data suggests that increased movement in the 

classroom is advantageous to students’ attitudes, dispositions, and time-on-task behavior 

(Maeda & Randall, 2003; Sibley & Etnier, 2003; Wells, 2012). Moreover, classroom-based 

physical activity positively affects students’ performance in reading, mathematics, and social 

studies (e.g., Ahamed et al., 2007; Dinkel et al., 2017; Kibbe et al., 2011; McClelland et al., 

2015; Reed et al., 2010).  

The purpose of this study is to examine the intersection of rural middle grades 

mathematics students’ academic achievement, academic behaviors, cognitive attitudes, and 

engagement in physical activity that has not been fully addressed by existing research. 

Cognitive attitudes are perceptions that influence academic performance such as students’ 
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motivation or self-awareness (Dinkel et al., 2017; Rasberry et al., 2011; Sibley & Etnier, 

2003). Academic behaviors are behaviors that directly and indirectly affect the academic 

performance of students (e.g., time-on-task behavior, attendance, self-control, motivation) 

(Erwin et al., 2012; Rasberry et al., 2011; Reed et al., 2010). Academic achievement is 

described as academic performance that is measured by students’ grade-point-averages and 

scores on standardized, formal, and classroom assessments in the core curricula (Dinkel et 

al., 2017; Rasberry et al., 2011; Taras, 2005).  

A quasi-experimental intervention trial was used to (a) describe the effects of Take 5, 

a three-week intervention consisting of two- to five-minute intervals of classroom-based 

physical activity, on rural middle grades mathematics students’ academic performance using 

multiple measures; (b) understand how the intervention impacted students’ and teachers’ 

attitudes pursuant to classroom content and engagement; and (c) employ general qualitative 

comparisons to describe students’ mathematics achievement and students’ and teachers’ 

attitudes toward mathematics learning and teaching relative to the intervention trial.  

Quantitative data was collected during multiple phases of the study. This data was used to 

test the theory that classroom-based physical activity has a statistically significant impact on 

students’ academic performance and content-related attitudes in the rural middle school 

mathematics classroom.  

To this end, the study addressed the following research questions:  

1. How does Take 5 (i.e., two- to five-minute intervals of classroom-based physical 

activity) affect rural middle grades mathematics students’ academic performance (i.e., 

qualified by the following questions)? 
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a. Is there a statistically significant difference in students’ academic performance 

on formative assessments (i.e., district common assessments) between 

students who participate in Take 5 and those who do not?  

b. Is there a statistically significant difference in students’ classroom 

performance (i.e., grades) between students who participate in Take 5 and 

those who do not? 

2. Is there a statistically significant difference in students’ cognitive attitudes and 

academic behaviors between students who participate in Take 5 and those who do 

not? How do students’ cognitive attitudes and academic behaviors compare or 

contrast between students who participate in Take 5 and those who do not? 

3. How do teachers’ perceptions of the effects of movement in the mathematics 

classroom on students’ cognitive attitudes and academic behaviors compare or 

contrast between teachers who implement Take 5 and those who do not? 

Significance of the Study 

This study is significant because it seeks to examine the effects of classroom-based 

physical activity on middle grades learners. Research that addresses the effects of purposeful 

or unrelated classroom-based physical activity on middle grades students’ academic 

performance and behaviors is limited despite evidence of statistically significant associations 

between students’ ages and the effects of school-based physical activity on academic 

measures (e.g., Dinkel et al., 2017; Fedewa & Ahn, 2011; Howie & Pate, 2012; Less & 

Hopkins, 2013; Mura et al., 2015; Rasberry et al., 2011; Sibley & Etnier, 2003). Although 

grade level (age) is statistically significant in moderating the effects of school-based physical 

activity on academic performance and cognition, most research in the field was conducted at 
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the elementary level (Fedewa & Ahn, 2011; Have, Nielsen, Gejl, Ernst, Fredens, Stockel,..., 

& Kristensen, 2016; Howie & Pate, 2012; Rasberry et al., 2011). Meta-analyses note the 

statistical significance and medium effect size (ES = .48) of physical activity on academic 

performance at the middle grades level compared to other grade levels (Sibley & Etnier, 

2003). More narrowly, classroom-based physical activity interventions are significant to 

learning in the middle grades because of the physiological supports that increased physical 

activity provides to learners in this age group (Sibley & Etnier, 2003; Wells, 2012). Sibley 

and Etnier (2003) along with Wells (2012) suggest that classroom-based physical activity is 

truly beneficial to middle grades learners because middle school students are dealing with a 

plethora of social issues (e.g., puberty and hormonal imbalances, perception of peers, social 

anxiety) that have an indirect impact on learning. Physical activity, in part, decreases anxiety, 

reduces stress, and increases self-esteem (Sibley & Etnier, 2003) due to physiological 

changes in brain supported by increased blood flow and the release of chemicals (e.g., 

serotonin, brain-derived neurotrophic factor) (Jensen, 2000; Reed et al., 2010; Sibley & 

Etnier, 2003). Consequentially, the release of hormones improves moods and reduces stress 

in adolescents making the transfer of information and learning more sustainable (Jensen, 

2000). This is particularly beneficial to the learning process for middle grades learners 

because adolescents’ bodies are predisposed to states of stress that impede learning.  

In addition to the meeting the need for studies that examine the benefits of increased 

classroom-based physical activity at the middle grades, this study is significant because of its 

potential to provide generalizable evidence of an association between increased classroom-

based physical activity and improved academic and cognitive outcomes for middle grades 

mathematics learners. Few quasi-experimental studies have attended to the effects, if any, of 
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intervals of classroom-based physical activity in the mathematics classroom, on students’ 

academic performance (e.g., grades, summative and formative assessments, standardized 

assessment) and attitudes toward mathematics at the middle grades level (Taras, 2005). Taras 

(2005) critically analyzes extant literature, post-1985, on the association between physical 

activity and academic performance and outcomes of children aged five to eighteen. He 

suggests that only fourteen studies addressed the following associations: “school attendance, 

academic achievement, cognitive ability. . . , and attention (Taras, 2005, p. 214), and only 

five of these fourteen articles were experimental or quasi-experimental studies.  

Because the school is the most likely place to promote changes in students’ physical 

activity levels (Maeda & Murata, 2004), and the benefits of physical activity (e.g., improved 

memory and concentration, time-on-task) are integral to learning (Jensen, 2000; Reed et al., 

2010; Taras, 2005), this study seeks to fill a gap in the body of research by examining the 

relationship between mathematics performance and classroom-based physical activity in 

middle grades classrooms. The following sections of the paper describe the origins, the 

theoretical underpinnings, and the conceptual framework that motivated the study.  

Impetus for the Study 

My interests in the relationships, if any, among physical activity, cognition, and 

academic performance in mathematics were piqued by my study at the University of 

Jyvaskyla in Jyvaskyla, Finland during the summer of 2016. Faculty, graduate students, and I 

traveled to the city to establish research collaboratives with the faculty at the university and 

to visit local area schools. During our visit to a school in Jyvaskyla, I observed that 

mathematics instruction was very similar to the American model of education. I noticed that 

the Finnish teachers used very didactic and direct instructional methods for mathematics 
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teaching. Although the students were given opportunities to collaborate and to engage with 

technology tools, the teaching practices were very teacher-centered. While I would not 

describe the instructional practices as noteworthy, I observed several structural elements that 

seemed to contribute to the success of the Finnish students. In particular, students were 

encouraged to engage in play and physical activity throughout the school day. I began to 

contemplate the effects of physical activity, in the school setting, on students’ academic 

performance in mathematics. Moreover, the summer of 2016 marked a milestone in the Let’s 

Move Initiative under the auspices of First Lady Obama. This initiative encouraged American 

citizens and youth, in particular, to adopt healthier lifestyles and to increase levels of physical 

activity. First Lady Obama and Beyoncé marked the anniversary of the campaign by 

proclaiming the #gimme 5 challenge. Thus, Take 5 was born as an ode to my studies in 

Finland and as homage to the remarkable initiative from First Lady Obama.   

Theoretical Framework 

While some in the field of education, historically, suggest that learning is a purely 

mental activity, the emerging field of mind, brain, and education research [MBE] presents a 

counter-perspective (McClelland et al., 2015; Osgood-Campbell, 2015). This counter-

perspective identifies the connection between the mind and body and describes learning as a 

product of the symbiotic relationship between the mind, body, and the learners’ physical and 

mental actions. Therein, learning is, in part, dependent on the physiological structure of the 

brain. The following paragraphs bridge neurocognitive theory, embodiment, and 

constructivism. The intersection of these theories serves as lens through which the effects of 

school-based physical activity on children’s cognition and academic achievement in 

mathematics are viewed.  
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Neuroscience conveys that learning is affected by how the brain is structured (Jensen, 

2000; Reed et al., 2006). Generalizations can be made about the nature of human 

development, learning, and thinking by examining the connection between mind and the 

structure and function of the brain. The brain is structured such that increased physical 

activity improves its function (e.g., neural connectivity). In turn, increased neural 

connectivity heightens cognitive function and improves learning opportunities (Jensen, 2000; 

McClelland, et al., 2015; Osgood-Campbell, 2015; Reed et al., 2006). Physical activity has 

direct and indirect effects on the brain and mind. The role that learners’ actions play in the 

processing of information, the development of conceptual systems, and the inner workings of 

the mind cannot be trivialized nor separated from discussions about cognition and learning in 

the sociocultural setting. MBE suggests that perception and bodily movement, such as 

classroom-based physical activity, play integral roles in students’ cognitive development 

(McClelland et al., 2015; Osgood-Campbell, 2015; Ruiter, Loyens, & Paas, 2015). The same 

cognitive mechanisms that support physical movement also facilitate students’ creation of 

conceptual systems and their ability to reason (Osgood-Campbell, 2015). Therefore, 

cognitive function, physiological mechanisms, and learning are enhanced by physical 

activity. Because learning in the school setting does not occur in isolation, the working of the 

human brain, the movement of the physical body, and the effects of the mind-body system on 

learning are intertwined with the social and cultural interactions in the learning environment. 

Therefore, it is important to discuss the theoretical underpinnings of constructivism and their 

implications for embodiment.  

Literature situates the effects of movement on academic performance within the 

broad spectrum of constructivist theories (e.g., De Smedt & Verschaffel, 2010; Osgood-
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Campbell, 2015). Research on mathematics learning adheres to a cognitive/rationalist view 

that is an apparent predecessor to constructivism (De Smedt & Verschaffel, 2010; Greeno, 

Collins, & Resnick, 1996). Broadly, constructivism holds that learners construct knowledge 

and understanding through experiences and actions. While there are different perspectives 

within the continuum of constructivist theory, generally, constructivism suggests the 

following: (a) knowledge is created by the learner as he/she actively engages with another 

(e.g., person, tool, task, activity); (b) new mathematical knowledge is created when learners 

reflect on their physical and mental actions and seek to connect new ideas to existing ideas; 

and (c) reality is constructed by the individual as a consequence of experiences with another 

(Clements & Battista, 1990). More narrowly, the neurocognitive benefits (e.g., increased 

blood flow to the body, brain plasticity) and subsequent improvements to academic behaviors 

(e.g., moods, attention, memory) of school-based physical activity are rooted in social 

constructivism. Learning, from the social constructivist perspective, occurs as students 

engage with other tools, tasks, and people. Learning is dependent on the sophistication and 

types of the activities within the social setting (Cole, 1985). To wit, pedagogy and activities 

in the social setting are intertwined. Therefore, because classroom-based physical activity is a 

pedagogical decision (Simon, 1995) and is enacted in the social setting, its effects on 

individual and collective cognition cannot be marginalized. Social constructivism suggests 

that individual realities are constructed as participants interact with society, others, and the 

environment (Clements & Battista, 1990; Simon, 1995) and is therefore comparable to 

embodied cognitive theory (McClelland et al., 2015; Osgood-Campbell, 2015).  

The broad definition of constructivism and the social constructivist perspective allows 

for the investigation and discussion of the influences of students’ personal experiences and 
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classroom experiences on students’ realities, individual construction of knowledge, and the 

development of mathematical understandings. Moreover, the constructivist lens permits a 

discussion of the impact of school- and classroom-based physical activity on an individual’s 

cognition in the core curricula with an emphasis on mathematics learning by the examination 

of active embodiment. It is useful to consider how classroom-based physical activity affects 

the mathematics classroom culture through an examination of its effects on academic 

behaviors and the relationship of said behaviors to students’ interactions. The social 

constructivist perspective, per Simon’s (1995) work, provides a theoretical anchor for an 

examination of this nature.  

While research does not explicitly relate physical activity, mathematics achievement, 

and social constructivism, there are several theories within the continuum of constructivism 

that are applicable. Social and cultural (i.e., sociocultural) constructivism were implied by 

Simon’s (1995) framing of pedagogy and are relevant to the effects of purposeful classroom-

based physical activity (e.g., gesture) on students’ mathematics performance. This 

perspective allows for the consideration of how culture shapes students’ mathematical 

understandings and how students interpret mathematics (e.g., Cole, 1985; De Smedt & 

Verschaffel, 2010). Purposeful classroom-based physical activity is a form of embodiment. 

While the discussion of embodied cognitive theory (embodiment) becomes increasingly 

nuanced depending on the context (e.g., Reys, 1972; Tall, 2012), its specific relevance to 

MBE is the crux of the present study. Embodied cognition theories (e.g., MBE) promote the 

idea of the mind as a network in constant flux with the external environment. Moreover, 

humans understand the world through bodily interactions with the environment (McClelland 

et al., 2015; Osgood-Campbell, 2015; Ruiter et al., 2015). Naturally, school-based physical 
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activity is situated within neurocognitive and embodiment theories because it serves as a 

medium through which learners employ bodily movement to (a) develop conceptual 

understandings of specific content and (b) interact with the school environment, curricular 

content, and others in the classroom community. Purposeful classroom-based physical 

activity attends to the mind-body connection wherein the cognitive process of developing 

symbolic reasoning is closely associated with bodily perceptions (Osgood-Campbell, 2015; 

Ruiter, Loyens, & Paas, 2015). Thus, purposeful classroom-based physical activities such as 

making gestures in mathematics learning and observing the gestures of others in the learning 

community embody, influence, and mediate students’ construction of mathematical ideas 

(Ruiter et al., 2015). The constructions are established and reinforced by students’ physical 

movement and participation in the sociocultural group. Therefore, the underpinnings and 

implications of Simon’s (1995) theoretical framework are pertinent to purposeful classroom-

based physical activity in mathematics teaching.  

Discussions of the effects of unrelated movement on cognitive skills and mathematics 

academic performance are more muddled. In some aspects, the effects of these types of 

activities are related to social and cultural constructivism, and in other areas, there exists a 

relationship to radical constructivism. Radical constructivism holds that individual reality 

emerges from an individual’s experiences of a subjective reality. Reality is a viable model 

“created within an individual, influenced by the context within which an activity was 

experienced, and relative to the accomplishment of a particular goal” (Doolittle, 2017; von 

Glasersfeld, 1995). School- and classroom-based physical activities are enacted by an 

individual. As such, the physiological mechanisms (e.g., executive function, concentration, 

memory) support learning on an individual basis (Lambourne, Hansen, Szabo, Lee, 
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Hermann, & Donnelly, 2013). Because the physiological and cognitive benefits of said 

activities are germane to the individual student, radical constructivism provides a more 

appropriate lens through which the effects on mathematics performance are considered. 

Ultimately, the nuances of constructivism (e.g., De Smedt & Verschaffel, 2010; Doolittle, 

2017; Simon, 1995) and the complexities of the associations between school- and classroom-

based physical activity and students’ cognitive skills and attitudes, academic behaviors, and 

academic performance (e.g., Lambourne et al., 2013; Rasberry, Lee, Robin, Laris, Russell, 

Koyle, & Nihiser, 2011) make it difficult to distinguish the more appropriate constructivist 

lens. Nevertheless, it is evident that classroom-based physical activity and mathematics 

performance are supported by a constructivist framework. 

Indeed, the mind-body system, environment, and social interactions have fundamental 

roles in cognitive and academic outcomes. The increased blood flow to the brain that results 

from physical activity supports cognitive function and is of indirect benefit to learning and 

cognition. In fact, key regions of the brain that support reasoning and critical thinking skills 

integral to mathematics are activated by physical activity. The learning process or forming of 

cognitive ideas cannot be separated from the mental and social actions one employs when 

receiving, processing, justifying, and reifying ideas (Osgood-Campbell, 2015; Ruiter et al., 

2015). Considerations of the effects of school- and classroom-based physical activity on 

mathematics learners are rooted in neurocognitive theory, MBE, and constructivism.  

Conceptual Framework 

The relationship between school-based (including classroom-based) physical activity 

and cognition are discussed in terms of two broad categories: physiological mechanisms and 

learning [developmental] mechanisms (Sibley & Etnier, 2003). The physiological 
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mechanisms are characterized as “physical changes in the body” that occur because of 

physical activity. Increased blood flow to the brain is a key physiological effect of physical 

activity. This effect increases neural connectivity, the ability of the brain to transmit and 

process information, and serves as an empirical anchor for the positive associations between 

school- and classroom-based physical activity and cognition (Dinkel et al., 2017; Howie & 

Pate, 2012; Mahar et al., 2006; McClelland et al., 2015; Reed et al., 2010; Sibley & Etnier, 

2003; Taras, 2005).  

The physiological and learning mechanisms of the brain and their affective nature on 

learning are essential to the conceptual framework of the study. Human brains are designed 

to work with short intervals of information and need time to (a) process new information, (b) 

connect it to existing structures, and (c) form memory and new structures (Jensen, 2000). 

Therefore, time spent “not learning” is vital to one’s ability to remember information. 

Because brain breaks give the hippocampus (i.e., the region of the brain responsible for 

organizing and storing new information before moving it to the cortex for long-term 

memory) time to “sort and organize” data before storing in long-term memory, brain breaks 

are effective learning mechanisms (Jensen, 2000). Brain breaks are periods of time in which 

learners do not receive content-related instruction about new information or engage in the 

learning of new materials. The literature explains that brain breaks ranging from 2 to 45 

minutes in duration that are given after approximately twenty minutes of sedentary 

instruction are beneficial to learners. This study suggests the use of classroom-based physical 

activity as a brain break. Classroom-based physical activity, as a brain break, amplifies the 

function of the human brain by providing time for the brain to sort and store information 
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while simultaneously engaging the learner in activity that promotes cognitive function, 

physical well-being, and mental health.  

Furthermore, to illustrate the connection between the physiological and learning 

mechanisms of brain breaks, consider Reed’s et al. (2010) description of the stimulus-

response cycle of brain plasticity: Brain plasticity (i.e., the ability of the brain to change 

because of an experience) is affected by the release of chemicals and hormones (e.g., brain-

derived neurotrophic factor); physical activity regulates the release of the brain-derived 

neurotrophic factor. In turn, brain-derived neurotrophic factor enhances learning and 

cognition by promoting changes to the regions of the brain responsible for short-term 

memory (i.e., hippocampus) and attention/concentration (i.e., cerebellum) (Reed et al., 2010). 

These physiological mechanisms, affected by classroom-based physical activity as a brain 

break, support learning mechanisms by providing “learning experiences that aid, and may 

even be necessary for, proper cognitive development” (Sibley & Etnier, 2003, p. 244) 

Overview of Methodological Approach 

This study reports a multiphase, quasi-experimental trial during which quantitative 

data was collected pre-, during, and post-intervention. The intervention phase spanned three 

weeks. Multiple forms of quantitative data, such as assessment scores, course means, and 

Likert-scale survey data, were collected, concurrently, during the first and third phases of the 

study. Descriptive statistics, repeated measures analysis of covariance, and multivariate 

analysis of variance were used to analyze data in the study. At the conclusion of the 

intervention trial, an electronic survey comprised of both semi-structured, multiple choice, 

and Likert-type items was administered to the teachers who participated in the study to 

portray a more in-depth depiction of the effects of the intervention on participants. A brief 



22  

 

interview was given to one intervention teacher based on the teacher’s responses to the 

survey protocol.  

Outline of Dissertation 

This dissertation consists of five chapters. In Chapter 1, I described the need for and 

significance of the study, the theoretical and conceptual frameworks, and an overview the 

study design. Chapter 2 continues with a review of the literature. The literature from 

mathematics and physical education research is coupled with the literature from the health 

sciences to describe the potential benefits and empirical findings of increased classroom-

based physical activity. Chapter 3 details the methodology for and impact of the study. 

Chapter 4 presents the findings and results of the Take 5 Intervention, and Chapter 5 

concludes with a discussion of the implications for future research, limitations, and 

concluding thoughts pursuant to the study.   
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CHAPTER 2 

Chapter 2 provides a synopsis of relevant literature, with a scope and focus on the 

intersection of physical education, mathematics education, and neurocognitive research. The 

chapter begins with a discussion of how the effects of school-based physical activity are 

measured in the literature. This discussion is followed by an examination of historical and 

contemporary literature about the effects of school-based physical activity on elementary and 

middle grades students’ cognitive function and academic performance in the core curricula 

and a discussion of key methodologies in extant literature. Finally, the chapter concludes 

with empirical evidence from key studies, suggesting an association between movement and 

improved academic performance in the core curricula, with an emphasis on academic 

performance in mathematics. 

Literature Review  

Because classroom-based physical activity is facilitated by the classroom teacher and 

not additional physical education personnel, it is a cost-effective approach to increasing 

students’ physical activity (Dinkel et al., 2017). This cost-effective approach also supports 

learning of the core curricula and assists struggling learners (Dinkel et al., 2017; Donnelly & 

Lambourne 2011; Lambourne, Hansen, Szabo, Lee, Hermann, & Donnelly, 2013; 

McClelland, Pitt, & Stein, 2015). Compellingly, classroom-based physical activity, as 

opposed to physical activity performed outside of the classroom, is less arduous to implement 

and more effective on learning (Dinkel et al., 2017). Varied classroom-based physical 

activities, ranging from the use of stability balls to stretching, are easily integrated into 

existing instructional sequences (Dinkel et al., 2017; McClelland et al., 2015, Mead et al., 

2016). The advantages of classroom-based physical activity are integral to learning in the 
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core curricula (Fedewa & Ahn, 2011; Mura, et al., 2015; Reed et al., 2010; Shepard, 1996; 

Taras 2005). The following sections of this chapter discuss these benefits. The discussion 

begins with an examination of how the noted benefits are measured and follows with a 

discussion of the corresponding implications to the field of education. 

Measuring the Effects of School-based Physical Activity 

Rasberry et al. (2011) examined the association between school-based physical 

activity and academic performance for students ages five to eighteen. The researchers 

exhausted the literature, 1985 to 2008, and included explicit measures of academic 

performance and one or more educational or behavioral outcomes. From forty-three 

empirical studies, the researchers identified three indicators by which the effects of physical 

activity on academic performance in the core curricula are measured: (1) cognitive skills and 

attitudes, (2) academic behaviors, and (3) academic achievement.  

Cognitive skills include cognitive abilities (e.g., cognitive functioning, attention, 

memory, comprehension, and processing), and cognitive attitudes are perceptions that 

influence academic performance such as students’ motivation or self-awareness (Dinkel et 

al., 2017; Rasberry et al., 2011; Sibley & Etnier, 2003). Academic behaviors are behaviors 

that directly and indirectly affect the academic performance of students (e.g., time-on-task 

behavior, attendance, self-control, motivation) (Erwin et al., 2012; Rasberry et al., 2011; 

Reed et al., 2010). Finally, academic achievement is measured by statistical analysis of 

students’ grade-point-averages and scores on standardized, formal, and classroom 

assessments of the core curricula (Dinkel et al., 2017; Rasberry et al., 2011; Taras, 2005).  
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These constructs (i.e., cognitive skills and attitudes, academic behaviors, and academic 

performance) serve as the framework for measuring the effects of school-based physical 

activity on elementary and middle grades students’ academic performance.  

Moreover, meta-analyses (e.g., Fedewa & Ahn, 2011; Sibley & Etnier, 2003) 

addressed the moderating and mediating effects pursuant to these constructs. Although 

moderator and mediator variables are used interchangeably in social and psychological 

research, the literature pursuant to Mind, Brain, and Education Research (MBE) and school 

based physical activity distinguishes between the terms: “In general terms, a moderator is a 

qualitative (e.g., sex, race, class) or quantitative (e.g., level of reward) variable that affects 

the direction and/or strength of the relation between an independent or predictor variable and 

a dependent or criterion variable” (Baron & Kenny, 1986, p. 1174). A mediator variable 

explains the relationship between independent and dependent variables. In context, the 

literature suggests that interactions exist between school-based physical activity and students’ 

cognitive skills and function, academic behaviors, and academic performance. For example, 

body mass index (BMI) has a moderating effect or strengthens the relationship between 

school-based physical activity and students’ time-on-task (Grieco et al., 2009; Macnamara, 

Hambrick, & Oswald, 2014). Body mass index is determined by a person’s body weight, in 

kilograms, per height squared, in meters (CDC, 2015). A child is deemed overweight if his or 

her BMI is between the 85th and 95th percentiles compared to others in his age/sex category. 

Similarly, a child is deemed obese if his or her BMI is greater or equal to the 95th percentile 

(CDC, 2015). Likewise, duration and type of school-based physical activity are mediators 

because they explain associations between physical activity and academic achievement 

(Dinkel et al., 2017; Taras, 2005). Intervals of classroom-based physical activity breaks 
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promote the frequency of observed time-on-task behaviors and improve cognitive function 

(Dinkel et al., 2017; Jensen, 2000; Taras, 2005).  

Inasmuch as each of the indicators identified by Rasberry et al. (2011) are common 

themes from the literature post-1980 to present (Dinkel et al. 2017; Jarrett et al., 1998; 

Lambourne et al., 2013; Reed et al., 2010; Taras, 2005), the following paragraphs present 

empirical findings on the effects of classroom-based physical activity on students’ cognitive 

skills and attitudes, academic behaviors, and academic achievement. 

Classroom-based Physical Activity on Cognitive Skills and Attitudes 

Children who are physically fit “perform better on attentional tasks that require 

greater amounts of cognitive control” (Donnelly & Lambourne, 2011, p. 537); such tasks are 

supported by executive function and prevalent in the core curricula. These types of tasks 

include, but are not limited to, abstract problem solving and the use of working memory. 

Movement and classroom-based physical activity improve executive function and provide 

learning experiences that are essential to students’ understanding of the core curricula 

(Lambourne et al., 2013; McClelland et al., 2015). The regions of the brain that are 

responsible for executive function (prefrontal and parietal regions) are activated when 

students engage in mathematical tasks that require the application of learned strategies and 

tax the working memory (Lambourne et al., 2013). While these regions are shown to have 

greater effect on mathematics and reading performance than performance in other disciplines 

(Erwin et al., 2012; Lambourne et al., 2013; McClelland et al., 2015; Vazou & Smiley-Oyen, 

2014), executive function is requisite to students’ success in the core curricula. Executive 

function is more vital to school readiness than intelligence quotient (Vazou & Smiley-Oyen, 

2014). Moreover, executive function is a predictor of mathematics and reading competence 
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for students throughout grades K-12 (Vazou & Smiley-Oyen, 2014). Several studies 

corroborate the positive effects of classroom-based physical activity on students’ cognitive 

ability, with particular emphasis on concentration (Howie & Pate, 2012; Jensen, 2000; 

Maeda & Randall, 2003; Reed et al., 2010; Sibley & Etnier, 2003); time-on-task behaviors 

during instruction (e.g., Caterino & Polak, 1999; Jarrett et al., 1998; Jensen, 2000; Mahar et 

al., 2006); brain plasticity and fluid intelligence (Reed et al., 2010); and the ability to re-

focus once diverted during instruction (Maeda & Murata, 2004). These findings are 

underscored by the physiological mechanisms that support executive function (Lambourne et 

al., 2013; Maeda & Randall, 2003; Reed et al., 2010). Vazon and Smiley-Oyon (2014) found, 

“Executive function, in particular, is the part of cognition that encompasses effortful and 

goal-oriented functions, including inhibition, working memory, and cognitive flexibility” (p. 

475). Evidence suggests that cognitive and executive functions are improved by school- and 

classroom-based physical activity.  

The following sections of this paper explore the relationship between classroom-

based physical activity, academic behaviors, and academic performance in the core curricula 

and address the effects of varied classroom-based physical activities on mathematics 

performance.  

Classroom-based Physical Activity and Academic Behaviors 

Classroom-based movement is associated with many improvements: time-on-task 

behaviors during instruction (e.g., Caterino & Polak, 1999; Jarrett, Maxwell, Dickerson, 

Hodge, Davies, & Yetley, 1998; Jensen, 2000; Mahar, Murphy, Rowe, Golden, Shields, & 

Raedeke, 2006); attention given to instructional content as evidenced by classroom 

observations (Rasberry et al., 2011); and classroom behavior (e.g., following instructions, 
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adhering to classroom behavioral policies) (Barros, Silver, & Stein, 2009; Rasberry et al., 

2011).  Several studies use Take 10 resources (i.e., a classroom-based physical activity 

intervention model for grades K-5) or adapt those resources to examine the effects of 

unrelated, classroom-based physical activity on students’ learning and academic behaviors 

(e.g., Donnelly & Lambourne, 2011; Kibbe et al., 2011; Mahar et al., 2006, Taras, 2005). For 

example, Mahar et al. (2006) explain how the use of Energizers (i.e., short 10-minute 

intervals of unrelated, classroom-based exercise) improved the occurrences of on-task 

behavior for 3rd and 4th grade students (n=67). In the study, the mean percentage of on-task 

behavior increased by more than 8% and was statistically significant (p ≤ .017). Further 

analysis determined that Energizers had a significant effect on the least on-task group of 

students (p <. 05). Incidences of on-task behavior for the least on-task group of students 

grew by more than 20%. Both measures indicate that unrelated, classroom-based physical 

activity is more likely to cause the increase of on-task behavior than chance (Mahar et al., 

2006). The findings from Mahar et al. imply that unrelated classroom-based physical activity 

is advantageous to underperforming or inattentive student populations and affects key 

academic behaviors that are related to learning.  

Classroom-based Physical Activity on Academic Achievement (Core Curricula) 

While there is no consensus about which type of classroom-based physical activity 

(unrelated or purposeful) is the most beneficial to students’ cognitive function and skills, 

academic behaviors, or academic achievement, the most common forms of classroom-based 

physical activity include purposeful movement and brain (or activity) breaks. Some 

researchers situate embodiment within the discussions of purposeful movement (e.g., 

Beaudoin & Johnston, 2011; McClelland et al., 2015; Osgood-Campbell, 2015). Notably, 
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there is evidence to suggest that integrating physical activity into classroom instruction by 

connecting academic objectives and content standards to classroom-based physical activity is 

of no detriment to students. In fact, teachers should be able to integrate classroom-based 

physical activity in a purposeful manner whereby the teaching of the core concepts and time 

allocated for academic instruction are not impeded (McClelland et al., 2015).  

Several studies show that increased classroom-based PA has either a positive or a null 

effect on students’ academic achievement and performance on standardized assessments and 

grade-point-averages (Dinkel et al., 2017; Howie & Pate, 2012; Rasberry et al., 2011). 

Findings vary based on type of assessment measure, study design, and type of physical 

activity (Donnelly & Lambourne, 2011; Lambourne et al., 2013; Sibley & Etnier, 2003). The 

following paragraphs depict research findings based on the type of classroom-based physical 

activity, beginning with unrelated movement followed by purposeful movement and 

embodiment.  

Unrelated Movement  

Unrelated classroom-based physical activity improves students’ academic 

achievement in the core curricula. Reed et al. (2010) examined the impact of classroom-

based physical activity on students’ (N=155) fluid intelligence and academic performance. 

The intervention integrated 30 minutes of unrelated, classroom-based physical activity during 

instruction of the core curricula. The experimental group participated in the intervention 

activities for three days per week during the intervention period. Measures of academic 

performance were assessed using state-mandated, standardized, and summative assessments 

(i.e., Palmetto Achievement Challenge Tests [PACT]). The experimental group (a) was more 

active than the control group, averaging about 1200 pedometer steps on treatment days; (b) 
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outperformed its counterparts in social studies, English and Language Arts, and mathematics; 

and (c) demonstrated significantly better performance on a measure of intelligence. 

Moreover, more students in the experimental group scored proficient and advanced on the 

mathematics PACT while scoring advanced on all other areas of the PACT. Their 

counterparts did not.  

One study of middle grades mathematics learners analyzed the effects of two types of 

unrelated classroom-based physical activity and of a traditional, sedentary form of direct 

instruction on 6th grade students’ standardized mathematics scores (Mead, Scibora, Gardner, 

& Dunn, 2016). One-way ANOVA of the measures (two 5-minute physical activity breaks 

during instruction, sitting on stability balls rather than traditional seats, and no physical 

activity intervention) across three classes indicated that sitting on stability balls had the 

greatest effect on mathematics scores. Findings implied that stability balls activate regions of 

the brain that support cognitive function (e.g., executive function, attention, memory) (Mead 

et al., 2016). These findings were consistent with research on executive function and the eye-

limb coordination (see McClelland et al., 2015).  

Purposeful Movement  

A well-documented example of purposeful movement is the Take 10 project, a 

classroom-based physical activity intervention model for grades K-5 (Kibbe et al., 2011). In 

this model, ten-minute brain breaks from instruction are used to incorporate purposeful 

movement. The purposeful movement of Take 10 uses body motion to emphasize 

mathematics and reading content. Take 10 has been integrated into 50,000 classrooms 

nationwide and has over ten years of empirical evidence to support its use (Kibbe et al., 

2011; Rasberry et al., 2017). Of key interest is the effect of Take 10 on elementary students’ 
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academic achievement. The intervention demonstrated (a) improvements in students’ 

composite reading and mathematics scores on standardized assessments, and (b) an increase 

in time-on-task behaviors (Kibbe et al., 2011). Similarly, Physical Activity across the 

Curriculum (PAAC) adapted Take 10 resources to conduct a cluster-randomized, controlled 

three-year study. PAAC’s findings suggest that students’ improved mathematics performance 

is associated with increased classroom-based physical activity (Donnelly & Lambourne, 

2011; Kibbe et al., 2011; Lambourne et al., 2013). I suggest that purposeful movement is 

movement that is related to mathematics content, but this movement does not use the body to 

mimic mathematical actions or ideas. For example, jumping rope while reciting 

multiplication facts is an example of purposeful movement. Yet, the action of jumping rope 

does not replicate the act of multiplying factors to yield a product. Conversely, pivoting on 

one foot to mirror rotating about a fixed point is an action that embodies a geometric 

transformation on the coordinate plane. Therefore, the latter example is both purposeful and 

embodied movement. The following paragraphs discuss the construct of embodiment in 

greater detail.   

Embodiment  

Several studies build on the foundation laid by embodied theorists. New evidence 

from medicine (e.g., neuroscience, psychology) suggests the body and brain work in concert 

to conceptualize ideas (McClelland et al., 2015; Ruiter et al., 2015). This “inextricably linked 

brain-body system” suggests that learning is dependent on the body. Knowledge is 

constructed by one’s experiences in the world, which includes physical actions. Gesture 

(purposeful bodily movements and hand motions that are not arbitrary, meaningless, or 

devoid of a connection to mathematical content) have been shown to improve children’s self-
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control and mental focus, indirectly improving the academic behavior of attention and 

academic performance (McClelland et al., 2015; Rasberry et al., 2011). Varying forms of 

gesture, ranging from abstract gesture to concrete gesture, are discussed in the literature. 

Abstract gestures help learners to see their physical actions relative to important aspects of 

the mathematics content while minimizing attention given to irrelevant aspects of the 

problem scenario (Novack, Congdon, Hemani-Lopez, & Goldin-Meadow, 2014). Concrete 

gestures mimic kinesthetic movements of physical objects and have the potential to “free 

knowledge from a particular context so that it can be more easily generalized to new problem 

forms” (Novack et al., 2014, p. 904). 

McClelland et al. (2015) examined the effects of abstract and concrete gestures on 

elementary students’ academic performance in the core curricula in 10 urban elementary 

schools in the United Kingdom. Based on controlled, longitudinal trials (N=1955), the 

researchers report statistically significant findings (p = .001) on the effects of the 

Move4Words intervention (ES > 0.64). A brief summary of the study and findings are as 

follows: Teachers of the experimental group (intervention) were trained to implement 

prescriptive lessons in the core curricula. During the lessons, intervention teachers led 

students as they completed Move4Words (i.e., a series of progressively more intricate 

movements that were designed to improve awareness and self-control). Movements included 

breathing training, relaxation techniques, and simultaneous limb-eye motions (e.g., lifting 

right leg and right arm, following the motion of an object with one’s eyes, circling or tracing 

a graph). The intervention was designed to last a duration of 10-15 minutes per day for 12 

weeks. Pre-intervention, baseline data indicated that control and experimental cohorts were 
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performing at a proficiency level of 59% on the National Exams (SATs). The SATs are 

summative, standardized measures of proficiency in mathematics and English.  

After using the Move4Words intervention, 79% of intervention students scored 

proficient on the SATs compared to only 66% of students in the control group. Moreover, 

intervention students’ reading target was three times greater than that of their counterparts. 

Move4Words improved several cognitive skills and academic behaviors (e.g., mood, 

attention, focus) as well. Students’ mathematics performance increased by 88%. 

Compellingly, Move4Words had the greatest impact on overall performance composite 

scores for reading, writing, and mathematics for the lowest performing students. That is, 

children in the bottom 20% of baseline data (i.e., pre-intervention data collection) 

demonstrated a 128% performance increase in each of the aforementioned areas on the SATs 

(McClelland et al., 2015). 

McClelland et al. (2015), supported by findings from MBE, suggest that Move4words 

was successful because the eye-limb movements engage the region of the brain that is vital to 

reading (i.e., corpus callosum). As such, the Move4Words intervention supports the brain’s 

ability to transfer information from left to right hemispheres. The causes for the 

intervention’s benefits to mathematics performance are not discussed. Yet, it is inferred from 

other literature that increased physical activity affects the region of the brain that supports 

reasoning and abstraction (Donnelly & Lambourne, 2011; Lambourne et al., 2013; Osgood-

Campbell, 2015; Reed et al., 2010). Both reasoning and abstraction are essential cognitive 

skills associated with mathematics performance (Erwin et al., 2012). Furthermore, the 

cognitive mechanisms that support physical movement also facilitate students’ creation of 

conceptual systems, reasoning ability, and abstractions (Osgood-Campbell, 2015). Therefore, 
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these cognitive mechanisms underscore key mathematical constructs and are possibly 

associated with findings from McClelland et al. (2015). 

The previous sections of this paper focused on the effects of purposeful and unrelated 

classroom-based physical activity on students’ academic behaviors and achievement in the 

core curricula, to include mathematics. The following section emphasizes key effects of 

classroom-based physical activity on mathematics performance by describing (a) nuances of 

embodiment theory, (b) its relevance to mathematics teaching and learning, and (c) 

purposeful movement as a type of embodiment.  

Classroom-based Physical Activity on Academic Achievement (Mathematics) 

Classroom-based physical activity is of most benefit to low performers in 

mathematics (Erwin et al., 2012; Rasberry et al., 2011; McClelland et al., 2015) and students 

with learning or behavioral disabilities in mathematics (Dinkel et al., 2017; Fedewa & Ahn, 

2011; Howie & Pate, 2012). Purposeful classroom-based physical activity in mathematics 

exists in the intersection of MBE, mathematics education, and physical education. It provides 

a rich sensory experience for students. In addition, purposeful classroom-based physical 

activity amplifies the learning of mathematics (e.g., Beaudoin & Johnston, 2011; Ruiter et 

al., 2015). Research explains how purposeful movement underscores the learning of 

mathematics in the elementary, high school, and undergraduate settings.  

Ruiter et al. (2015) characterize a form of purposeful classroom-based physical 

activity in elementary mathematics named “task-related body movements.” The researchers 

conducted a quasi-experimental trial (N= 118) in which four classrooms of first graders were 

randomly assigned to one of two treatment groups or one of two non-treatment (control) 

groups. The treatment groups enacted two types of classroom-based movement. One 
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treatment group (n=28) constructed two-digit numbers by verbalizing a form of skip counting 

(e.g., counting by tens, then ones to build the two-digit number) while making a series of 

physical steps of differing sizes to correspond with the position of the verbalized numbers on 

the number line. Rather than using a traditional number line, the teachers taped rulers onto 

the floor. The students used the rulers to gauge where to step as they counted. For example, if 

a student was asked to build the number 42, the student would count aloud saying “10, 20, 

30, 40, 41, 42” while taking four big steps, to represent the counting by tens, followed by two 

small steps to represent counting by ones. Similarly, students in the second treatment group 

(n=27) were asked to follow the same protocol as the former group. Yet, they were also 

asked to observe themselves in a mirror while implementing the series of steps. In one 

control group (n=32), students were asked to build the two-digit numbers using pencil-paper 

methods while marking the numbers on an image of a ruler. In the second control group 

(n=27), students modified the intervention of the first control group by enacting the physical 

activity component after writing the numbers on paper. There was a statistically significant 

effect of movement on students’ final mathematics performance (p < 0.001). Results on the 

final mathematics test indicated that children in intervention group that used movement and 

number building scored better than the mirror-based treatment group and their counterparts in 

both control groups. The movement intervention had a moderate effect on final mathematics 

performance (Eta squared=0.13). 

Similarly, purposeful movement in high school mathematics is related to better 

performance on assessments, improved attitudes, and students’ more proficient use of 

symbolic representations in algebra and other advanced mathematics courses (Beaudoin & 

Johnston, 2011). Beaudoin and Johnston (2011) employed a quasi-experimental design 
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(N=25) in which two high school algebra classes were assigned to control or experimental 

groups based on convenience. Both groups used researcher-designed instruments (i.e., pre- 

and post-tests, instructional materials) to learn how to graph quadratic functions, the 

relationship between parent-functions and transformations of quadratics, and the effects of 

parameter values. The control group (n=11) received a traditional-style, paper-pencil lesson 

and engaged in seatwork. The experimental group (n=14) received the same lesson but 

utilized a purposeful movement approach to guided practice. This group cut out iconic 

representations of quadratic functions and manipulated them on the coordinate plane. In 

addition, these students embodied the motion of the transformation on the parent function. 

Beaudoin and Johnston (2011) conducted a pre- and post-test comparison between the 

groups. The experimental group had a greater performance gain on the post-test than the 

control group, 84% and 64.9%, respectively (ES=0.82). In addition, the purposeful 

movement-based lesson affected academic behaviors. The experimental group expressed 

greater interest in and enjoyment of the mathematics lesson.   

Like the small sample size (N ≤ 25) used by Beaudoin and Johnston (2011), extant 

literature describes two case studies in which the effects of purposeful movement on the 

mastery of mathematics concepts are analyzed. Nemirovsky and Rasmussen (2005) 

examined the intersection and effects of kinesthetic motion on an undergraduate student’s 

qualitative understanding and ability to interpret and represent motion-graphs. Their case 

study demonstrated that kinesthetic activity “could transfer or generalize to the building and 

interpretation of formal, highly symbolic mathematical expressions” (p. 9). Another case 

study by Noble (2003) explored the parallels between a student’s use of physical motion to 

predict visual attributes of graphs and the use of a motion detector. The student’s “physical 
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experiences” in creating the graphs underscored his ability to re-enact the motion of the 

detector (Beaudoin & Johnston, 2011; Noble, 2003).  

The findings of Beaudoin and Johnston (2011), Nemirovsky and Rasmussen (2005), 

Noble (2003), and Ruiter et al. (2015) illustrate the importance of the mind-body system in 

mathematics teaching and learning. To wit, students are able to make connections between 

abstract mathematical concepts and prior knowledge. These connections are integral to 

students’ construction of mathematical understanding and are facilitated by embodied and 

purposeful classroom-based physical activity. Thus, there is empirical evidence to support 

the use of said movement in mathematics education.  

It is important to note the interconnected nature of purposeful classroom-based 

physical activity and embodiment. Studies imply embodiment and purposeful movement are 

synonyms and emphasize the connection between mathematics and embodied approaches to 

cognition (Osgood-Campbell, 2015; Ruiter et al., 2015). Likewise, studies suggest the 

embodied nature of mathematics as a discipline (McClelland et al., 2015; Tall, 2013). 

Namely, an examination of how students solved algebraic and arithmetic problems highlights 

the association between cognitive processes, bodily perceptions, movement, and 

mathematical reasoning (McClelland et al., 2015; Nemirovsky & Rasmussen, 2005; Ruiter et 

al., 2015). The following sub-section revisits the theory of embodiment and attempts to 

situate gesture and other classroom-based physical movement, germane to mathematics 

learning, in embodiment theory. 

Embodiment 

Humans’ abilities to make sense of the world are rooted in sensorimotor operations 

(McClelland et al., 2015; Osgood-Campbell, 2015; Tall, 2013). What one perceives in the 
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physical world through the five senses helps to facilitate the development of abstract mental 

conceptions. Because mathematics is an abstract discipline (National Research Council, 

2001; Reys, 1994), sensorimotor operations are integral to the forming of mathematical 

ideas. In fact, “mathematical thinking builds, initially, through making sense of our 

perceptions and actions” (Tall, 2013, p. 139). As such, these sensorimotor operations are the 

foundation for conceptual and operational embodiment (Tall, 2013). Conceptual embodiment 

focuses on the properties of objects while the latter emphasizes operations, language, and 

forms of reasoning. Tall (2013) defines an operation as an action with a specific purpose. 

Moreover, using Tall’s descriptions of an operation and of operational embodiment, 

purposeful classroom-based physical activity can be framed as an operation. Because in 

mathematics teaching, purposeful classroom-based physical activity is used to underscore or 

emphasize a mathematical concept, it is, indeed, and action with a specific purpose. Forms of 

operational embodiment include, but are not limited to, gestures, movement, and 

manipulating a concrete object. For example, suppose a student constructs a square using a 

ruler and protractor. The student creates a semi-concrete representation of an abstract 

geometric shape, and he/she completes an operation by performing an action with a specific 

purpose. The student’s use of tools is inextricably linked to bodily and perceptual movement. 

Therein, the sensorimotor operation and its embodiment are symbiotic (McClelland et al., 

2015; Tall, 2013).  

Research suggests the use of concrete and abstract gestures during mathematics 

learning capitalizes on the mind-body connection and is a conduit for operational 

embodiment as described in the preceding paragraph (Beaudoin & Johnston, 2011; 

McClelland et al., 2015; Ruiter et al., 2015). Beaudoin and Johnston (2011), McClelland et 
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al. (2015), Nemirovsky and Rasmussen (2005), and Ruiter et al. (2015) describe abstract and 

concrete gestures that are (a) purposeful classroom-based physical activities, (b) rooted in 

operational embodiment, and (c) significant to students’ development of conceptual systems 

that support learning of abstract mathematical content such as the end-behavior of a quadratic 

function.  

Likewise, abstract gesturing while solving an arithmetical problem is of more benefit 

than not. In fact, gesturing lowers the cognitive load during arithmetical problem solving and 

mathematics learning (Cook, Yip, & Goldin-Meadow, 2012; Ruiter et al., 2015). Other 

studies indicate the benefit of whole-body movement in the development of number sense, 

with particular emphases on number magnitude and estimating numbers on a number line 

(Fischer, Moeller, Bientzle, Cress, & Nuerk, 2011; Kucian, Grond, Rotzer, Henzi, 

Schönmann, Plangger, ... ,& von Aster, 2011; Link, Moeller, Huber, Fischer, & Nuerk, 2013; 

Osgood-Campbell, 2015). Rooted in embodied cognition, researchers examine the use of 

technology and gaming systems (e.g., Nintendo Wii, Xbox360 with Kinect) in computer-

supported number line training. These studies describe the conceptual supports of whole-

body movement and gaming systems with spatial components on elementary students’ 

development and enactment of bodily motions that are aligned to or divergent from the 

mental number line (Link et al., 2013; Moeller, Fischer, Nuerk, & Cress, 2015).  

Similarly, Kucian et al. (2011) suggest the use of embodied computer-supported 

learning in mathematics improves students’ arithmetical computations and promotes 

neurological changes to the brain. Gaming helps students to automate the cognitive processes 

associated with number line accuracy and basic number operations (Moeller et al., 2015). 

Likewise, Fischer et al. (2011) attest that embodied training on number and spatial sense, 
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using the Xbox 360 with Kinect, is more effective on kindergarten students’ comparison of 

small-number magnitude. Interestingly, this study compared the effects of whole-body 

movement (experimental group) to concrete gesture enacted with the limb (control group). 

Students in the experimental group used dance mats on the Xbox 360 with Kinect to perform 

whole-body movements in relation to the location of small numbers on the number line. 

Students jumped to the left or right on the mat depending on the magnitude of the target 

number that was displayed on the screen. Students in the control group used finger 

movement to select the larger of the two numbers being compared number on tablet screen. 

This form of concrete gesture replicated movement that would “grab and select” the larger of 

the numbers. Students in the experimental group outperformed their counterparts and had 

greater accuracy in ordering and comparing the magnitude of numbers 1-10 on the number 

line. Compellingly, the experimental group demonstrated improved accuracy in rote counting 

(Fischer et al., 2011; Moeller et al., 2015). Thus, literature suggests that different learning 

may emerge from students’ use of gaming systems that require whole-body movement versus 

concrete gesturing with one’s limbs in the mathematics classroom. 

While some literature’s findings related to the effects of purposeful classroom-based 

physical activity are not generalizable due to sampling methods and sizes (e.g., Nemirovsky 

& Rasmussen, 2005; Nobel, 2003), there are studies that provide empirical, and perhaps 

generalizable, evidence of the positive effects of increased unrelated classroom-based 

physical activity on elementary and secondary students’ mathematics performance (Kibbe et 

al., 2011; Knight & Rizzuto, 1993; Maeda & Randall, 2003; Sallis, et al., 1999).  For 

example, Knight and Rizzuto (1993) analyzed the relationship between balance skills and 

mathematics academic achievement, and Caterino and Polak (1999) detailed the positive 
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effects of unrelated classroom-based physical activity on mathematics-related academic 

behaviors. 

Knight and Rizzuto (1993) described an association between fine motor skills and 

mathematics performance using standardized assessment measures (i.e., Iowa Test of Basic 

Skills). (Note, reading skills were a subsidiary of this assessment.) Students’ physical ability 

(i.e., fine motor skills) was assessed by their ability to balance on a balance beam, walk, and 

hop on one foot. Mathematics scores were positively associated with whole-body movement 

(e.g., increased balancing ability). Similarly, Caterino and Polak (1999) studied the effects of 

classroom-based physical activity, physical fitness, and fine motor skills on students’ 

academic performance in mathematics (and reading) on standardized measures. The findings 

of the study did not demonstrate significant differences in students’ performance on 

standardized measures between the experimental and control groups. However, it is noted 

that the intervention group showed significantly better concentration on the Woodcock-

Johnson Test of Concentration after participating in the unrelated classroom-based physical 

activity (Taras, 2005).  

Shephard (1996) presents compelling evidence of the effects of unrelated school-

based physical activity on elementary students. The study revealed that unrelated school-

based physical activity had a greater impact on students’ mathematics scores than increased 

instructional time (Shepard, 1996; Taras, 2005). In one study from Shepard, first through 

sixth grade students (N= 546) were assigned to either control or experimental groups. The 

control group received an increase in the amount of instructional time (i.e., 14% more 

academic instruction), and the intervention group received one hour a day of unrelated, 

school-based physical activity. Pre-intervention data indicated students in the experimental 
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group had poorer grades than their counterparts. Yet, with treatment, these students scored 

significantly better in mathematics than the control group (Shepard, 1996; Taras, 2005).  

Thus, there is a substantial amount of empirical evidence to support the use of 

purposeful and unrelated classroom-based movement in mathematics and other areas of the 

core curricula. Moreover, the use of gaming systems (e.g., Nintendo Wii, Xbox 360 with 

Kinect) in curricula with content that includes abstract and spatial components may be of 

benefit to learners.  

Toward a Consensus in the Literature 

Extant literature describes inconsistent and often small findings about the effects of 

school-based physical activity on children’s academic performance and behaviors (Dinkel et 

al., 2017; Fedewa & Ahn, 2011; Howie & Pate, 2012). These findings suggest effects 

ranging from small-negative to strong- positive associations that are potentially moderated 

and/or mediated by other factors (e.g., study design, methods, duration and type of school-

based physical activity) (Fedewa & Ahn, 2011; Howie & Pate, 2012; Lees & Hopkins, 2013; 

Rasberry et al., 2011; Taras, 2005). The effects of mediators and moderators warrant further 

exploration.  

Some findings from the literature suggest that the type and duration of unrelated 

classroom-based physical activity make a difference in students’ performance on 

standardized measures of mathematics performance (Dinkel et al., 2017; Sibley & Etnier, 

2003). Fedewa and Ahn (2011) conducted a meta-analysis of literature from 1947 to 2009. 

The results of their analyses confirm the presence of a strong positive association between 

children’s physical activity, cognition, and academic achievement, with aerobic school-based 

physical activity having the greatest effect on outcomes. In addition, Fedewa and Ahn (2011) 
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describe several mediators that affect the outcomes of school-based physical activity on 

children’s cognition and academic achievement: age, grade level, and the type of the physical 

activities. In this vein, Lambourne et al. (2013) identified aerobic fitness as a moderator and 

mother’s level of education and household income as mediators of mathematics performance 

for 3rd graders (N=678).  

Yet, “missing from the literature is a clear understanding of how each indicator 

(physical activity or aerobic fitness)” operated, in concert or separately, to influence 

academic achievement in school-aged children (Lambourne et al., 2013, p. 165). Because 

children’s physical activity levels are not as documented in the same way as adults’, a 

substantial amount of research in this area infers a relationship between physical activity and 

physical (e.g., aerobic) fitness (Fedewa & Ahn, 2011; Lambourne et al., 2013). Research has 

begun to consider physical fitness as a possible moderator of mental health and cognition; 

therein, physical fitness potentially affects the strength of the relationship between physical 

activity and cognitive functioning in children.  

Limitations of Existing Research 

Fedewa and Ahn (2011) suggest that this relatively unexplored interplay between 

physical fitness and physical activity contributes to the inconsistent findings in extant 

literature regarding the relationship between school-based physical activity and academic 

achievement in children, concluding, “Despite the number of studies documenting the 

positive relationship between (school-based) physical activity and children's cognitive 

functioning, there has been no consensus on whether (school-based) physical activity truly 

exerts a significant effect on children’s cognition” (p. 522). Other research suggests the 

inconsistencies in findings from domestic empirical research is attributed to the following: 
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(a) study designs (i.e., observational or experimental, cross sectional or longitudinal); (b) 

non-uniform measures of school-based physical activity (e.g., sports participation, physical 

education curricula, duration of physical activity); and (c ) measures and instrumentation of 

academic performance (e.g., classroom grades, grade-point-averages, performance on 

standardized and non-standardized assessments) (Howie & Pate, 2012). Furthermore, 

standardized and multiple measures have the potential to quell discrepancies in research 

findings.  

In 2007, there was a dramatic change in the research narrative and the correlation 

between the effects of school-based physical activity on elementary and middle grades 

students’ academic and cognitive outcomes. For example, several (n=32) published 

observational studies (pre-2007) examined the relationship between school-based physical 

activity and academic achievement (Howie & Pate, 2012). Almost half (15 of 32) of these 

studies used classroom grades or grade-point-averages as single measures of academic 

achievement, and 40% used standardized measures of assessment. More than half (69%) 

reported positive associations, three reported negative associations, and nine reported null 

associations (Dinkel et al., 2017; Howie & Pate, 2012). Conversely, after 2007, more than 

half of all observational studies (n=21) used standardized achievement tests to assess 

academic achievement; 95% reported positive associations, two found null associations, and 

one found both negative and positive associations. More current international studies in 

Denmark and Europe addressed study design and the use of multiple, standardized measures 

(e.g., Have, Nielsen, Gejl, Ernst, Fredens, Stockel,..., & Kristensen, 2016; Mura et al., 2015). 

Have et al. (2016) suggest a research protocol to promote more replicable and generalizable 

findings in the body of research pursuant to the effects of school-based physical activity on 
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students’ cognitive and academic outcomes. Thus, findings imply the use of multiple 

measures, including standardized assessments, are necessary to push the body of research 

toward consensus.  

Need for the Study 

Most of the domestic and international empirical studies examine the effects of a 

continuum of physical activity (e.g., moderate physical activity, vigorous physical activity, 

intervals of physical activity) and are conducted within the elementary school setting as 

classroom-based physical activity interventions (Dinkel et al., 2017; Donnelly & Lambourne, 

2011; Mahar et al., 2006; Reed et al., 2006; Wells, 2012) or physical education interventions 

(Rasberry et al., 2011; Sallis et al., 1999). Only a handful of studies analyze the effects of 

recess (Caterino & Polak, 1999; Jarrett et al., 1998; Pellegrini et al., 1995). Few studies 

address the impact of purposeful or unrelated school-based movement at the middle or 

secondary grade levels (Rasberry et al., 2011).  

It is clear that research findings on the effects of school-based physical activity on 

students’ academic performance differ due to study design, methods, and instruments (Dinkel 

et al., 2017; Howie & Pate, 2012; Taras, 2005). Nevertheless, findings from meta-analyses 

suggest positive or null associations between school-based physical activity and academic 

performance (Fedewa & Ahn, 2011; Erwin et al., 2012), and research consistently indicates a 

positive association between school-based physical activity, cognition, and academic 

behaviors (Lambourne et al., 2013; Mahar et al., 2006; Reed et al., 2010). Moreover, 

classroom-based physical activity is of most benefit to (a) low performers in mathematics 

and reading (Erwin et al., 2012; Rasberry et al., 2011); (b) students with learning disabilities 
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(Fedewa & Ahn, 2011; Howie & Pate, 2012); and (c) students with larger body mass indexes 

(Fedewa & Ahn, 2011; Mura et al., 2015).  

Although the effects of school-based physical activity are explicitly delineated, most 

extant literature considers the health benefits as primary outcomes and the academic benefits 

as secondary (Mura et al., 2015). Yet, because “physical activity may have the greatest 

impact on students who are in the most need of academic support, those with cognitive 

impairments or learning disabilities” (Dinkel et al., 2017, p. 187), the research focus is 

changing. There is an emerging body of research that examines the association between 

school-based physical activity, including physical education, and academic performance 

among school-aged youth. Further study is needed to examine the effects of moderating and 

mediating factors (e.g., location of physical activity, duration of classroom-based physical 

activity, use of standardized and multiple measures) on students’ academic performance 

(Fedewa & Ahn, 2011; Sibley & Etnier, 2003). In particular, additional investigation of the 

effects of these factors on middle grades students is warranted.  
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CHAPTER 3 

This chapter begins with an overview of the study designs and methodologies of 

extant literature followed by a robust description of the proposed study. In an effort to 

describe how Rasberry et al.’s (2011) constructs influence the rationale and methods of the 

proposed study, it is important to briefly describe how the constructs were measured in 

historical and contemporary literature.  

Methodologies in Extant Literature 

The effects of school-based physical activity on academic performance (i.e., cognitive 

skills and attitudes, academic behaviors, and academic achievement) are examined using a 

variety of study designs, instruments, and measures. Literature presents key ideas for 

developing a methodological framework for quantitative and qualitative analyses of the 

effects of school-based physical activity on cognitive function and academic achievement 

(Howie & Pate, 2012). Primary methods of analyses use observational or experimental 

studies and varying durations and types of school-based physical activity (Dinkel et al., 2017; 

Fedewa & Ahn, 2011; Howie & Pate, 2015; Maeda & Murata, 2004; Maeda & Randall, 

2003; Mahar et al., 2006; Rasberry et al., 2011; Reed et al., 2006; Taras, 2005). The 

following paragraphs describe commonalities among the methodologies of existing research 

and seek to ground the proposed research design in extant literature. 

Study Design  

Most peer-reviewed, international and domestic published studies that examine the 

effects of school-based physical activity on middle and elementary grades students’ academic 

performance employ either observational or experimental study designs (Howie & Pate, 

2012; Rasberry et al., 2011). Howie and Pate (2012) identify common themes from all of the 
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studies published before April 2012, excluding literature reviews, which investigate the 

relationship between physical activity and academic achievement for children ages six to 

eighteen. Per the researchers, observational studies employ either a cross-sectional or a 

longitudinal design. Experimental studies are either randomized, quasi-experimental, or 

within-subject designs. Studies either use random or voluntary sampling methods (Donnelly 

& Lambourne, 2011; Jarrett et al., 1998; Lambourne, Hansen, Szabo, Lee, Hermann, & 

Donnelly, 2013; Mahar et al., 2006). 

It is important to note that 53 of the 125 studies were published between 2007 and 

2012, indicating a burgeoning interest in the effects of school-based physical activity on 

students. There is limited data pre-2007. In fact, Sibley & Etnier (2003) state only nine peer-

reviewed studies that employ an experimental design on school-based physical activity and 

cognition exist pre-2003 (e.g., Caterino & Polak, 1999; Sallis, McKenzie, Kolody, Lewis, 

Marshall, & Rosengard, 1999; Shephard et al., 1996).  

Variables  

Generally, studies identify the following independent variables: students’ levels of 

fitness, physical education, physical activity, and sports participation. These independent 

variables are strongly associated or of null association with academic behaviors, academic 

performance, or cognitive outcomes. Cognitive processes encompass an array of 

physiological components (e.g., attention, executive functions, perception). Intelligence 

quotient is also “considered a composite measure of cognitive processes and included as a 

cognitive outcome” (Howie & Pate, 2012, p. 162).  
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Instrumentation and Measures  

The majority of the studies use standardized battery assessments of memory, 

attention, or executive function to measure cognitive function (Reed et al., 2010; Vazou & 

Smiley-Oyen, 2014) and a combination of standardized and teacher-made assessments (or 

reports) to measure academic performance (Donnelly & Lambourne, 2011; Mead, Scibora, 

Gardner, & Dunn, 2016). Academic behaviors are measured using researcher-generated 

protocols. For example, Jarrett et al. (1998) developed an observation protocol with three 

codes (i.e., W-work, F-fidgety, L-listless) to indicate students’ time-on-task after classroom-

based physical activity.  

Reported limitations of using standardized assessments or teacher-reports of students’ 

grades to quantify academic performance precipitate the need for other forms of standardized 

measures. Erwin et al. (2012) suggest that standardized tests or classroom-grades are not 

useful in measuring the short-term academic gains with which school-based physical activity 

is associated. Rather, the researchers suggest the use of curriculum-based measures (CBMs) 

to quantify academic gains over a short period (i.e., less than one academic year). CBMs, 

research-based assessments that measure the basic skills of reading, mathematics, and 

writing, prove useful in measuring students’ academic skills in the core curricula. Erwin et al. 

depict the predictive power (r=.67) of a CBM to measure oral reading fluency on children’s 

future reading achievement and high-stakes standardized assessment.  

Statistical Analyses  

 The most frequently used statistical tests are repeated measures analysis of variance 

(ANOVA) (Fedewa & Ahn, 2011; Grieco et al., 2008; Jarrett et al., 1998; Kibbe et al., 2011; 

Mead et al., 2016) and analysis of covariance (McClelland et al., 2015). For example, Grieco 
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et al. (2008) used repeated measures ANOVA to determine the differences in performance 

means of the control and experimental groups under three categories of body mass indexes 

(i.e., normal, at risk, overweight). Similarly, Kibbe et al. (2011) used repeated measures 

ANOVA to determine differences in students’ activity levels during physical education, 

recess, lunch, and after-school.  

Effect size (ES) is frequently used to indicate the effect of classroom-based physical 

activity on students’ time-on-task (e.g., Bartholomew & Jowers, 2011; Fedewa & Ahn, 2011; 

Grieco et al., 2008). A particular measure of effect size, Cohen’s d, is used to indicate the 

magnitude and statistical significance of the effects of moderator variables on the effects of 

school-based physical activity in elementary and middle grades students. These interactions 

are strengthened or diminished based on independent variables such as assessment type, 

length and type of physical activity, and students’ age. For example, the type of cognitive 

assessment (ES=0.49) has statistical significance in moderating the effects of school-based 

physical activity on elementary students’ cognitive functioning (Q= 17.51, df = 7, p < 0.025). 

Per Sibley and Etnier (2003), “The largest effects were seen with perceptual skills tests” of 

cognitive function” (p. 250). Thus, the type of assessment influences the strength of the 

relationship between school-based physical activity and students’ cognitive function. 

Likewise, grade level is statistically significant in moderating the effects of school-based 

physical activity on academic performance (Q = 39.33, df = 4, p < 0.005). Elementary and 

middle school students benefit the most from school-based physical activity, with larger 

effect size for middle (ES=0.48) (Sibley & Etnier, 2003). Thus, students’ ages (grade level) 

moderate the effects of school-based physical activity on academic measures such as 

assessment and classroom grades. Similarly, some factors (e.g., household income, parents’ 
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education level) seem to explain why school-based physical activity has a positive effect on 

certain students’ mathematics performance (Lambourne et al., 2013). 

In summary, the literature suggests that either an observational or experimental study 

design that includes the use of multiple measures of cognition and academic performance 

should be used to measure and describe the effects of school-based physical activity on 

elementary and middle grades students’ cognitive skills and attitudes, academic behaviors, 

and academic performance. In addition, many of the existing studies employ a cross-sectional 

analysis of said effects and use repeated measures ANOVA. These findings emphasize the 

significance of examining the effects of the dependent variables (i.e., academic behaviors, 

academic performance, cognitive function and skills) under different treatments (e.g., 

intervals of classroom-based physical activity, physical education curricula, recess) and at 

multiple times during the intervention trial. Each of these findings underscores the potential 

effectiveness of the study design of Take 5 in identifying and measuring the effects of a 

classroom-based physical activity intervention in the middle grades.  

Goals and Research Questions of the Study 

The effects of school-based physical activity on students’ physical well-being are 

highly documented while such effects on cognitive and academic performance are secondary 

(Less & Hopkins, 2013; Mura et al., 2015). Empirical research addressing the effects of 

school-based physical activity on elementary grades students’ academic performance and 

behaviors is limited (Fedewa & Ahn, 2011; Howie & Pate, 2012), and the examination of 

these effects at the middle grades level are even more sparse (Fedewa & Ahn, 2011; Sibley & 

Etnier, 2003). Because extant literature explicitly qualifies students’ experiences of the 

phenomenon of classroom-based physical activity in other disciplines, other grade levels, and 
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in suburban and urban areas, this study examines these effects in rural, middle grades 

mathematics classes.  

The overarching goal of the study is to contribute to the discussion of pedagogical 

deliberations in mathematics education by analysis of the impact of the intervention on 

students’ academic performances on grade-level formative assessments while simultaneously 

describing common themes that emerged as the participants engaged in the intervention 

phenomenon. Take 5 seeks to achieve this by identifying the potential effects of 

implementing brain breaks (Jensen, 2000) in the form of short intervals of classroom-based 

physical activity into rural middle grades mathematics instruction. The overarching goal is 

supported by the following secondary goals: (1) to provide an analysis of the impact of Take 

5 on students’ classroom grades and achievement on formative assessments; (2) to 

understand how Take 5 affects students’ cognitive skills, cognitive attitudes, and academic 

behaviors related to classroom content; and (3) to understand how Take 5 affects teachers’ 

pedagogical decisions and influences their perceptions of students’ academic ability. 

Therefore, the study answers the following research questions:  

1. How does Take 5 (i.e., five-minute intervals of classroom-based physical activity) 

affect rural middle grades mathematics students’ academic performance (i.e., 

qualified by the following questions)? 

a. Is there a statistically significant difference in students’ academic performance 

on formative assessments (i.e., district common assessments) between 

students who participate in Take 5 and those who do not?  
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b. Is there a statistically significant difference in students’ classroom 

performance (i.e., grades) between students who participate in Take 5 and 

those who do not? 

2. Is there a statistically significant difference in students’ cognitive attitudes and 

academic behaviors between students who participate in Take 5 and those who do 

not? How do students’ cognitive attitudes and academic behaviors compare or 

contrast between students who participate in Take 5 and those who do not? 

3. How do teachers’ perceptions of the effects of movement in the mathematics 

classroom on students’ cognitive attitudes and academic behaviors compare or 

contrast between teachers who implement Take 5 and those who do not? 

Study Design 

This research study employed a quasi-experimental, quantitative-heavy, nested 

repeated measures design in which qualitative data was embedded into an experimental trial 

(See Figure 3.1). The study sought to compare the effects of Take 5 on multiple groups of 

students. Take 5 was designed to incorporate two- to five-minute intervals of purposeful or 

unrelated classroom-based physical activity into existing middle grades mathematics 

instruction. Cognitive theorists suggest that brain breaks, ranging from 2- to 45-minutes, 

should be provided after approximately 20 minutes of sedentary instruction (Have et al., 

2016, Jensen, 2000). Therefore, Take 5 used a ratio of approximately 15 to 20 minutes of 

traditional mathematics instruction to 2 to 5 minutes of classroom-based physical activity. 

Classroom-based physical activity in the Take 5 intervention was defined as physical activity 

that was enacted in the social setting in which the activities of learning occurred. Take 5 

activities included both unrelated and purposeful activities. Intervention teachers were given 
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the latitude to design and implement other classroom-based physical activities. A brief 

discussion of the types of activities that were utilized by the intervention teachers is included 

in Chapter 4.  

The quasi-experimental design of the study sought to analyze the effects of the 

classroom-based physical activity intervention on the participants by comparing the 

performance data of the intervention group to that of the control group. White and Sabarwal 

explain, “Quasi-experimental designs identify a comparison group that is as similar as 

possible to the treatment group in terms of baseline (pre-intervention) characteristics. The 

comparison group captures what would have been the outcomes if the program/policy had 

not been implemented (i.e., the counterfactual)” (p.1). Quasi-experimental studies are 

appropriate when randomized trials are not ethical or feasible and are documented 

approaches to examining the effects of school-based physical activity on students 

(Lambourne et al., 2013; Sibley & Etnier, 2003; White & Sabarwal, 2014). Because student 

placement in classes is determined by the school administrators and students are placed in the 

control and experimental groups by the researcher, the quasi-experimental study design is 

appropriate. In this vein, the cross-sectional design is appropriate because data was gathered 

from nested sources (i.e., grades are nested in classes and classes are nested in schools) and 

from multiple groups of students over a specific period.  

Archival data about teacher effectiveness and performance was reviewed and 

analyzed by the principal investigators of the larger grant-funded study to identify study 

participants. Baseline data was determined by the initial, district common assessment. Other 

forms of data were collected throughout the study to examine multiple measures of academic 

performance (i.e., teacher-generated common assessments, county-made assessments, and 
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course averages). It is important to note that comparing students based on one academic 

measure assumes that knowledge can be evidenced by test performance. This assumption is 

not aligned with the overall tenets of my practice as an educator or researcher. To this end, I 

employed multiple measures to assess students’ academic performance, within the context of 

this study and given time constraints.  

A series of electronic surveys comprised of Likert-scale questions was administered 

to participating students at three periods during the study. At the onset of the study, a pre-

intervention survey was conducted, concurrently, with the other types of quantitative data 

collection. During and at the conclusion of the intervention, additional surveys were 

conducted to assess students’ feelings about the intervention; its effect on students’ 

dispositions, attitudes, and beliefs; and their feelings about the classroom content pursuant to 

the intervention. Finally, an electronic survey comprised of Likert-scale and open-ended 

questions was administered to the teachers at the conclusion of the intervention to assess 

teachers’ feelings about the classroom-based physical activity and mathematics instruction. 

An interview was conducted with an intervention teacher based on his responses to the 

survey and because of his pedagogical decision to integrate both unrelated and purposeful 

movement into instruction.  
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Figure 3.1. Diagram of Methods for the Take 5 Study 

 

Research Context  

This study was situated within the context of a larger, state-funded initiative to foster 

conceptual content knowledge for teaching rigorous mathematics for nine elementary and 

two middle schools in a rural district of the southeastern United States. The rural district is 

housed in a town that is populated by about 8,300 people. The district houses a community 

college. Two public middle schools situated within the small town were the settings for this 

study.   

 Take 5 was conducted during the final year of my service as a research assistant on a 

three-year grant with the rural school district. All elementary and middle schools in the 
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district participated in the grant that was funded by the Math Science Partnership and the 

North Carolina Department of Public Instruction. Prior to the grant initiatives, middle school 

performance on state-mandated end-of-grade assessments for the 2015-2016 school year 

declined. To this end, principals and teachers were eager to adopt new practices and to 

explore methods of improving students’ performance.  

The Schools 

School A (Intervention)  

The school has a population of 589 students in grades 6-8 and has six mathematics 

teachers. Mathematics courses are available in honors, traditional, and remedial tracks. The 

school has 48% minority enrollment, and 59% of students eligible for free- and reduced- 

lunch. The school suffered a 13% decrease in teachers over the past 5 years and had two 

unfilled mathematics positions for grade 8 teachers during the 2016-2017 academic year. The 

positions were filled during the summer of 2017 by an elementary teacher from the district 

and a participant in the international teacher exchange program. Each mathematics teacher in 

the school is mandated to participate in the larger, state funded-initiative of professional 

development.  

Mathematics Teachers  

One mathematics teacher in grade six and both mathematics teachers in grade eight 

are new recruits to School A (Intervention). Yet, the other teachers that comprise the 

mathematics learning community per grade level at the intervention school are veteran 

teachers with more than seven years of experience at this particular school. 

School B (Control)  
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The school has a population of 479 students in grades 6-8 and has six mathematics 

teachers. Mathematics courses are available in honors, traditional, and remedial tracks. The 

school has 45% minority enrollment, and 62% of students eligible for free- and reduced- 

lunch. Like School A (Intervention), School B (Control) suffered from high teacher turnover 

rates and teacher absenteeism. In fact, 15% of the teachers at this school have less than three 

years of teaching experience in the district. Furthermore, 37% of the teachers were absent for 

more than ten school days during the 2014-2015 school year. Each mathematics teacher in 

the school is mandated to participate in the larger, state funded-initiative of professional 

development.  

Mathematics Teachers  

One mathematics teacher per grade level is a new recruit to School B (Control). Yet, 

the other teachers that comprise the mathematics learning community per grade level at 

School B (Control) are veteran teachers with more than eight years of experience at this 

particular school. 

Grade Level Performance  

School A (Intervention)  

On the state mandated end-of-grade mathematics assessment for 2015-2016, the 

percentage of students performing at grade level (i.e., Levels 3, 4, or 5) was as follows: 46%, 

41%, and 31.3% for grades 6, 7, and 8 respectively.  

School B (Control)  

On the state mandated end-of-grade mathematics assessment for 2015-2016, the 

percentage of students performing at grade level (i.e., Levels 3, 4, or 5) was as follows: 

26.6%, 34.3%, and 30.6% for grades 6, 7, and 8 respectively.  
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More recent data from the 2016-2017 academic year indicates overall growth for each 

school. District performance results show that mathematics performance increased by 

roughly 8.1%; however, each school continues to perform at less than 50% proficiency on the 

mathematics end-of-grade assessments for each grade level except grade 6. School A 

(Intervention) performed at a 40.1% proficiency while School B (Control) performed at a 

37.8% proficiency on the fall 2017 state benchmark assessment.  

Participants 

Participants of the Take 5 study are participants in the larger grant-funded program 

and were selected based on convenience. School location is the blocking variable in the 

study, and schools are designated as either control or experimental based on qualitative 

comparison of the needs of the schools. The principal investigators and the researcher were 

immersed in the district for almost three years at the time of the study. To wit, they gathered 

a sense of the culture and day-to-day operations of each school. Moreover, in-classroom 

coaching and review of lesson study data has shown that teaching practices in both schools 

are comparable. A more robust description of the participating teachers is included in 

Chapter 4.  

Although each school in the district is required to participate in the activities 

associated with the grant, participation in Take 5 was optional. After being identified and 

designated as potential intervention and control participants by the principal investigators and 

myself, I contacted each teacher and school administrator via email to solicit their 

participation in Take 5. The email informed them of the basic goals and design of Take 5 and 

the schedule for implementation training for the intervention teachers. I followed up the 

email with a personal visit during teachers’ professional planning time to discuss the study 
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and address any questions. Afterwards, teachers were eager to allow their classes to be 

assigned to the intervention group because of poor test scores and overall performance on 

state-mandated assessments. Institutional Review Board approval was granted at the onset to 

the research pursuant to the larger state-funded project.  

One mathematics teacher per grade level for grades six through eight participated in 

the study per site, Schools A and B. Each teacher (n=6) selected two classes to participate in 

the study. Thus, there were twelve classes in the Take 5 study. Class sizes ranged from 10 to 

27 students. There were n=278 student participants in the Take 5 study. The numbers of 

participants are described in Table 3.1 below.  

 

Table 3.1  

Number of Participating Students in the Take 5 Study 

 

Variable Grade  

 6 7 8  

School  Total 

A 43 48 38 129 

B 50 48 51 149 

    N=178 

 

 

The Intervention 

Take 5 is the use of two- to five-minute intervals of classroom-based physical activity 

in the mathematics classes at two rural middle schools. This intervention required teachers at 

School A (Intervention) to enact and manage an instructional sequence of two to five minutes 

of physical activity for roughly every fifteen to twenty minutes of instruction every day 

during the three-week intervention trial (See Appendix C). That is, on a daily basis, teachers 

were expected to proceed with instruction for fifteen to twenty minutes followed by a brain 

break ranging from two to five minutes during which students engaged in physical activities 
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within the classroom space. Teachers were provided a list of researcher-designed activities 

from which each teacher chose (See Appendix E). My tenure as a classroom teacher 

informed the design of the unrelated and content-related activities. The activities varied in 

relation to mathematics content because literature fails to reach a consensus with regard to 

the most beneficial form of classroom-based physical activity (i.e., purposeful or unrelated) 

(e.g., Dinkel et al., 2017; Erwin et al., 2012; Fedewa & Ahn, 2011). 

 I conducted a short, 20-minute training workshop in the fall of 2017 with all 

participating teachers. The goal of this meeting was to familiarize the teachers with the Take 

5 initiative. During the training session, I described key theories and findings from mind, 

brain, and education research in support of classroom-based movement as a brain break. 

Intervention and control teachers received the same information during the training 

workshop. To wit, I distributed the student and parental consent forms, teacher fidelity 

reports, and the list of Take 5 activities during the meeting. I answered questions and gave 

dates for the administration of each student survey. Intervention teachers were asked to self-

report fidelity of implementation (See Appendix D) and to use a timer application on their 

mobile devices to alert them to changes in the instructional sequence. I arbitrarily selected 

one day per week during the first and third weeks of the intervention to conduct site visits to 

one class per grade level, per site to ensure fidelity. Take 5 activities were used for three 

consecutive weeks and were influenced by the academic calendar and testing schedule for the 

school district.  

The Role of the Researcher 

I realize that my race, gender, ethnicity, and personal and professional experiences 

have an impact on the entire process of research design, data collection, and data analysis. 
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More notably, my philosophy of teaching colors my view of qualitative approaches. The 

following paragraphs are a disclosure of these experiences. As a researcher whose primary 

interests are teacher education and student learning in mathematics, I emphasize the multi-

directional and multi-layered influence of teacher, student, context, and experiences. I 

emphasize the need to uncover the why and how of these constructs in an effort to improve 

teachers’ training and professional experiences, pedagogical and instructional practices, and 

student outcomes. Therefore, I have an inclination to use qualitative and quantitative methods 

of research. 

My experiences have caused me to believe that impact in the classroom originates 

and culminates with teachers. I have worked in the area of mathematics education as a 

classroom teacher for grades 8-14. I have worked in the public sector of several 

impoverished districts. As a classroom teacher, I ascribed to non-traditional views of 

teaching and learning mathematics, wherein student-centered instruction and students’ funds 

of knowledge were integral. I ascribed to culturally-responsive teaching that viewed students’ 

diverse backgrounds as capital. Each of these ascriptions creates a biased lens through which 

I view teacher-centered, didactic instruction that is devoid of students’ opportunities to move, 

touch, and feel as inferior.  

An additional area of potential bias is my work with the participants. At the time of 

the study, I was immersed in the school district and served dual roles. As the research 

assistant on the grant project, I worked with each school and teacher by conducting 

professional development, observations, and in-class coaching. These working relationships 

had been established over a two-year period. Furthermore, I became employed as a full-time 

mathematics coach in one of the schools. By serving in this capacity, I developed close 
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working relationships with the participating teachers. To wit, many divulged feelings and 

perceptions pursuant to the Take 5 study during our many informal conversations. Again, my 

coaching responsibilities and extensive work with the teachers during the 2014-2018 

academic years potentially diminish my objectivity in assigning control and intervention 

groups, interpreting the qualitative data, and constructing a narrative of its interpretation.   

Data Collection, Instrumentation, and Data Analysis 

Students’ academic performance was measured by course means and by assessing 

students’ performance on teacher-generated, formative assessments. Several types of 

quantitative data was collected for this study: archival data (i.e., previous academic year 

mathematics end-of-grade performance for each school), students’ performance on teacher-

generated assessments, students’ course averages, and electronic surveys that include Likert-

scale questions about teachers’ and students’ attitudes related to the intervention and 

classroom content. Data was collected and analyzed over a period of seventeen weeks; 

relationships with the participants were established over the course of two academic years. 

The data collection period began in early October and concluded mid-December of 2017. 

Data analysis was conducted from mid-December to early-February of 2018.  

Data Collection 

Archival Data  

 Archival data in the form of previous end-of-grade assessment data for all tested areas 

was collected and discussed by the principal investigators for the larger project and the 

researcher to establish the comparability of the two sites. This comparability was based on 

similar student demographics and students’ performance on the state-mandated end-of-grade 

assessments for the previous academic year. In addition, the researcher and principal 
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investigators completed several informal observations of the participating teachers’ 

implementation of mathematics lessons. These measures helped to establish that the teachers’ 

efficacy and practices were more similar than not, and that the students’ aptitude and 

knowledge of mathematics were more similar than not.  

Formative Assessments  

 The district required teachers and the instructional coaches (including the researcher) 

to meet bi-monthly to design common assessments per grade level; the school district used 

district-wide common exams to assess students’ growth and performance and to make 

comparisons between Schools A and B for each respective grade level. Each mathematics 

teacher had equal lobbying power and input with regard to item selection and assessment 

design. Test items were selected from the Schoolnet Program by Pearson. The content of the 

common assessments varied based on the pacing guide and curricular standards. The 

common assessments were administered for each unit of study in the district mathematics 

curriculum. Each administration of the assessments was to determine the students’ level of 

mastery of the content per grading period and to drive instruction for the upcoming grading 

periods. As such, this type of “information about the learning process” provided information 

“about how students [were] progressing” and the modifications to instruction that would 

benefit them (Center for Public Education, 2006). This study used assessment results from 

the first and second academic quarters as points of analysis. Assessment data was collected 

before the intervention trial and at its conclusion.  

Classroom Performance  

The school district determined scales for students’ class grades. That is, the school 

district determined that a weighted system was appropriate for grading and how much weight 
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each type of assignment carried for each class. At the time of this study, middle schools in 

this district used a ten-point grading scale. The weights for each type of learning artifact was 

as follows: district common assessments-40%, quizzes-30%, classwork-20%, and 

homework-10%. Although the district specified the categories and weights for students’ 

composite grades, there was no specification or protocol for grading. Teachers at each grade 

level and school used varied grading practices. Classroom grades were collected for each 

class at each grade level per site before the intervention trial and at its conclusion.    

Procedures 

The teacher effectiveness measures from informal classroom observations were 

considered for each teacher (pre-intervention). The principal investigators and research 

assistant used evidence from the informal observations of classroom teachers’ practice during 

classroom coaching and professional development activities pursuant to the larger grant-

funded project to determine the teachers’ modi operandi. This data, in conjunction with prior 

year end-of-grade scores per site (pre-intervention), was analyzed to establish that the school 

settings and teaching were more similar than not. Thus, in theory, any changes in students’ 

performance can be more likely related to the intervention than not. Furthermore, this data 

was used to assign participants to the control and intervention groups. School A was assigned 

as the intervention group for reasons of convenience. In full disclosure, I began full-time 

employment as the mathematics instructional coach at School A. Therefore, fidelity of 

implementation could be more readily monitored if this school were designated as the 

intervention group. Moreover, this school utilized a school-wide recess break for students, 

and, thereby, aligned with the overall suppositions of the theoretical framework for the Take 

5 study. The idea of increased school-based physical activity on students’ mathematics 
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performance could be more easily couched in a setting in which students engaged in brain 

breaks and additional physical activity breaks in the form of recess.  

The intervention trial began in late October and concluded two school days after 

Thanksgiving break. Students completed the series of electronic surveys on October 16-20, 

2017 (pre-intervention), November 20-21, 2017 (mid-intervention), and December 4-8 (post-

intervention). Intervention and control teachers completed the student data spreadsheets 

during the weeks of November 22 to December 18, 2017. Because the intervention trial for 

Take 5 occurred between the first and second academic quarters, teachers used students’ first 

quarter course averages as a baseline for the pre-intervention data on the spreadsheet. Post-

intervention course averages were computed based on students’ academic standing prior to 

the winter holiday break.  

First quarter scores (pre-intervention) on the district common exams and students’ 

course averages were collected to establish a baseline for student performance. Second 

quarter scores (post-intervention) on the district common exams and teachers’ academic 

evaluations of students in the form of classroom performance grades (post-intervention) were 

collected to determine changes in performance means between groups and to determine 

growth or decline for groups. The groups were compared based on performance means.  

Electronic surveys for students were collected three times during the multiphase trial: 

pre-intervention, during the intervention, and post-intervention. The surveys sought to 

measure students’ feelings about mathematics instruction and students’ academic behaviors 

(e.g., concentration, time-on-task). The surveys addressed multiple points-of-view despite the 

constraints of delivery; yet, the survey data suffered from a decline in students’ 
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responsiveness at School B (Control). Therefore, several data points were eliminated from 

the study because of the lack of matched pairs.  

 Teachers’ perceptions of classroom-based physical activity on students’ cognitive 

attitudes and academic behaviors were assessed, post-intervention, using an electronic, semi-

structured survey instrument that was adapted from Dinkel, Lee, and Schaffer (2016). A 

follow-up interview with an intervention teacher was conducted to identify any underlying 

causes related to his responses on the electronic survey using partial items from Dinkel et al. 

(2016). This intervention teacher was selected because he implemented a combination of 

purposeful and unrelated activity into his instruction. This blended approach, if you will, was 

worth exploring.  

Instrumentation (Assessments)  

Students’ academic performance was quantified by their performance on formative, 

teacher-generated assessments. The instruments used to measure classroom academic 

performance (i.e., common assessments) were teacher-generated using items from Schoolnet 

and mutually agreed upon by all teachers per grade level. Intervention and control students’ 

performance was measured by percentage of correctly answered items.  

Instrumentation (Surveys) 

The electronic surveys were administered pre- and post- trial and were embedded in 

the intervention. That is, the embedded component of the experiment was administered 

during week 2 of the intervention. Each survey was administered to both the control and 

intervention groups at Schools A and B.  

The researcher-adapted items from Wells (2012) attitudes assessment, Reed et al.’s 

(2010) Previous Day Physical Activity Recall (PDPAR), and Silverstein’s (2002) the Science 



68  

 

Work Experiment for Teachers survey instrument to develop a series of semi-structured, 

electronic survey instruments that included open-ended and Likert-type items (See 

Appendices H-J). A brief description of the unmodified instruments and a rationale for 

modification and adaptation of the instruments are as follows: 

Wells (2012) developed a 5-item series of Likert-type statements (scale 1-5) for 

middle grades English Language Arts (ELA) students. These items prompted students to 

respond with regard to their level of enjoyment and interest in ELA class. The researcher 

modified two of these items for use in mathematics class. Because these items have been 

used to assess middle grades students’ enjoyment, and the verbiage is suitable for this age 

group, the researcher incorporated elements of the instrument into the series of electronic 

semi-structured and Likert-type surveys. The PDPAR, a self-report instrument, “was used to 

access the perceptions of the physical activity of the children in both the experimental and 

control groups” (Reed et al., 2006, p. 345). The PDPAR was designed to assess students’ 

physical activity that occurs after school hours. It consists of a series of seventeen, 30-minute 

blocks in which students log their physical activity using codes that are provided in the 

instrument. Children can choose from 35 activities. Some of these activities, in conjunction 

with Take 10 activities, were adapted by the researcher to develop the Take 5 activities (see 

Appendix F). Because the PDPAR is a self-report instrument and is useful in evaluating 

students’ perceptions of physical activity that occurred during the previous day, the rationale 

for the use of its adaptation is that it is (a) suitable for students’ self-reporting in the form of 

electronic surveys, and (b) useful in accessing students’ feeling pursuant to physical activity 

that has already transpired.  
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Finally, the Science Work Experiment for Teachers survey instrument was designed 

to evaluate students’ feelings about mathematics instruction and anxiety toward mathematics 

(Silverstein, 2002). The 17-item survey was administered pre- and post- intervention to 

identify any changes in students’ attitudes toward mathematics and/or science (Frazier, 2001; 

Silverstein, 2002; Sloane & Young, 1996). This instrument provided a useful template for 

designing the survey questions because it is applicable to individual and collective analysis. 

The included instruments (Appendices H-J) included questions related to the participants’ (a) 

views of mathematics in general, (b) feelings about the classroom interactions and 

environment prior to, during, and post intervention, (c) physical activity outside of school, 

and (d) emotional, physical, or mental changes during the 17-week time period that were 

derived from the said resources.  

Data Analysis 

 I employed the same type of data analysis for each form of quantitative data. I used 

Microsoft Excel to organize quantitative data and to compute descriptive statistics; SAS was 

used to perform statistical analyses. Descriptive statistics were calculated for each category. 

These statistics helped to describe the data and to determine the overall distribution of the 

data. This study used (a) repeated measures of analysis of covariance (ANCOVA) to control 

for the influence(s) of covariates, if any, on the students’ course averages and test scores; (b) 

tests for normality of samples for students’ aggregate scores on multiphase survey data; and 

(c) multivariate analysis of variance (MANOVA) to analyze differences, over time, in 

students’ survey responses. Table 3. 2 provides an overview of the research questions and 

corresponding data analyses.  
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Table 3.2  

Overview of Data Analyses 

 

Research 

Question 

  Data Sources   
Analyses Methods 

       

RQ1   Assessments (pre- and post-intervention) 

Course Averages (pre- and post-

intervention) 

 

  ANOVA 

ANCOVA 

RQ2   Students’ Survey Data (pre-, mid-, and 

post-intervention) 

  MANOVA 

General Qualitative 

Comparison 

 

RQ3   Teachers’ Survey Data 

Interview with Selected Teacher 

Teacher Fidelity Logs 

Field Notes 

Informal Classroom Observations and 

Conversations with Intervention Teachers 

  General Qualitative 

Comparison 

 

 

Initially, the nested repeated measures ANOVA was used to analyze data from the 

formative assessments (i.e., district common exams) and course averages across each site 

assessment (post-intervention) per grade level. This analysis uncovered the need for the 

nested, repeated measures ANCOVA (used interchangeably with ANCOVA in this paper) to 

accommodate for covariates. ANCOVA was used to examine the differences in students’ 

performance means on district common assessments and course averages. A brief description 

follows. 

The nested, repeated measures ANCOVA was used to determine the overall mean for 

categorical, independent variables and continuous, dependent variables. In addition, the test 

allowed for the comparison of mean differences between the same groups of students, which 

(a) were measured multiple times, and (b) had two factors of analysis. Two outcomes (district 

common exam scores, course means) were measured twice during the study. One outcome 
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(students’ attitudes) was measured three times during the study. As such, the interval, 

independent variable was calendar time measured at the first and second quarters of the 

academic year. The ratio, dependent variable was the students’ performance on the exams 

and course averages. This more powerful statistical test allows for the investigation of the 

effects of quantitative covariates. This test was performed after data analysis indicated 

uneven baseline data (i.e., district common exams and pre-intervention course means) 

between Schools A and B. Thus, ANCOVA was used to account for the presence and 

influence of pre-intervention means from the district common exams and the course means as 

covariates on the dependent variable. The ANCOVA F-test statistic revealed whether average 

post-intervention (district common exams) scores, adjusted for differences on covariates, 

differed across the following factors: baseline scores, school, grade, and class (i.e., there are 

two different classes of students for each grade level). The repeated measures ANCOVA 

tested the null hypothesis that the mean of each group was equal. Because the repeated 

measures ANCOVA yielded statistically significant results, confidence interval testing and 

analyses of adjusted means were conducted to determine where differences occurred.  

Initially, it was assumed the students’ Likert-data satisfied the following criteria: (1) 

the sampling distribution and variance, respectively, are normally distributed and 

approximately equal; (2) the sample size, n, such that n ≥ 30; (3) the ordinal scale includes a 

minimum of five levels; and (4) there are no extreme outliers. Data was aggregated to 

determine the total score per student for each administration of the survey. Although Likert-

data are ordinal, the literature suggests using parametric testing and treating the data as 

continuous if the distribution is approximately normal (Sullivan & Artino, 2013). The 

Anderson-Darling test for normality was not rejected. Thus, for the Likert-type data of each 
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electronic survey, I used MANOVA to test differences in the means of students’ aggregate 

scores over time between Schools A and B. MANOVA measured differences in students’ 

attitudes based on the variance due to differences between and within groups of students at 

schools A and B. MANOVA tested the null hypothesis of equal group means. This test 

illuminated any differences in students’ mean aggregate scores per grade level, per school, 

and per phase.  

I used a general qualitative approach using constant comparative analysis to 

determine themes from the semi-structured survey data of the intervention teachers’ 

experiences related to implementing Take 5 and the control teachers’ perceptions of 

integrating movement into instruction (Creswell, 2013; Strauss & Corbin, 1990). Constant 

comparative analysis is “the process of taking information from data collection and 

comparing it to emerging categories” (Creswell, 2013, p. 86). I completed a three-tiered 

process to code survey data: a combination of a prior and open coding followed by axial and 

selective coding (Creswell, 2013; Strauss & Corbin, 1990). First, I used the semi-structured 

survey questions to develop a priori coding schemes. As I analyzed the data, other codes 

emerged. Therefore, I modified the existing code schemes to encompass the new findings. I 

repeated this process of organizing and refining until I developed a code family. I repeated 

the process of developing a coding, refining, and categorizing. I used the categories to 

identify themes and to develop a narrative of the teachers’ stories. In addition, after analyzing 

the teachers’ survey data, logs of fidelity, and field notes from my informal classroom 

observations of the intervention teachers’ classes that included informal conversations that I 

had with each intervention teacher, I realized the need to uncover why an intervention 
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teacher decided to integrate both purposeful and unrelated movement. Therefore, I conducted 

an interview with this teacher using a semi-structured protocol. 

Validity and Reliability 

Quantitative Data  

In order to address validity, standardized assessments from archival data were used 

with the hopes of ensuring normative implementation and accountability measures. In 

standardized assessments, “students take the same test in the same conditions at the same 

time, if possible, so results can be attributed to student performance and not to differences in 

the administration or form of the test” (Center for Public Education, 2006). For this reason, 

“the results of standardized tests can be compared across schools, districts, or states” (Center 

for Public Education, 2006). Students’ prior end-of-grade assessment data was used to 

establish the comparability of the schools. Moreover, multiple points of analysis were used to 

measure academic performance. Students’ academic performance in mathematics was 

measured by course means and assessment data collected at multiple stages of the study.   

Most compellingly, I solicited the assistance of experts in the field of statistics and 

mathematics education to review the instruments, methods, and analyses prior to 

implementing the study. The Take 5 study benefited from input from the dissertation chair 

and the expert statistician on the dissertation committee. To wit, alignment between 

questions, approaches to inquiry, and statistical analyses were used to attend to validity and 

reliability.  

Qualitative Data  

 This study used the following strategies for validation and reliability: trustworthiness, 

prolonged engagement, and triangulation (Creswell, 2013). I have been in the field, worked 
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with the teachers and students, and have developed trust with the participants in the study 

over a three-year period. This prolonged engagement cultivated trustworthiness, enriched my 

understanding of the schools, fostered rapport with the participants, and promoted candor 

during the interview and interactions with the teachers.   

The use of persistent observation and multiple data sources allowed for triangulation 

of the data. The researcher conducted three surveys for students, one survey for teachers, and 

one interview of a teacher. The researcher took field notes when conducting classroom visits 

prior to and during the intervention trial at both Schools A and B (See Appendix O). Informal 

classroom observations and teachers’ self-reports of implementation fidelity helped to 

triangulate and validate study findings (See Appendixes N-O).  

Fidelity of Implementation Logs  

Each intervention teacher submitted completed logs of fidelity. Each intervention 

teacher used unrelated classroom-based movement while only one intervention teacher 

integrated both unrelated and purposeful movement. (See Appendix N). 
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CHAPTER 4 

 Take 5 examined the effects of brain breaks in the form of short intervals of 

classroom-based physical activity on middle grades mathematics students’ academic 

performance and attitudes toward mathematics learning. The findings for this study are 

discussed in three sections within this chapter. The first section reports findings pursuant to 

Research Question 1 and its subparts: How does Take 5 (i.e., five-minute intervals of 

classroom-based physical activity) affect rural middle grades mathematics students’ 

academic performance (i.e., qualified by the following questions)? (a) Is there a statistically 

significant difference in students’ academic performance on formative assessments (i.e., 

district common assessments) between students who participate in Take 5 and those who do 

not? (b) Is there a statistically significant difference in students’ classroom performance (i.e., 

grades) between students who participate in Take 5 and those who do not? The second and 

third sections of Chapter 4, respectively, address Research Questions 2 and 3: Is there a 

statistically significant difference in students’ cognitive attitudes and academic behaviors 

between students who participate in Take 5 and those who do not? How do students’ 

cognitive attitudes and academic behaviors compare or contrast between students who 

participate in Take 5 and those who do not?; and How do teachers’ perceptions of the effects 

of movement in the mathematics classroom on students’ cognitive attitudes and academic 

behaviors compare or contrast between teachers who implement Take 5 and those who do 

not? 

The Effects of Take 5 on Students’ Academic Performance 

In the context of the Take 5 study, academic performance was assessed using multiple 

measures that included formative assessments and the average performance of students on 
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graded assignments and activities. The grade-level-specific formative assessments were the 

product of collaboration between the classroom teachers at both schools and the mathematics 

instructional coach. The formative assessments of units 1 and 2 per grade level were 

comprised of questions from the Schoolnet test bank and administered pre-intervention and 

post-intervention to the experimental and control groups. The first administration provided 

baseline data and is described as pre-test, pre-intervention assessment, test1, and baseline 

assessment interchangeably in Chapters 4 and 5 of the paper. The second administration, 

described as post-test, post-intervention assessment, and test 2, provided data at the 

conclusion of the Take 5 intervention. Each grade level administered the same common- 

district exam. Similarly, classroom averages were computed by each teacher using the 

weights and categories that were specified by district policy. To wit, the weights and 

categories for each type of learning artifact were as follows: district common assessments-

40%, quizzes-30%, classwork-20%, and homework-10%. Classroom averages were collected 

twice during the Take 5 study. The first set of classroom averages (i.e., baseline course 

means, pre-intervention averages, avg1) provided baseline data while the latter provided 

post-intervention data (i.e., post-intervention course averages or means, test2).  

Building the Model of Analysis 

To answer Research Question 1 (RQ1) and its subparts, a nested two-way ANOVA 

test was conducted. The ANOVA tested the null hypothesis of equal pre-test means for 

Schools A and B. The ANOVA test, as shown in Table 4.1, revealed statistically significant 

evidence to reject the null hypothesis of equal group means, F(5, 272)=5.58, p<.0001. 

Moreover, there was evidence of significant differences in mean test1 scores between schools 

and within grades nested in schools. The interaction plot for Schools A and B, per grades 6-8, 
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showed the slopes of the regression lines of test1 were not equal (See Figure 4.1). In fact, the 

interaction plot indicated that mean test1 scores for the intervention school were higher for 

grades 7 and 8 than those grades at the control school. Qualitatively speaking, there was only 

a moderate difference in test1 scores for grade 6 between the schools. Therefore, it was 

concluded there were at least two different population means per grade levels and between 

Schools A and B for the pre-intervention assessment measures of academic performance and 

additional testing was warranted.  

 

Table 4.1 

Nested ANOVA of Baseline Differences in Pretests 

 

Source SS df MS F P 

Treatment group to control group 

Model 11458.66a 5 2291.73 5.58 <.0001* 

School 5295.51 1 5295.51 12.89 .0004* 

Grade(School) 5970.11 4 1492.53 3.63 .0067* 

Error 111726.46 272 410.76   

Corrected 

Total 
123185.12 277    

Note: a R squared = 0.0930;  *Significant at the p<.05 level. 
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Figure 4.1. Interaction for Pre-Intervention Assessments 

 

Similarly, the ANOVA test for equal group means of the pre-intervention course 

averages as shown in Table 4.2 revealed statistically significant evidence to reject the null 

hypothesis of equal group means, F(5, 272)=26.53, p<.0001. As evident in the ANOVA 

results for baseline test1, the analysis of baseline avg1 indicated statistically significant 

differences in the means of avg1 scores between intervention and control schools and within 

grades nested in the schools. Moreover, the interaction plot for Schools A and B, per grades 

6-8, showed the slopes of the regression lines of avg1 were not equal (See Figure 4.2). The 

slope of the regression line mapping School B to School A was relatively flat indicative of 

marginal differences; however, the coefficient terms for grades 7 and 8 appear to indicate the 
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avg1 scores for the intervention school were higher than those of the control school for the 

stated grades. Therefore, I concluded there were at least two different population means per 

grade level and between Schools A and B for the pre-intervention course averages that 

measured academic performance and additional testing was warranted.  

 

Table 4.2  

Nested ANOVA of Baseline Differences in Course Averages 

 

Source SS df MS F P 

 Treatment group to control group 

Model 23682.75a 5 4736.55 26.53 <.0001* 

School 17163.78 1 17163.78 96.15 <.0001* 

Grade(School) 7310.18 4 1827.54 10.24 <.0001* 

Error 48555.73 272 178.51   

Corrected 

Total 

72238.47 277 

 

   

Note: a R squared = 0.3278; *Significant at the p<.05 level. 
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Figure 4.2. Interaction for Pre-Intervention Course Means 

 

The next step of the analysis of the effects of Take 5 on students’ academic 

performance was to examine if differences existed in test1 and avg1 scores based on 

teachers’ years of experience. Teachers’ years of experience (ExpID) were coded as 

beginning, experienced, and veteran based on the scale: less than 3 years of experience = 

beginning (N); between 4 and 7 years of experience=experienced (E); and more than 7 years 

of experience=veteran (V); these codes were used in the ANOVA test to determine any 

significant differences.   

The ANOVA (Table 4.3) revealed that teachers’ years of experience did not have a 

statistically significant impact on students’ test1 scores, F (2, 275) = 0.88, p=0.4148. Similar 
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results were evident for the main effect of teacher’s years of experience on avg1, F (2, 275) 

=0.66, p=0.5185 (See Table 4.4.) 

 

Table 4.3  

ANOVA of Teacher Experience on Pre-Intervention Tests 

 

Source SS df MS F P 

 Treatment group to control group 

ExpID  
785.87a 2 392.93 0.88 .4148 

Error 
122399.25 275 445.09   

Corrected 

Total 

123185.12 277    

Note: a R squared = 0.0064 

 

Table 4.4  

ANOVA of Teacher Experience on Pre-Intervention Course Averages 

 

Source SS df MS F P 

 Treatment group to control group 

ExpID  344.20a 2 172.10 0.66 .5185 

Error 71894.27 275 261.43   

Corrected 

Total 

72238.47 277    

Note: a R squared = 0.0048 

 

Despite there  being no evidence of statistically significant differences in the main 

effects of teacher’ years of experience on students’ pre-intervention test scores and pre-

intervention course means, there were significant variations of these main effects on 

students’ post-intervention test scores (F(2, 275)= 13.85,p < .0001) and post-intervention 

course means (F(2, 275)= 12.57, p<.0001). Qualitatively speaking, the students’ mean 

performance on test2 and course averages post-intervention varied by almost 10 points 

between the experienced teacher’s scores and the new teachers’ scores. The veteran teachers 
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did not have higher mean scores than the experienced teacher on either measure. Conversely, 

the experienced teacher had the highest of all means of academic performance (See Figures 

4.3 and 4.4).    

 

 

Figure 4.3. Distribution of Posttest Means Based on Teacher 



83  

 

 

Figure 4.4. Distribution of Post- Course Averages Based on Teacher 

 

Average scores from the district common exams on unit 1 and the pre-intervention 

course averages for each grade level at School A revealed that School A outperformed its 

counterpart at a statistically significant level. Because there was conclusive evidence that 

baseline measures of academic performance for the intervention and control groups were 

uneven, a nested, repeated-measures analysis of covariance (ANCOVA) test was performed. 

The ANCOVA test accommodated for the baseline data by analyzing pre-intervention means 

as covariates, and a model was run for each measure of academic performance (i.e., 

formative assessment means, and course means). In the first model (Model 1.), the 

relationship between the dependent variable, test2, was examined in terms of a covariate and 
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categorical factors. The covariate was pre-intervention exam averages for both schools A and 

B. The categorical variables were as follows: school (intervention or control), grade level 

(grades 6-8), the interaction between grades controlling for schools, and the interaction 

between classes (two classes per grade per school) controlling for grades and schools. In the 

second model (Model 3.), the dependent variable, avg2, was analyzed in terms of the 

covariate, pre-intervention course means. The categorical variables were the same as those of 

Model 1. Thus, the interaction terms in both models were the interaction between grades 

controlling for schools, and the interaction between classes (two classes per grade per school) 

controlling for grades and schools. Please note the distinction between teachers’ years of 

experience and the teacher of roster. The teachers’ years of experience was labeled as ExpID, 

and the teacher of roster was labeled as teacher in Chapters 4 and 5. 

RQ1a: Formative Assessments 

Model 1. The analysis revealed the main effects of school (i.e., intervention and 

control schools) and grade level on posttest scores were statistically significant when 

controlling for class section. Likewise, there was a significant effect of grade level on post-

test scores when controlling for the same. In the model (See Table 4.5), the main effects of 

class on test2 scores were significant, F (12, 265) = 21.38, p<.0001) for each categorical 

variable (i.e., school, class, grade, interaction terms), while adjusting for test1 scores. 

Therefore, the null hypothesis was rejected to conclude that at least one regression line for a 

categorical variable has a different slope than the others. 
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Table 4.5  

ANCOVA of Test Scores (y=test2, x=test1) 

 

Source SS DF Mean 

Square 

F Value Pr > F 

Model 58753.36a  12 4896.11 21.38 <.001* 

Test1 12050.04 1 12050.04 52.61 <.0001* 

School 4194.81 1 4194.81 18.31 <.0001* 

Grade 8466.16 2 4233.08 18.48 <.0001* 

School*Grade 3135.47 2 1567.74 6.84 0.0013* 

ClassI(School*Grade) 7084.37 6 1180.73 5.15 <.0001* 

Error 60699.98 265 229.06   

Corrected Total 119453.34 277    

Note: a R squared = .4919; *Significant at the p<.05 level. 

 

Paramount to this study were any noted variations between the means of academic 

measures between the intervention and control schools on posttests. Thus, analysis of the 

least squares means revealed statistically significant differences between said performances 

(p<.0001). Confidence interval testing showed that overall test2 scores for the control school 

were approximately 4 to 12 points lower than those of the intervention school (See Appendix 

P.). Yet, the researcher is cautious to compare performance means on the school level 

because prior analyses verified interaction between grades and schools; therefore, the 

conclusions should not be drawn solely on the findings pursuant to school-based differences.   

 Due to the presence of interaction effects, additional analysis was conducted to 

identify the least squares means for the interaction between school and grade. Comparing 

grade levels per school, there were statistically significant differences for the post-test means 

of grade 7 (p<.0001) between the intervention and control schools. However, there was no 

evidence of statistically significant differences for grades 6 and 8 between Schools A and B. 

To further substantiate the findings and to quantify the mean number of points by which a 
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grade level at a school outperformed or underperformed its counterpart, confidence interval 

tests were conducted. These tests presented pairwise comparisons of the test2 scores for 

grades 6, 7, and 8 at the control school to the corresponding grades at the intervention school. 

In confidence interval testing, zero is the parameter value specified by the null hypothesis. In 

context, zero was the value that indicated no difference in means between the posttest means 

adjusting for baseline data and controlling for teacher and class. If the confidence interval 

contained zero, then there was no significant difference between mean scores. The data is 

displayed in Table 4.6, and it suggests the intervention school outperformed the control 

school on means of the post-intervention assessments by approximately 9 to 27 points for 

grade 7. There were no statistically significant differences in mean performance on test2 for 

the other grade levels.  

 

Table 4. 6 

Least Squares Means for Effect School*Grade 

 

 

i = control  

 

j = intervention 

Difference Between 

Means 

Simultaneous 95% Confidence 

Limits for LSMean(i)-LSMean(j) 

1 4 -4.671634 -13.793885 4.450618 

2 5 -17.574907 -26.590110 -8.559703 

3 6 -2.305744 -12.048904 7.437415 

Note: Grade 6 = 1 and 4; Grade 7 = 2 and 5; Grade 8 = 3 and 6 

 

A more nuanced investigation of performance differences between all classes was reported 

by the ANCOVA of model 1. Findings at the 95% level of confidence are reported in 

Appendix Q. A condensed version of the pertinent findings are displayed in Table 4.7. The 

table displays comparisons between grade level classes at each school and across school 

settings per grade and class.    
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Table 4.7  

Least Squares Means for Effects of Class(School*Grade) 

 

 

i 

 

j 

Difference Between 

Means 

Simultaneous 95% Confidence Limits 

for LSMean(i)-LSMean(j) 

1 2 -8.655413 -24.001833 6.691008 

1 7 -9.380619 -25.611038 6.849800 

1 8 -8.618061 -23.276755 6.040633 

2 7 -0.725206 -16.020283 14.569870 

2 8 0.037351 -14.197057 14.271760 

3 4 -0.040531 -14.478696 14.397635 

3 9 -29.144931 -43.952326 -14.337535 

3 10 -6.045414 -20.466977 8.376150 

4 9 -29.104400 -44.158628 -14.050172 

4 10 -6.004883 -20.415122 8.405356 

5 6 1.510481 -12.825621 15.846583 

5 11 4.338006 -10.084367 18.760378 

5 12 -7.439013 -23.298374 8.420347 

6 11 2.827524 -12.397416 18.052464 

6 12 -8.949495 -26.332675 8.433686 

7 8 0.762558 -14.733549 16.258664 

9 10 23.099517 8.129787 38.069247 

11 12 -11.777019 -28.715980 5.161942 

Note: i= control school; j= intervention school 

 

Note there were statistically significant differences in mean performance on test2 for 

three pairs of classes: classes 3 (i.e., School B, 7th Grade, Class 1) and 9 (i.e., School A, 7th 

Grade, Class 1); classes 4 (i.e., School B, 7th Grade, Class 2) and 9. Likewise, classes 9 and 

10 (i.e., School A, Class2) at the intervention school showed significant differences in the 

mean performance on assessment measures. Thus, it was concluded that mean performance 

on the posttest for Class 9 at the intervention school was significantly higher than both 

classes (3 and 4) at the control school for grade 7 (i.e., approximately 14 to 44 points higher). 
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Similarly, there were significant differences among the 7th grade students’ mean performance 

on test2 at the intervention school. Class 9 outperformed its sister class (Class 10) by 

approximately 8 to 38 mean points.  

In summary, although the data indicated the intervention school outperformed the 

control school on measures of formative assessments (p<.0001) by roughly 4 to 12 points 

(See Appendix P), the evidence of interaction between grade and school caution the 

researcher against drawing conclusions based on school-level analysis of test scores. Thus, 

analysis of the findings pursuant to RQ1a. must be verified at the class level. The class effect 

was statistically significant in the variation between mean test2 scores, controlling for test1 

scores, between two sets of grade 7 classes at Schools A and B and within the intervention 

school for grade 7. Because there was no significant difference based on teacher on post-test 

means when controlling for school and grade, the teacher effect was removed from the model 

in the analysis of RQ1b.   

RQ1b: Average Class Grades 

Model 3. Model 3 had the same categorical variables as did the first model (refer to p. 

76) and assigned pre-intervention course averages as a covariate. ANCOVA tested the null 

hypothesis that the slopes (or coefficients) of each term of the categorical variables (i.e., 

school, grade level, school controlling for grade, the class effect), were equal to zero. Testing 

revealed statistically significant differences in means (See Table 4.8). The main effects of 

school (i.e., intervention, control) and grade level on post-intervention course means were 

statistically significant when controlling for avg1, F (12, 265) =45.89, p<.0001. Therefore, 

the null hypothesis was rejected. It was concluded that there was at least one non-zero 

(unequal) slope.  
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Table 4.8  

ANCOVA of Course Averages (y=avg2, x=avg1) 

 

Source Type III 

SS 

DF Mean 

Square 

F Value Pr > F 

Model 53078.60a 12 4423.22 45.89 <.0001* 

Avg1 14806.56 1 14806.56 153.60 <.0001 

School 3158.54 1 3158.53547 32.77 <.0001 

Grade 3361.35 2 1680.67616 17.44 <.0001 

School*Grade 844.29 2 422.14529 4.38 0.0135 

ClassI(School*Grade) 2768.88 6 461.47931 4.79 0.0001 

Error 25544.67 265 96.39   

Corrected Total 78623.27 277    

Note: a R squared = .6751; Significant at the p<.05 level. 

 

 As aforementioned, this study was interested in the findings at the school level. 

Therefore, confidence interval testing and the resulting differences in means of least squares 

revealed evidence of significant differences in performance on post-intervention course 

averages between the control and intervention schools (See Appendix S). On average, post-

intervention course means at the control school were roughly 5 to 10 points lower than the 

intervention school. Yet, because of the evidence of interaction, it was incumbent upon the 

researcher to identify in which grades and classes the differences in means occurred.  

Further analysis revealed significant differences in avg2 means for grades 6 and 7, but 

no significant differences in performance means for grade 8 on the post-intervention averages 

between Schools A and B. Grade 6 students in the control school scored, on average, 2 to 14 

points lower than their counterparts at the intervention school. Likewise, grade 7 students in 

the control school scored, on average, 6 to 19 points lower than their peers at the intervention 

school (Refer to Appendix T.). Additional analysis was done to determine within which 

classes of grades the differences occurred. Confidence intervals at the 95% level of 
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confidence were used for comparison between School A and B per class and grade level. The 

findings for grade level classes are displayed in Table 4.9 as follows:  

 

Table 4.9  

Least Squares Means of Course Avg2 for Effect Class Controlling for School, Grade, 

Teacher 

Least Squares Means for Effect Class(Scho*Grad*Teac) 

i j Difference 
Between Means 

Simultaneous 95% CI Limits for 
LSMean(i)-LSMean(j) 

1 2 -10.356393 -19.904608 -0.808178 

1 7 -12.523431 -22.995466 -2.051396 

1 8 -14.422542 -23.899436 -4.945647 

2 7 -2.167038 -12.020425 7.686348 

2 8 -4.066149 -13.117266 4.984968 

2 9 -0.728781 -9.874253 8.416691 

3 4 -2.604817 -11.973445 6.763812 

3 9 -17.624960 -27.657596 -7.592324 

3 10 -9.899557 -19.417553 -0.381561 

4 9 -15.020144 -25.306390 -4.733897 

4 10 -7.294740 -16.956477 2.366996 

5 6 1.615016 -7.536090 10.766122 

5 11 1.943899 -7.815669 11.703467 

5 12 -7.911440 -18.870203 3.047323 

6 11 0.328883 -10.108159 10.765925 

6 12 -9.526456 -21.223079 2.170167 

7 8 -1.899110 -11.947604 8.149383 

9 10 7.725403 -1.801467 17.252273 

11 12 -9.855339 -20.565787 0.855109 

Note: i= control school; j= intervention school 

 

Again, the null value of zero in the 95% confidence interval indicates a non-

significant main effect. In context, zero is the value that represents no difference in means 

between the post-intervention course averages (avg2) means adjusting for baseline data and 
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controlling for teacher and class. If the confidence interval contains zero, then there is no 

significant difference between mean scores. Based on the table of 95% confidence intervals 

for avg2, there were statistically significant differences between the mean scores for the 

following six pairs of classes: 1( i.e., School B, Grade 6, Class 1) and 2 (i.e., School B, Grade 

6, Class 2); 1 and 7 (i.e., School A, Grade 6, Class 1); 1 and 8 (School A, Grade 6, Class 2); 3 

(i.e., School B, Grade 7, Class 1) and 9 (i.e., School A, Grade 7, Class 1); classes 3 and 10 

(i.e., School A, Grade 7, Class 2); and 4 (i.e., School B, Grade 7, Class 2) and 9.  

Grade 6. Class 2 at the control school outperformed its sister class by roughly 1 to 20 

points. Conversely, Class 1 at the control school underperformed its counterpart at the 

intervention school by approximately 2 to 23 points. Class 8 at the intervention school for 

grade 6 outperformed Class 1 at the control school by almost 5 to 24 points.  

Grade 7. Likewise, grade 7 students showed significant differences on post-

intervention course means. Both classes of 7th grade students at the control school were 

outperformed by Class 9 at the intervention school by about 4 to 27 points. In addition, class 

10 at the intervention school outperformed Class 3 at the control school by 0.4 to 19 points.  

The Effects of Take 5 on Students’ Attitudes 

A series of Likert-scale electronic surveys were used to address Research Question 2 

(RQ2): Is there a statistically significant difference in students’ cognitive attitudes and 

academic behaviors between students who participate in Take 5 and those who do not? How 

do students’ cognitive attitudes and academic behaviors compare or contrast between 

students who participate in Take 5 and those who do not? Survey data was coded to identify 

categories and to compile aggregate scores. The following sections describe (a) the coding 

and aggregation processes and (b) the findings.   
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Coding Students’ Electronic Survey Data   

In general, students’ aggregate scores on the electronic surveys conveyed their 

perceptions of physical activity to include content-related movement and their attitudes 

toward mathematics learning categorized as either cognitive skills or cognitive attitudes and 

academic behaviors. To code the survey data, I used the existing Likert-scale to convert the 

responses in the Google form to the corresponding number on the scale. Then, I reverse 

coded the scores for questions two and four (i.e., I sit a lot in math class; I daydream often in 

math class.). These items were reverse coded because a response of 1=strongly disagree 

would correspond to a positive rather than negative point-of-view within the context of this 

study. Therefore, the scale score for items two and four were reversed (i.e., 1s were replaced 

with 5s and 4s were replaced with 2s). Thereby, aggregate scores in the higher range 

indicated a more positive perspective of students’ attitudes and behaviors pursuant to 

mathematics.  

Students’ Aggregate Scores. 

For each administration of the students’ survey, 35 points were the maximum 

possible. With input from an expert in the field of statistics, codes were further refined by 

aggregate scores as follows: 35-25 (high or favorable attitude toward math), 24-15 (medium 

or neutral opinion), 14-0 (low opinion). The variation in the range of intervals is appropriate 

because the continuous values of 0 to 6 have no meaning in the context of this study. The 

lowest possible survey response per student was 7. The class effect was removed from data 

analysis of students’ aggregate scores for several key reasons: (a) Because prior analysis of 

students’ academic performance measures indicated no statistically significant differences 

between classes per teacher, with the exception of grade 7 at the intervention school, analysis 
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of students’ aggregate scores were reported per grade; (b) Grade 7 was the only grade in 

which statistically significant differences in means were present for both measures of 

academic performance; and (c) repeated measures ANOVA of students’ survey data for 

aggregate scores revealed that class was of no significance on the effects of grade and school 

(p = .4577). Thus, the data were collapsed.  

The Anderson-Darling Test for normality tested the null hypothesis of normal 

distribution (Filliben & Heckert, 2012) of mean aggregate scores per phase of the study. In 

this test, the p-value represented the probability of getting a more extreme output if the null 

hypothesis, of normality, were true. Mean aggregate scores for the pre-intervention, mid-

intervention, and post-intervention phases of Take 5 are referred to as AGS1, AGS2, and 

AGS3 in the model. The p-values for AGS1, AGS2, and AGS3 were p =.053, p =.075, and p 

= .061, respectively. Therefore, p > .05 for each mean aggregate score, and the null 

hypothesis of normal distribution was not rejected. Students’ aggregate scores for each phase 

of the study, in the absence of the class effect, were treated as normally distributed based on 

the results of the Anderson-Darling Tests of normality (See Appendix V). 

Subsequent analysis was done to determine if students’ mean aggregate scores 

changed over time. That is, analysis was done to detect the presence of differences in mean 

aggregate scores between pre-intervention, mid-intervention, and post-intervention scores. 

Therefore, a multivariate analysis of variance (MANOVA) was conducted to determine 

differences in means between the grade level groups per school and the differences between 

these groups during each phase of the study. MANOVA tested the null hypothesis of no 

change in aggregate scores during phases of the study. The null hypothesis was rejected; test 

revealed statistically significant evidence (p=.0003) that students’ aggregate scores changed 
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over time during the multiphase trial (See Appendix U). Repeated measures ANOVA was 

used to determine any statistically significant differences between students’ mean aggregate 

scores per grade and school for each individual phase of the intervention, and the findings of 

such are discussed in the paragraphs that follow.  

Students’ Mean Aggregate Scores (Pre-intervention) 

The effects of teacher, school, and grade were statistically significant on students’ 

pre-intervention mean aggregate scores, F (2, 115) = 4.51, p = .0130. Because the interaction 

between teacher, controlling for school and grade, revealed statistically significant 

differences between students’ AGS1 between the control and intervention schools at the 

p=.0338, reject the null hypothesis of no interaction. Thus, data suggested the effect of the 

variables changed because of the interaction between the variables of teacher, school, and 

grade. (See Table 4.10).  

 

Table 4.10 

Repeated Measures Analysis of Student Survey Data, class effect removed, y= AGS1 

 

Source SS DF Mean 

Square 

F Value Pr > F 

Model 304.96a 5 60.99 4.03 0.0021* 

School 135.69 1 135.69 8.97 0.0034* 

Grade 195.39 2 97.70 6.46 0.0022* 

Teache(School*Grad

e) 

136.61 2 68.31 4.51 0.0130* 

Error 1740.14 115 15.01   

Corrected Total 2045.11 120    

Note: a R squared = .1494; * Significant at the p<.05 level.  

 

Students’ Mean Aggregate Scores (Mid-Intervention) 

The effects of teacher, as shown in Table 4.11, on mid-intervention mean aggregate 

scores, controlling for school and grade did not present statistically significant differences 
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between students’ AGS2 between the control and intervention schools, F(2, 115)= 2.29, 

p=.1059 while controlling for grade with no class effect. 

 

Table 4.11 

Repeated Measures Analysis of Student Survey Data, class effect removed, y= AGS2 

 

Source SS DF Mean 

Square 

F Value Pr > F 

Model 271.30 a 5 54.26 2.98 0.0145* 

School 150.27 1 150.27 8.24 0.0049* 

Grade 22.21 2 11.10 0.61 0.5455 

Teache(School*Grad

e) 

83.47 2 41.73 2.29 0.1059 

Error 2095.99 115 17.67   

Corrected Total 2367.29 120    

Note: a R squared = .1146; * Significant at the p<.05 level.  

 

Students’ Mean Aggregate Scores (Post-Intervention) 

The effects of teacher on post-intervention mean aggregate scores revealed 

statistically significant differences between students’ AGS3 between the control and 

intervention schools, F(2, 115)=3.92, p=.0225 while controlling for grade and school and the 

class effect removed. See Table 4.12 below. 

 

Table 4.12 

Repeated Measures Analysis of Student Survey Data, class effect removed, y= AGS3 

 

Source SS DF Mean 

Square 

F Value Pr > F 

Model 675.05a 5 135.01 7.67 <.0001* 

School 548.57 1 548.57 31.16 <.0001* 

Grade 240.00 2 120.00 6.82 0.0016* 

Teache(School*Grad

e) 

138.10 2 69.05 3.92 0.0225* 

Error 2024.74 115 17.61   

Corrected Total 2699.79 120    

Note: a R squared = .2500; * Significant at the p<.05 level.  
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A final repeated measures ANOVA with the class effect removed was conducted to 

determine the specific grade levels and schools within which significant differences in 

overall aggregate scores occurred over time. Although there was evidence of interaction from 

grade (p<.0001) and school (p=.0082), the emphasis of the study was to detect any 

differences between schools. Therefore, a least squares mean tested the null hypothesis of 

equal mean aggregate scores for each phase of the study between schools. The p-values for 

differences in least squares means were p=.0035, p= .0045, and p<.0001 for the pre-, mid-, 

and post-intervention phases of Take 5. More specifically, the mean pre-intervention and 

mid-intervention aggregate scores per student at the control school were approximately 1 to 4 

points lower than those of the intervention students. Similarly, the mean post-intervention 

aggregate scores per student at the control school were roughly 3 to 7 points lower than the 

corresponding scores at the intervention site.  

Grade Level Analysis of Students’ Aggregate Scores 

 Grade 6. There were not statistically significant differences between the intervention 

and control students’ aggregate pre-intervention scores (p=.9933), mid-intervention scores 

(p=.9544), or post-intervention scores (p=.7049).  

 Grade 7. There were statistically significant differences between the intervention and 

control students’ aggregate pre-intervention scores (p=.0356). The intervention students’ pre-

intervention mean aggregate scores were about 0.2 to 10 points higher than those of the 

control students. There were not statistically significant differences between the intervention 

and control students’ aggregate mid-intervention scores (p=.9523). Finally, there were 

statistically significant differences between the intervention and control students’ aggregate 
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post-intervention scores (p=.0029). The intervention students’ post-intervention aggregate 

scores were about 2 to 13 points higher than those of the control students.  

 Grade 8. There were not statistically significant differences between the intervention 

and control students’ aggregate pre-intervention scores (p=.3032). Yet, there were 

statistically significant differences between the intervention and control students’ aggregate 

mid-intervention scores (p=.0073) and post-intervention scores (p = .0008). The intervention 

students’ mid-aggregate means were about 0.9 to 9 points higher than those of the control 

students while their post-intervention means were roughly 2 to 10 points higher than those of 

the control students.  

Comparing Students’ Cognitive Attitudes and Academic Behaviors 

In an effort to characterize students’ self-reported measures of cognitive attitudes and 

academic behaviors, findings from the literature (e.g., Rasberry et al., 2011) were used to 

develop a code tree for the students’ survey questions. Cognitive skills include cognitive 

abilities (e.g., cognitive functioning, attention, memory, comprehension, and processing), and 

cognitive attitudes, which are perceptions that influence academic performance such as 

students’ motivation or self-awareness (Dinkel et al., 2017; Rasberry et al., 2011; Sibley & 

Etnier, 2003). Academic behaviors are behaviors that directly and indirectly affect the 

academic performance of students (e.g., time-on-task behavior, attendance, self-control, 

motivation) (Erwin et al., 2012; Rasberry et al., 2011; Reed et al., 2010). Using these 

definitions, the survey questions were coded into two categories with an additional category 

for responses of movement in mathematics class. The use of a singular category for cognitive 

attitudes and academic behaviors remedied the overlap between the measures of cognitive 
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attitudes and academic behaviors as described in the literature (e.g., Rasberry et al., 2011). It 

is, again, noted that questions 2 and 4 were reverse coded on the Likert-scale before analysis.  

 

 

 

 

 

 

 

Figure 4.5. Code Tree for Students’ Survey Data 

 

Grade 6. Pre- to post- comparisons of average Likert-scale ratings for students’ 

cognitive skills for per school decreased by 0.14 and 0.21 points, respectively, for Schools A 

(intervention) and B (control). Pre- to post- intervention comparisons of intervention 

students’ average enjoyment increased by 0.14 points, while the control students’ average 

enjoyment remained unchanged. Similarly, the intervention students reported gains in the 

levels of classroom-based physical activity, increasing by 0.54 while their counterparts 

reported an average decline of 0.36. Generally, intervention students (School A) in grade 6 

reported feelings of higher ability to pay attention, greater enjoyment, and greater ability to 

recall course content when compared to the grade 6 students in the control group (School B). 

Refer to Figure 4.6. Based on this evidence, it is possible that students’ levels of enjoyment 

in mathematics class were related to their increased levels of movement. Further 

investigation is needed into the effects of classroom-based physical activity on the cognitive 

attitude of enjoyment and its related academic behavior of motivation. 

Cognitive skills Cognitive attitudes and 

Academic Behaviors 

Activity Level in Class 

Q4: I daydream often 

in math class. 

Q1: I enjoy math class. Q2: I sit a lot in math 

class. 

Q5: I am able to 

remember what I learn 

in math class. 

Q7: Math class is fun. Q3: I move around the 

classroom in math class.  

Q6: I pay attention in 

math class.  
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Figure 4.6. Grade 6 Mean Response per Category on Pre-, Mid-, and Post- Surveys 

 

 

Grade 7. Overall, the average responses per question on the Likert-scaled electronic 

survey for grade 7 revealed that students at both schools experienced higher levels of 

attentiveness, enjoyment, and physical activity in mathematics class during the Take 5 

intervention weeks (mid-intervention). A comparison of pre- and post-intervention responses 

for both the intervention and control groups showed students’ self-reported waning of the 

ability to pay attention during instruction and their motivation for mathematics learning. 

Similar declines pursuant to classroom-based physical activity were reported. Refer to Figure 

4.7.  

Pre Mid Post Pre Mid Post

School A School B

Average Response of Cognitive Skills 4.01 3.87 3.87 3.51 3.94 3.3

Average Response of Cognitive
Attitudes and Academic Behaviors

3.98 3.99 4.12 3.98 4.04 3.98

Average Response of Physical Activity 1.75 2.34 2.29 2.52 1.72 2.16
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Figure 4.7. Grade 7 Mean Response per Category on Pre-, Mid-, and Post- Surveys 

 

 

Grade 8. Generally, throughout the Take 5 study, intervention students in grade 8 

experienced the highest levels of movement and less sedentary instructional time mid-

intervention and reported a 0.03 point pre- to post- intervention increase in levels of physical 

activity. Students in School A reported the highest levels of attentiveness, memory 

functioning, and enjoyment of mathematics post-intervention (See Figure 4.8). Nevertheless, 

like their counterparts, intervention students conveyed overall declines in their opinions of 

mathematics class in each category of the Likert-data, except movement, on pre- and post-

intervention response means. Pre- to post-intervention differences for the intervention school 

were 0.22 and 0.87 for the categories of (a) cognitive skills and (b) cognitive attitudes and 

academic behaviors, respectively. Similarly, pre- to post-intervention differences in the 

control school were 0.06 and 0.60 in the same categories. Therefore, it may be concluded that 

Pre Mid Post Pre Mid Post

School A School B

Average Response of Cognitive Skills 3.94 3.79 3.72 3.04 3.13 2.98

Average Response of Cognitive
Attitudes and Academic Behaviors

3.41 3.69 2.54 2.55 2.55 1.95

Average Response of Physical Activity 1.98 2.28 2.28 1.88 2.53 1.85
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the intervention students in grade 8 experienced greater declines in academic behaviors and 

cognitive attitudes than grade 8 students at the control school.  

 

 

Figure 4.8. Grade 8 Mean Response per Category on Pre-, Mid-, and Post- Surveys 

 

 

The Effects of Take 5 on Teachers’ Perceptions and Practice 

This section of Chapter 4 addresses Research Question 3: How do teachers’ 

perceptions of the effects of movement in the mathematics classroom on students’ cognitive 

attitudes and academic behaviors compare or contrast between teachers who implement Take 

5 and those who do not? Therefore, it is important to provide a brief description of each 

teacher to orient the reader and to provide context for the discussion and implications of the 

findings that will be noted in Chapter 5.  

Pre Mid Post Pre Mid Post

School A School B

Average Response of Cognitive Skills 3.73 4.08 4.16 3.64 3.49 3.62

Average Response of Cognitive
Attitudes and Academic Behaviors

4.28 4.19 4.34 3.83 3.79 3.5

Average Response of Physical Activity 2.03 3.06 2.6 1.82 2.46 1.71
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 At the conclusion of the Take 5 trial, and after the final administration of the students’ 

survey protocol, an electronic survey was administered to control and intervention teachers. 

The survey (see Appendix K) included multiple-choice responses, open-ended items, and 

Likert-scale items. Additionally, an interview was conducted with an intervention teacher, 

post hoc, because of his use of purposeful and unrelated classroom-based physical activities. 

The interview protocol included semi-structured items. The interview was conducted after 

the administration of the survey and collection of teachers’ fidelity of implementation logs. I 

used findings from the teachers’ surveys, interview, and field notes to develop a narrative of 

the teachers’ perceptions. That is, as I coded the teachers’ Likert-scale items and analyzed the 

teachers’ responses to open-ended items, I was able to review field notes of classroom 

observations and informal conversations to discover poignant connections between teachers’ 

practice and perceptions of classroom-based physical activity in their classes. Therefore, I 

was able to use each of the qualitative data sources to portray the significance of teachers’ 

perceptions and practice on students’ academic outcomes.  

 In both schools, prior to the intervention, the classes were primarily sedentary. 

Students worked in seated positions for a substantial amount of class time. Generally, 

teachers used direct instruction and discovery-based instruction in classes. Yet, the students 

remained stationary during instruction and while collaborating with peers. Because many 

teachers arranged seating in advance of class time, students rarely even had the opportunity 

to physically transition to different learning stations or seats.  

In School A, students used a student-centered curriculum that required working in 

small groups; however, the groups and arrangements of desks were made in advance of each 

teaching episode. The students did not have to be mobile or move seats. The student-centered 
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curriculum that was being piloted in the district did not capitalize on embodied cognition, the 

use of virtual or concrete manipulatives, or movement in mathematics instruction. Rather, the 

curriculum presented a series of written tasks, guided questions, and real-world problem 

scenarios that students used to discover mathematical ideas under the direction of the teacher. 

I am privy to this information because of my role as the instructional coach and graduate 

research assistant.  

In School B, the students engaged in traditional, direct-instruction type activities at 

each grade level with the exception of grade 6. Students in grade 6 at School B worked in 

collaborative groups that had similar dynamics and structure to those of School A. The 

students in the other grade levels engaged in teacher-centered, didactic methods of 

instruction because the teachers believed this method produced great results on the high-

stakes end-of-grade assessments. Again, I am privy to this information because of my long-

term work with the teachers.  

The following paragraphs provide a brief description of the participating teachers’ 

professional practice, dispositions, and years of experience. This information proved integral 

in drawing implications from the teachers’ survey and interview responses.  

School A: The Teachers 

Grade 6. Kelsey is an experienced mathematics and science teacher. Kelsey also 

teaches the robotics enrichment class. She has taught in this county for more than a decade; 

yet, the majority of her teaching experience has been in the area of science. This is Kelsey’s 

sixth year teaching mathematics. Kelsey has developed a strong rapport with her students. 

She has excellent classroom management and lesson implementation skills. Kelsey is on the 

school’s leadership team. Because of her background in science, Kelsey was excited to serve 
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as an intervention teacher in the Take 5 study. In fact, Kelsey continued to integrate 

classroom-based physical activities into her instruction after the three-week implementation. 

Grade 7. Bryan is a veteran middle grades mathematics teacher. He has taught in this 

setting for almost 16 years. He has an orderly, yet warm classroom management style. Bryan 

implemented the new curriculum with fidelity and ensured that students engaged in daily 

discussions of the mathematics. However, Bryan did not allow for much movement in the 

classroom. He preferred his students to remain seated in cooperative groups.  

Grade 8. Aubrey is a former elementary grade teacher in the same rural district of the 

study. Longing to teach mathematics exclusively, Aubrey requested to transfer to fill a 

vacancy at School A (Intervention). This is Aubrey’s third year teaching. She is a highly 

motivated teacher. She seeks guidance from the leadership and instructional coaches in 

School A (Intervention). Aubrey initiates meetings with the 8th grade PLC on a daily basis. 

Aubrey is eager to engage the students and to try new instructional approaches. Yet, she does 

not have strong classroom management skills.    

School B: The Teachers 

Grade 6. Kelly has more than a decade of teaching experience in this county. She is a 

willing participant in the C3M project. She integrates new content material, attempts diverse 

strategies and pedagogical approaches, and readily accepts feedback. Kelly saw the value in 

implementing a conceptually-based curriculum that attended to coherence and rigor; 

therefore, Kelly implemented the new curriculum with fidelity. Kelly was eager to participate 

in the Take 5 study.  

Grade 7. Julia has a few years of teaching experience in the area of dance in a 

neighboring state; however, this is her first year teaching mathematics in this county. 
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Because she is a novice mathematics teacher, she relied heavily on her coworkers for 

direction and support in implementing the new curriculum and in refining her teaching 

practices in general. Julia was eager to participate in the Take 5 study and was disappointed 

to be assigned to the control group.  

Grade 8. Hank has 27 years of middle grades mathematics teaching experience. He 

has “been there, done that, and seen it all” in terms of curricular changes, new initiatives, and 

ideas regarding mathematics pedagogy. Hank has resolved to use direct instruction and will 

supplement his instruction with tasks from the new curriculum. He is resolute in his beliefs 

regarding mathematics teaching and learning. Moreover, Hank has resolved to “only teach 

those that wanted to learn.”  

Teachers’ Mean Aggregate Scores 

The total possible points for the Likert-portion of the teachers’ survey was 35 points. 

Codes were further refined by aggregate scores as follows: 35-25 (high or favorable 

perception of the effects of integrating movement into mathematics instruction), 24-15 

(medium or neutral perception), 14-0 (low perception). Because the Likert-data was discrete, 

and its means were continuous, I rounded to the nearest whole-number value and identified 

this value within the specified intervals to characterize teacher’s perceptions. At School A, 

the teachers’ mean aggregate score was 25.7. This indicated that intervention teachers had a 

favorable perception of the effects of classroom-based movement on their students. At 

School B, the teachers’ mean aggregate score was 24.33. Therefore, while the teachers at this 

school held a neutral perception of the same, their perceptions were notably close to 

favorable.   
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Coding Teachers’ Survey Data 

The findings from literature (e.g., Rasberry et al., 2011) were used to further refine 

the findings pursuant to teachers’ perceptions by categorizing question stems from the Likert-

scale items in the teachers’ survey instrument. Teachers’ perceptions of the effects of 

classroom-based physical activity on students’ were viewed through the lens of cognitive 

skills (e.g., cognitive functioning, attention, memory, comprehension, and processing), 

cognitive attitudes (e.g.,  perceptions that influence academic performance, students’ 

motivation, students’ self-awareness ) (Dinkel et al., 2017; Rasberry et al., 2011; Sibley & 

Etnier, 2003), and academic behaviors (e.g., time-on-task behavior, attendance, self-control, 

motivation) (Erwin et al., 2012; Rasberry et al., 2011; Reed et al., 2010). Teachers’ feelings 

of efficacy for integrating physical activity were characterized by their expressed and 

perceived levels of comfort with integrating said activity and various impediments to doing 

so. Finally, teachers’ actions related to classroom-based physical activity center on teachers’ 

motivation for implementing classroom-based physical activity and the long-term 

sustainability of such pedagogical enactments. Using this rationale, the survey questions 

were coded into three code families. The code families allowed for the comparison of 

teachers’ aggregate score by category and per school context and are displayed in Figure 4.9.  
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Teachers’ Perceptions 

of the Effects of 

Classroom-based 

Physical Activity on 

Students 

Teachers’ Feelings of 

Efficacy in Integrating 

Physical Activity 

Teachers’ Actions related 

to Classroom-based 

Physical Activity 

Q7: I see the benefit of 

classroom-based PA to 

my students. 

Q6: I am comfortable 

integrating PA into math 

instruction. 

Q11: I only integrated PA 

breaks because of the Take 

5 study. 

Q8: My students are 

able to pay better 

attention after 

participating in PA.  

Q10: I normally do not use 

PA breaks with my classes 

of students. 

Q12: I will continue to use 

PA breaks with my 

students. 

Q9: I notice behavioral 

changes in my students 

after their participation 

in PA. 

  

 

Figure 4.9. Code Tree for Teachers’ Survey Data 

 

Teachers’ Perceptions of the Effects of Classroom-based Physical Activity on Students 

 Based on the code tree for teachers’ survey data, teachers’ mean response per code 

family and teachers’ corresponding responses to the open-ended and multiple-choice items 

on the survey instrument are interpreted and described in the following sections. The Likert-

scale for responses to the teachers’ survey was as follows: 1= strongly disagree, 2= disagree, 

….5= strongly agree. Again, because the scale represented discrete data, it was necessary to 

consider the implications of the responses on a continuous scale. Mean responses ranging 

from 1-2 indicated a low perception of the effect of classroom-based physical activity on 

students at the conclusion of the Take 5 study. Likewise, mean responses ranging from 2-4 

indicated a neutral perception; those ranging from 4-5 indicated a favorable perception. A 

similar continuum was used to describe the findings for each category in the code tree (See 

Figure 4.7). The results of the Likert-scale and multiple-choice items were further confirmed 

by the teachers’ responses to open-ended survey items and the researcher’s field notes. 
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 School A.   Intervention teachers agreed that classroom-based physical activity 

benefited students and seemed to increase students’ ability to pay attention during 

instruction. Intervention teachers believed that movement enhanced students’ learning of 

mathematics because it improved their ability to focus and improved classroom behavior. 

The mean response to items in this category on the survey was 4.33. Thus, teachers at school 

A held a favorable perception of the effects of classroom-based movement on students’ 

cognitive attitudes and academic behaviors.  

Moreover, the intervention teachers’ perceptions of the effects of classroom-based 

physical activity on students influenced the teachers’ pedagogical practices. Kelsey reported 

incorporating classroom-based physical activity because of its perceived benefit to students’ 

health and experienced benefit to students’ behavior and test scores. She observed that 

incorporating classroom-based physical activity improved her 6th graders’ moods. Similarly, 

Kelsey noted that participation in the physical activity improved her mood, disposition, level 

of attentiveness, and efficacy as an instructor. 

Bryan’s perceptions of and lived experiences in integrating movement into 

mathematics instruction also informed his practice. Bryan described the benefits of content-

related movement to students’ behaviors. He noticed that students in a particular class were 

more on-task after engaging in content-related movement. Therefore, he used content-related 

movement for an extended period of the intervention trial. Likewise, Aubrey noted the 

influence of movement on students’ behaviors. Aubrey observed that students were more 

rambunctious after engaging in unrelated movement. Yet, she continued to integrate this type 

of movement throughout the intervention trial.  
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 School B. Control teachers were neutral in their perceptions of the benefits and 

effects of classroom-based physical activity on students’ cognitive attitudes and academic 

behaviors. The mean response to items in this category on the survey was 3.56. The control 

teachers speculated that movement would benefit students’ health and academic performance 

but were uncertain about the depth of this benefit.  

Teachers’ Feelings of Efficacy in Integrating Physical Activity 

Mean responses ranging from 1-2 indicated low feelings of efficacy in integrating 

classroom-based movement on students at the conclusion of the Take 5 study. Likewise, 

mean responses ranging from 2-4 indicated a neutral feelings or uncertainty; those ranging 

from 4-5 indicated that teachers felt very efficacious in integrating said activities.  

 School A (Intervention).  The teachers’ mean response to feelings of efficacy in 

integrating movement into mathematics instruction was 3.17. This indicated neutral feelings 

of efficacy. Although intervention teachers, unanimously, realized the utility and benefits of 

integrating physical activity into mathematics instruction in their classes, there was a lack of 

consensus regarding teachers’ feelings of efficacy in facilitating said activities. Bryan and 

Aubrey were uncomfortable with integrating classroom-based physical activity into 

mathematics instruction and did not normally use such activities with students. This aversion 

to integrating activity was rooted in the belief that students would not be able to handle the 

movement due to social interactions, misbehavior, and immaturity.  

Teachers’ uncertain feelings of self-efficacy in integrating classroom-based physical 

activity were perpetuated by barriers to implementation. All intervention teachers 

experienced barriers to integrating Take 5. These barriers were students’ noncompliance and 

disinterest, time constraints, and scheduled testing that precluded instructional time. Aubrey 
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noted that students were unable to navigate interpersonal differences once movement began. 

 School B (Control).  The control teachers had a higher mean response than the 

intervention teachers pursuant to feelings of efficacy in integrating classroom-based physical 

activity, although both means were neutral. The control teachers’ mean response in this 

category was 3.67.  

Teachers’ Actions related to Classroom-based Physical Activity 

 School A (Intervention). Intervention teachers reported neutral actions related to 

implementing classroom-based physical activity under normal circumstances and within the 

context of the Take 5 study. The teachers’ mean response to survey items in this category 

was 3.17. Yet, the intervention teachers’ responses to the semi-structured survey items 

conveyed the following: under normal circumstances, the intervention teachers reported 

integrating one physical activity break into their daily instruction, per instructional period, on 

an average of 3.67 days per school week. Their reasons for integrating and types of school-

based physical activity, typically and in conjunction with the Take 5 initiative, varied. Kelsey 

and Aubrey integrated unrelated classroom-based physical activity during the trial and on a 

typical basis; while Bryan integrated unrelated and content-related (purposeful) classroom-

based physical activity because of the Take 5 protocol. Each teacher reported use of the 

school-wide recess break after lunchtime.  

Intervention teachers reported using physical activity as brain breaks for the entire 3-

week intervention. These teachers described reasons for using classroom-based physical 

activity breaks as follows: benefits to students’ learning, behavior, and health or obligatory 

compliance to the Take 5 protocol. Kelsey reported incorporating classroom-based physical 

activity because of its benefit to her efficacy as an instructor and its benefits to students’ 
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health, behavior, and test scores. Aubrey echoed Kelsey’s latter sentiments while asserting 

that classroom-based physical activity improved students’ moods. While Bryan saw the 

benefit of movement to students’ academic performance and behaviors, he reported 

obligatory use of movement during instruction. Despite the noted benefits of integrating 

classroom-based physical activity into mathematics instruction, the intervention teachers 

were neutral or not sure about their willingness to integrate classroom-based physical activity 

into future instruction.  

 School B.  The control teachers’ mean response (3.17) to the items pursuant to 

teachers’ actions was equivalent to those of the intervention teachers and revealed a neutral 

perspective. Despite noting the benefits of movement to learners’ behavior and abilities to 

pay attention, control teachers (a) did not regularly or frequently employ this strategy during 

instruction, (b) did not realize the need for incorporating movement into instruction, and (c) 

were unsure why they integrated movement into instruction. Kelly and Julia conveyed that 

they routinely integrated movement in the form of recess or unrelated physical activity into 

mathematics instruction roughly 1.67 days per school week. Note, evidence of this was not 

seen in any previous informal observation by the principal investigator or researcher, and the 

control teachers’ responses on the open-ended and multiple-choice survey items seemed to 

contradict the average number of days for which said teachers incorporated movement into 

instruction. 

Hank, the teacher with the highest aggregate score in the control group, heretofore, 

did not integrate movement despite its noted benefits and was unwilling to integrate 

movement into future instruction. Again, this speaks to the inconsistency among the control 

teachers’ perceptions and actions related to classroom-based physical activity. Hank held the 
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most favorable perception of movement among his peers and based on his aggregate score, 

yet he did not regularly use this strategy and refused to do so in the future. Julia and Kelly 

remained uncertain about implementing movement in future mathematics instruction because 

of the following concerns: getting students back on task after movement, time restraints, 

large class, size and confinements of physical classroom.  

Summary of Findings 

 In summary, the Take 5 study examined the effects of short-intervals of classroom-

based movement in rural middle grades mathematics instruction on students’ academic 

performance, cognitive skills and attitudes, and academic behaviors. Moreover, the study 

evaluated the differences in teachers’ perceptions of the benefits of movement on students 

and the pedagogical deliberation to implement classroom-based physical activity into 

instruction. Take 5 employed a mixed-methods, sequential design in which quantitative data 

was collected at multiple phases of the trial followed by qualitative data. The effects of the 

intervention were measured by several dependent variables such as students’ posttest 

averages and course means and across multiple categorical variables (i.e., school, grade level, 

and teachers’ years of experience). ANCOVA, MANOVA, and general qualitative analyses 

were performed to answer the following research questions:  

1. How does Take 5 (i.e., five-minute intervals of classroom-based physical activity) 

affect rural middle grades mathematics students’ academic performance (i.e., 

qualified by the following questions)? 

a. Is there a statistically significant difference in students’ academic performance 

on formative assessments (i.e., district common assessments) between 

students who participate in Take 5 and those who do not?  
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b. Is there a statistically significant difference in students’ classroom 

performance (i.e., grades) between students who participate in Take 5 and 

those who do not? 

2. Is there a statistically significant difference in students’ cognitive attitudes and 

academic behaviors between students who participate in Take 5 and those who do 

not? How do students’ cognitive attitudes and academic behaviors compare or 

contrast between students who participate in Take 5 and those who do not? 

3. How do teachers’ perceptions of the effects of movement in the mathematics 

classroom on students’ cognitive attitudes and academic behaviors compare or 

contrast between teachers who implement Take 5 and those who do not? 

Take 5 findings are summarized in the paragraphs that follow. 

RQ1: The main effects of school and grade on students’ posttest and post-intervention 

means, while adjusting for covariates (e.g., baseline data) were statistically significant 

controlling for teacher and class. There was evidence of interaction between school and 

grade. There was evidence of significant differences between the means of students who 

participated in Take 5 and those who did not. These differences occurred for grade 7. In 

grade 7, the intervention school outperformed the control school by approximately 14 to 44 

points.  

RQ2: There were statistically significant differences between students’ self-reported 

measures of cognitive skills, cognitive attitudes, and academic behaviors throughout each 

phase of the Take 5 study. Overall, mean aggregate scores per school were approximately 

24.19 and 21.06 for Schools A and B, respectively. Thus, students at both schools possessed 

neutral attitudes about mathematics classes. Yet, more nuanced findings were revealed by 
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analyzing the data per phase of the study.  The Wilks Test revealed that aggregate scores 

changed over time per school and grade. Additional testing revealed significant differences in 

pre-intervention and post-intervention aggregate scores between the intervention and control 

schools and for grades 6-8, holding teacher constant. Mid-intervention aggregate scores were 

only significant between the intervention and control groups, not per grade or teacher. 

Although control and intervention students alike reported fluctuating abilities to pay 

attention, varied levels of enjoyment, and vacillating episodes of movement per grade and 

school, intervention students for grades 6 and 8 consistently reported increased enjoyment 

pre-and post-intervention. Control students conveyed relatively unchanged enjoyment for 

grade 6, and enjoyment in grade 8 mathematics declined during each phase of the study.   

In grade 7, intervention students’ ability to pay attention in mathematics class peaked 

during mid-intervention while self-reported measures of cognitive skills steadily declined. 

Movement peaked mid-intervention and remained unchanged post-intervention. Conversely, 

control students’ cognitive skills and movement were highest mid-intervention while 

enjoyment declined post-intervention.  

RQ3: Unanimously, teachers at School A perceived the benefits of movement in 

mathematics class on students’ academic performance and behaviors. Yet, there was no 

consensus regarding said benefits at School B. Although control teachers perceived the 

effects of classroom-based physical activity on students in a lower regard than the 

intervention teachers (i.e., control 3.56, intervention 4.33), the control teachers indicated a 

greater level of self-efficacy in integrating physical activity into mathematics instruction 

(control 3.67, intervention 3.17). Intervention teachers did not feel very efficacious in 

integrating classroom-based physical activity into instruction. Moreover, testing, class size, 
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and classroom management issues served as actual and perceived barriers to the pedagogical 

decision to integrate movement into mathematics teaching in both school settings.   
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CHAPTER 5 

This chapter provides a commentary for the findings that were discussed in Chapter 4. 

In addition, Chapter 5 discusses implications of the Take 5 study, the limitations of the 

research findings, and avenues for potential future research. This chapter is divided into 

sections. In the first section, research findings are discussed, and the findings are organized 

by research question. In section 2, the limitations of the existing study and implications for 

future research are discussed.  

Summary of Findings 

Take 5, a quasi-experimental, embedded mixed-methods study inclusive of a 3-week 

intervention protocol, (a) examined the effects of short intervals of movement and classroom-

based physical activity on rural middle grades mathematics learners’ academic performance 

and behaviors, cognitive skills and attitudes, and self-reported measures of movement within 

the classroom setting, and (b) analyzed teachers’ perceptions of the effects of movement on 

students and teachers attitudes toward integrating movement into mathematics instruction. 

The Take 5 study addressed the following research questions:  

1. How does Take 5 (i.e., five-minute intervals of classroom-based physical activity) 

affect rural middle grades mathematics students’ academic performance (i.e., 

qualified by the following questions)? 

a. Is there a statistically significant difference in students’ academic performance 

on formative assessments (i.e., district common assessments) between 

students who participate in Take 5 and those who do not?  
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b. Is there a statistically significant difference in students’ classroom 

performance (i.e., grades) between students who participate in Take 5 and 

those who do not? 

2. Is there a statistically significant difference in students’ cognitive attitudes and 

academic behaviors between students who participate in Take 5 and those who do 

not? How do students’ cognitive attitudes and academic behaviors compare or 

contrast between students who participate in Take 5 and those who do not? 

3. How do teachers’ perceptions of the effects of movement in the mathematics 

classroom on students’ cognitive attitudes and academic behaviors compare or 

contrast between teachers who implement Take 5 and those who do not? 

Multiple forms of quantitative data, such as assessment scores, course means, and 

Likert-scale survey data were collected during the first and third phases of the study. 

Descriptive statistics, repeated measures analysis of covariance, and multivariate analysis of 

variance were used to analyze data in the study. At the conclusion of the intervention trial, an 

electronic survey comprised of both semi-structured, multiple choice, and Likert-type items 

was administered to the teachers who participated in the study to portray a more in-depth 

depiction of the effects of the intervention on participants. A brief interview was given to one 

intervention teacher based on the teacher’s responses to the survey protocol.  

In brief, data analyses indicated statistically significant differences between the main 

effects of school and grade, controlling for teacher and class on students’ mean test scores 

and course averages. Therefore, there were significant differences between the academic 

performance of students who participated in Take 5 and those who did not based on 

assignment to control or experimental groups and by grade level. Similar findings were 
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exhibited by analyses of students’ survey data. To wit, there were statistically significant 

differences on students’ mean responses, over time, to Likert-scale items constructed to 

measure their attentiveness, enjoyment, and levels of physical activity in mathematics. 

Analysis revealed no significant differences between classes per grade. Thus, data were 

collapsed and the effects of time, school, and grade on these cognitive attitudes and academic 

behaviors were further analyzed. Ultimately, during each phase of the study, there were 

significant differences between intervention and control students’ self-reported measures of 

attentiveness, enjoyment, and movement in mathematics. These differences were evident in 

grade level analysis of data as well. Intervention students reported more favorable attitudes 

toward mathematics than their counterparts did. These sentiments were echoed by teachers. 

Intervention teachers had a favorable perception of the effects of classroom-based movement 

on their students than the control teachers. The barriers that intervention teachers experienced 

when implementing Take 5 activities were congruent to the speculative and perceived 

barriers of the control teachers. The barriers, both perceived and experienced, included 

testing, classroom management, and instructional time. One intervention teacher observed 

differences in students’ academic behaviors and cognitive attitudes when integrating 

purposeful movement as opposed to unrelated movement.  

Discussion 

 The following paragraphs discuss findings of the Take 5 study and are organized by 

research questions.  

The Effects of Take 5 on Students’ Academic Performance 

The Take 5 intervention seemed to contribute to differences in students’ academic 

performance between the schools despite uneven baseline data. While statistical correlations 
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do not imply causation, findings suggest that Take 5 was related to higher academic 

performance at the intervention school in comparison to the control school. The evidence 

reveals that intervention students outperformed control students on post-intervention 

assessments and course averages at varying levels of statistical significance. Compellingly, 

this finding seems to indicate that increased classroom-based physical activity is associated 

with students’ higher achievement on multiple measures of mathematics performance and 

that this performance is more substantial than the performance of more sedentary students in 

the middle grades. Furthermore, these findings dispel the misconceptions that movement is 

inconsequential to older students and that increased classroom-based physical activity is 

detrimental to learning in the core curricula. 

While there was undeniable evidence of statistically significant differences in 

performance means between the control and intervention schools on the measure of 

formative assessment, the interplay between schools and grades substantiated the need for 

additional testing with an emphasis on the grade-level analysis of the effects of the Take 5 

intervention. Grade-level analysis of said effects revealed similarly compelling evidence of 

the benefits of increased classroom-based physical activity to middle grades learners. Grades 

6 and 7 students who participated in the Take 5 activities surpassed their peers at the control 

school in nontrivial manner. The following paragraphs describe assessment and course means 

data, the variation among schools and grades, and the related implications for further 

investigation.   

Academic Performance: Formative Assessments 

Grade 6. While it is clear that grade 6 students at the intervention school 

outperformed grade 6 students at the control school (See Appendix Q), the differences were 
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not statistically significant. Several factors could contribute to the lack of statistical 

significance pursuant to these findings. While additional investigation is needed to identify 

and to verify the contributing factors, I speculate the lack of statistical significance may be 

related to the length of the intervention trial. Extant literature that examined the effects of 

movement on middle grades English and Language Arts students suggested a longer 

intervention and analysis trial is necessary to measure outcomes (Wells, 2012). Similarly, 

other researchers suggest using a longitudinal approach to measure the effects of physical 

activity interventions on students’ academic performance (e.g., Donnelly & Lambourne, 

2011).  

Grade 7. The grade 7 students at the intervention school outperformed their 

counterparts at a statistically significant level despite the short duration of the intervention. 

This is fascinating because the intervention classes at this grade level participated in content-

related movement and unrelated movement. It is plausible that by using a combination of 

activity types, with an emphasis on purposeful movement, the grade 7 students were able to 

demonstrate higher levels of proficiency on formative assessments regardless of the short 

duration of the intervention as suggested by the 6th grade data. Moreover, the significant 

differences that existed within the grade 7 classes at School A could also be associated with 

the type of activity used.  

Bryan, the grade 7 intervention teacher, used varying combinations of purposeful and 

unrelated classroom-based movement with each of his classes. During the first week of the 

Take 5 intervention, Bryan used purposeful movement with class 9, followed by unrelated 

movement for the remainder of the intervention period. Alternatively, with class 10, he used 

purposeful movement during weeks one and two of the intervention, followed by one week 
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of unrelated movement. Mean performance on post-intervention assessments for class 9 

outperformed its corresponding class, class 10, by approximately 8 to 38 points controlling 

for pretest data. It is possible that the type of activity and duration of said activity were 

associated with the differences in test means between Bryan’s classes. This speculation is in 

concert with extant literature that suggests the duration and type of physical activity impacts 

student learning outcomes, academic performance, and behaviors.  

Research literature suggests the direction of the association between physical activity 

and academic performance in the core curricula is affected by duration and type of school-

based physical (Fedewa & Ahn, 2011; Howie & Pate, 2012; Lees & Hopkins, 2013; Rasberry 

et al., 2011; Taras, 2005). Some findings from the literature suggest that the type and 

duration of unrelated classroom-based physical activity make a difference in students’ 

performance on standardized measures of mathematics performance (Dinkel et al., 2017; 

Sibley & Etnier, 2003). In addition, Fedewa and Ahn (2011) describe several mediators that 

affect the outcomes of school-based physical activity on children’s cognition and academic 

achievement: age, grade level, and the type of the physical activities. Because the district 

common exam was a non-standardized form of assessment and the duration of each episode 

of unrelated movement in Bryan’s class fluctuated during the weeks, additional investigation 

is necessary to determine any significant effects. Moreover, because grade 7 was the only 

grade that demonstrated statistically significant differences in mean post-intervention 

assessment scores, additional investigation is needed to determine any relationships between 

students’ age, type of movement, and formative assessment measures in middle grades 

mathematics.  
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Grade 8. While the grade 8 intervention students’ mean scores on the posttest were 

higher than those of the control students, the differences were not significant. This null effect 

of Take 5 activities on grade 8 students’ performance on formative assessments could be 

associated with a plethora of factors. Perhaps the use of formative assessment measures as 

opposed to standardized or other types was problematic. Erwin et al. (2012) suggested the 

use of curriculum-based measures (CBMs) to quantify academic gains over periods of less 

than one academic year. CBMs are research-based assessments that measure the basic skills 

of reading, mathematics, and writing, proved useful in measuring students’ academic skills in 

the core curricula. These types of assessments were more sensitive to changes in students’ 

skills and proficiency in the areas of mathematics, reading, and science than other types of 

assessments.  

Academic Performance: Course Means 

There were statistically significant differences among the post-intervention course 

means for Schools A and B and across grades 6-8.  

Grade 6. The Take 5 trial is associated with significantly different post-intervention 

course means for multiple grade 6 classes. In fact, both intervention classes at this grade level 

had higher means of course averages than one grade 6 class at the control school. To wit, 

there is fascinating evidence that the intervention is related to higher performance means on 

this measure of academic performance. These findings underscore the value of using multiple 

measures to quantify academic performance. Had the additional measure of course averages 

been omitted from the study, the significant impact of the intervention on grade 6 students 

may have gone undetected. Again, I am not implying causation. Rather, I am agreeing with 

other research that emphasizes the need for varied modalities. The use of such has the 
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potential to resolve discrepancies in the research findings pursuant to classroom-based 

physical activity on students’ academic performance (Dinkel et al., 2017; Howie & Pate, 

2012). 

Furthermore, it is important to discuss the implications of Kelsey’s feelings of 

efficacy as an instructor and the benefits of movement to the quality of her instruction. 

During an informal conversation, Kelsey described how participating in the movement each 

day with her students helped her to improve her pedagogy and practice. Kelsey noticed that 

her mood, energy, and level of attentiveness increased after participating in the movement. 

Consequently, she believed that she was able to deliver mathematics instruction at an 

improved capacity and higher level. Kelsey said, “I love doing the physical activities with my 

kids. They [the classroom-based physical activities] help me. I’m more alert. I’m more in 

tune with the lesson and kids. I teach better because of moving around more.” Perhaps 

Kelsey’s self-reported measures of efficacy as an instructor had indirect on students’ 

academic performance. Moreover, perhaps this improved practice could be associated with 

students’ increased academic performance in other categories of their composite course 

averages.  

Grade 7. The findings for grade 7 are similar to those of grade 6. There were 

statistically significant differences between the means of course averages for grade 7 

intervention and control students and between the control students at the intervention site. 

Grade 7 control students underperformed both classes of intervention students. Furthermore, 

one grade 7 class outshone the other grade 7 class at the intervention school. Again, this 

speaks to the significance of activity type on mathematics learning. It seems that an 

imbalanced approach to integrating purposeful and unrelated movement is associated with 



124  

 

increased mathematics performance. Bryan integrated purposeful movement for one week 

and unrelated movement for two weeks in the class that performed at the highest capacity of 

all grade 7 classes. Moreover, Bryan’s use of content-related movement did not transpire in 

the physical classroom.  

These findings pique my interest because I wonder if the change of location, coupled 

with the mathematics-related movement, had a subliminal effect on students’ cognition and 

an external, tangible effect on students’ levels of engagement, activity, and interactions. That 

is, were students more engaged with and more efficacious in performing the mathematics-

related movement because they were not restricted by space? Were students more alert to the 

mathematical ideas because they had a change of scenery? What impact did the former have 

on students’ interactions with their peers in the sociocultural setting? The facts that one grade 

7 intervention class participated in content-related movement outside of the traditional 

classroom setting for a two-week period, and this class did not outperform the students who 

only participated in one week of related movement suggest to me that the novelty of 

mathematics-related movement must be preserved in order to maintain the effectiveness of 

said movement. Perhaps the students who participated in the same type of content-related 

movement for two consecutive weeks became bored or unresponsive thereby affecting their 

academic performance. Thus, the implications of reimagining the classroom as a 

sociocultural construct may mediate the effects of movement on middle grades learners in 

this context. Although this study did not attend to answering the aforementioned questions, 

the influence of the type of classroom-based physical activity on mathematics learning is 

noteworthy.  
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Grade 8. The 8th grade intervention students had higher mean course averages than 

the control schools; yet, the differences in means were not statistically significant. The causes 

for this null association are not identified by the current study. Nevertheless, it is worth 

noting that there were substantial differences in grading practices between the 8th grade 

intervention and control teachers. Despite uniformity in categories and weights for 

calculating course averages, Aubrey collected fewer grades than Hank and did not allow 

students to retake quizzes or tests based on unsatisfactory performance.  

Summary of Academic Performance 

Take 5 findings pursuant to the effects of classroom-based physical activity on 

measures of mathematics academic performance are situated within the scope of existing 

research that suggests age and grade level are critical factors that determine the effectiveness 

of movement on children’s academic and cognitive outcomes. Two pertinent implications are 

revealed by the research findings and analyses. First, it is important to discuss the teacher’s 

perceptions of movement on students’ academic performance. Bryan noted that students were 

more apt to re-focus on mathematics learning after classroom-based physical activity was 

integrated if the activity itself was related to instructional content. He speculated that related 

movement was more effective than unrelated movement. He, also, conveyed that students 

responded better to physical activity when they participated in activities outside of the 

confines of the classroom. That is, when students participated in a gallery walk in the 

hallway, students were more engaged, more attentive, and less likely to exhibit off-task 

behavior. Similarly, students in this setting were able to transition to different tasks, 

including direct instruction-type tasks, without behavioral incidents. Therefore, it is plausible 

that grade 7 intervention students’ academic performance was greater than that of their 
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counterparts due to the types of activities implemented by the instructor. Additional 

investigation is needed to substantiate this claim. 

Likewise, Aubrey perceived the use of unrelated movement perpetuated students’ 

misbehavior in her classes. She noticed students had a more difficult time getting focused at 

the conclusion of the brain break. (Note, the researcher did not observe any off-task behavior 

after the brain breaks during any weeks of the intervention trial.) Yet, she continued to rely 

on unrelated movement because she did not feel efficacious in designing purposeful 

movement or in implementing any of the content-related movements listed in the Take 5 

protocol. It is useful to provide context for some of Aubrey’s concerns. Aubrey was a 

beginning teacher who was steadily developing content knowledge and classroom 

management skills. To wit, Aubrey prioritized her time with the instructional coach to focus 

on gaps in her knowledge of the mathematics content. Therefore, Aubrey relied on unrelated 

movement because it was less arduous to design and to implement despite her belief that this 

type of movement was less effective in managing students’ classroom behaviors. Perhaps 

Aubrey’s pedagogical decision to integrate unrelated movement, despite its perceived effect 

of perpetuating off-task behavior, affected students’ learning outcomes.  

Second, contemporary literature conveys that grade level (age) is statistically 

significant in moderating the effects of school-based physical activity on academic 

performance and cognition (Fedewa & Ahn, 2011; Have, et al., 2016; Howie & Pate, 2012; 

Rasberry et al., 2011). Perhaps the age of the grade 8 students or the type of activity 

employed by the 8th grade intervention teacher was effective on outcomes of academic 

performance. Further investigation is needed to determine (a) the relationship, if any, to age 
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and type of activity, and (b) the interaction, if any, between classroom-based physical 

activity, middle grades learners, age, and academic performance.  

Notably, there were statistically significant differences in mean assessment scores and 

course averages for grade 7 and significant differences in course means for grade 6. There 

were no statistically significant differences in either assessment or course means for grade 8. 

Because there were statistically significant differences in mean academic performance for 

two of the three grade levels, it is generalized that Take 5 classroom-based physical activities 

positively affected students’ academic performance in these rural mathematics classes. This 

inference is in concert with existing literature that purports physically active students perform 

better in academia than their less physically active counterparts (e.g., Ahamed et al., 2007; 

Dinkel et al., 2017; Trudeau & Shephard, 2008). Still, it is noted that relationship does not 

imply causation.  

The Teachers’ Years of Experience 

The statistically significant differences in the means of post-intervention assessments 

and course averages per school is interesting for several reasons: (1) Kelsey described the 

benefits of movement to her performance, efficacious instruction, and levels of acuteness. 

Thus, facilitating classroom-based physical activity benefited the mathematics teacher’s 

cognitive attitudes and pedagogy. (2) The teachers of roster for grade 6 were experienced and 

veteran for Schools A and B respectively. Kelsey’s students outperformed Kelly’s students 

on both measures of assessment; however, the only significant differences were in course 

means. Did teachers’ years of experience moderate or mediate the effects of the Take 5 

activities on 6th grade mathematics students? Is there a relationship between teachers’ years 

of experience and the effects of movement in mathematics learning? Because the present 
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study did not seek to analyze the effects of teachers’ years of experience as a moderator or 

mediator of the effects of classroom-based physical activity on rural middle grades 

mathematics learners, subsequent studies should attend to this factor. (3) In addition, other 

potential factors that were associated with academic performance measures and differences 

among teachers should be explored (e.g., rigor of unit 1 to unit 2, graded items that 

comprised students’ course averages, non-standardized assessments, teacher motivation, 

teacher capacity). 

The Effects of Take 5 on Students’ Attitudes 

The effects of Take 5 on students’ cognitive attitudes, academic behaviors, and levels 

of physical activity varied between grade levels and between the intervention and control 

schools. Students’ self-reported mean cognitive skills declined throughout the duration of the 

study at the intervention school for grades 6 and 7 but increased for grade 8. In addition, 

intervention students’ mean cognitive attitudes and academic behaviors fluctuated for grades 

7 and 8, while increasing for grade 6. Intervention students’ reported levels of physical 

activity increased over time for each grade level. Similar variance was evident with at the 

control school. Control students’ mean responses of cognitive attitudes and academic 

behaviors decreased or remained unchanged over the duration of the study for grades 7 and 8, 

and their levels of physical activity fluctuated for each grade.  

Given the statistically significant findings comparing academic performance 

measures for grades 6 and 7 among the intervention to the control schools, and the lack 

thereof for grade 8, the following paragraphs briefly describe implications of these variations.    

Grade 6. The intervention students’ average enjoyment increased by 0.14, while the 

control students’ enjoyment remained unchanged. Similarly, the intervention students 
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reported gains in the levels of classroom-based physical activity, increasing by 0.54 while 

their counterparts reported an average decline of 0.36. Based on this evidence, it is possible 

that students’ levels of enjoyment in mathematics class were related to their increased levels 

of movement. Furthermore, perhaps enjoyment was heightened because of the increased 

blood flow to the brain. Further investigation is needed into the effects of classroom-based 

physical activity on the cognitive attitude of enjoyment and its related academic behavior of 

motivation for learning.   

Grade 7. Overall, the average responses per question on the Likert-scaled electronic 

survey for grade 7 revealed that students at both schools experienced higher levels of 

attentiveness, enjoyment, and physical activity in mathematics class during the Take 5 

intervention weeks (mid-intervention). There was a decline in students’ mean responses 

relative to enjoyment and physical activity immediately after the intervention trial at both 

Schools A and B. It is plausible to suggest that the intervention students’ heightened levels of 

enjoyment and physical activity during the trial contributed to their overall academic 

performance and outperformance of their counterparts.   

Grade 8. It is possible that the lack of statistically significant differences in measures 

of academic performance for grade 8 was related to the differences in students’ self-reported 

measures of cognitive skills, cognitive attitudes, and academic behaviors. The control school 

exhibited less of a decline in the mean responses to survey items related to the 

aforementioned categories. Pre- to post-intervention differences for the intervention school 

were 0.22 and 0.87 for the categories of (a) cognitive skills and (b) cognitive attitudes and 

academic behaviors, respectively; whereas, pre- to post-intervention differences for the 

control school were 0.06 and 0.60 in the same categories. Therefore, grade 8 intervention 
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students experienced greater declines in academic behaviors and cognitive attitudes than the 

grade 8 students at the control school did. Were diminished enjoyment and attentiveness 

related to the lack of statistically significant differences between 8th grade students’ mean 

academic performance on formative assessments and course averages? The current study 

does not explore this possibility.   

The Effects of Take 5 on Teachers’ Perceptions and Practice 

Both groups of teachers perceived the benefits of classroom-based movement to 

students’ ability to pay attention, moods and dispositions, and academic performance. Yet, 

the teachers’ feelings of efficacy in integrating and actions pursuant to said movement varied 

between Schools A and B. Teachers’ aggregate scores on the Likert-scaled items were 25.7 

and 24.33, respectively, at Schools A and B. The mean aggregate score for intervention 

teachers on Likert-scale was roughly 1.4 points higher than that of the control group. 

Therefore, teachers at School A positively perceived the benefits of classroom-based physical 

activity on students. The teachers at school B maintained a neutral perception. It is important 

to note the difference between group means was marginal. Although intervention teachers 

perceived the effects of movement in a more positive light, 5 out of 6 teachers (from both 

schools) described an eagerness to integrate movement into instruction.  

Take 5 proposed that integrating classroom-based physical activity into mathematics 

instruction was a pedagogical deliberation because the decision “affects learning in an 

otherwise empty classroom” (Simon, 1999). Teachers’ practice and perceptions, pursuant to 

the Take 5 study, seemed to be influenced by external factors such as district and school 

testing schedules, time, and the configuration of classrooms to include class sizes.  



131  

 

Four days of the intervention trial were interrupted by school-mandated assessment. 

Mandatory assessments reduced class time that was devoted to instruction. To wit, 67% of 

the intervention teachers reported testing as a barrier to integrating movement into 

mathematics instruction. Another emergent theme from teachers’ responses to the survey and 

interview protocol was the implications of classroom management on teachers’ pedagogical 

decisions. Research findings from Take 5 suggest that the type of movement that is 

integrated into instruction must be carefully considered and perhaps has differing effects. 

Bryan implemented purposeful movement that was related to the curricular content with class 

1 on days 1-5 and with class 2 on days 1-10 of the intervention trial. He compared the 

behaviors and interaction between his students in these classes based on the type of 

movement that was used. Bryan observed that related movement lessened the likelihood of 

students engaging in misbehavior or needing redirection at the conclusion of the movement 

sequence.  

In this vein, Aubrey also noticed that it was difficult to manage students’ behaviors 

once the movement began. Therefore, both Aubrey and Hank hesitated to continue to 

integrate unrelated physical activity into mathematics instruction. It is, again, noted that 

Aubrey was a beginning teacher in need of great support in developing content knowledge 

and managerial skills. While Aubrey continued to grapple with and develop classroom 

management, she solicited and was provided guidance from administrators and coaches. To 

wit, she willingly attempted new practices. On the other hand, Hank, as a veteran teacher at 

the control school, was resigned to employ practices that garnered success in the past. Even 

in the presence of support from an instructional coach, Hank was not open to try new 

approaches if those approaches seemed to infringe on or contradict his prior experiences. 
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Consequently, Hank was resolute in his decision to avoid integrating classroom-based 

physical activity into future instruction. Thus, the varying levels of administrative support 

and availability of in-classroom coaching appeared to impact teachers’ pedagogical 

deliberations to integrate movement in mathematics teaching.  

Although overall perceptions differed, there were commonalities among the teachers’ 

responses that could possibly contribute to perceptions and subsequent practice. For example, 

teachers in both settings maintained that instructional time, school-mandated testing, and 

classroom management issues have the potential to impede classroom-based physical activity 

interventions, despite noted benefits of activity on students’ levels of attentiveness. Likewise, 

teachers in both groups thought that behavioral management in the classroom after 

implementing movement would be problematic. Bryan stated, “Several students had 

difficulty returning to work when distracted;” while Aubrey suggested “personality conflicts 

were harder to handle once movement started.” Kelly, a teacher in the control group, 

speculated that “getting the students back on task” would be a barrier to integrating 

classroom-based physical activity. Each perception and observed occurrence can be 

discussed within the context of extant literature.  

Jarrett et al. (1998) dispelled several misconceptions related to the effects of recess on 

students’ academic behaviors. In fact, research demonstrated that students were less fidgety 

and more on-task after movement (Bartholomew & Jowers, 2011; Fedewa & Ahn, 2011; 

Grieco et al., 2008; Jarrett et al., 1998). While Kelly’s perception of impediments to 

movement is consistent with long-held misconceptions (cf., Jarrett et al., 1998), Bryan’s and 

Aubrey’s are worth exploring.  Bryan experienced difficulty in getting students focused after 

facilitating unrelated classroom-based physical activity such as dancing or Simon says. Upon 
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reflection, he realized the constraints of the classroom and large class size were not 

conducive to conducting movement activities within the classroom. This was corroborated by 

Bryan’s statement: “They [the students] enjoyed it [classroom-based physical activity], but 

the hallway (i.e., he conducted a gallery walk while solving scaled figures) worked better 

with them [the students] because it was tied to content and they [students] had more space. In 

the classroom, it was chaos when dancing and moving they [students] were in so close 

proximity.” This view was inconsistent with my classroom observations during the 

intervention trial. The subtleties between the physical constructs and concept of the 

classroom, the effects of movement in the sociocultural system as opposed to the physical 

location of classroom, and the type of movement on academic behaviors are fascinating and 

perhaps worthy of future investigation. What effects do reconsidering the classroom as a 

conceptual space, the changing of locations, and type of movement have on mathematics 

learning in the middle grades?  

Aubrey expressed similar concerns about getting students to pay attention after the 

classroom-based movement. Yet, Aubrey continued to develop her classroom management 

skills with assistance from school support personnel throughout the school year. Ultimately, 

the manners in which teachers perceived their students coupled with teachers’ observations 

of student behavior in real time influenced teachers’ practice and related perceptions of 

classroom-based physical activity. The interconnectedness between practice and perceptions 

make it difficult to distinguish or delineate between the effects of practice on perception or 

vice versa. Did teachers consider students’ misbehavior in the context of a larger issue of 

classroom management, or did they attribute the misbehavior to the physical activity itself?  
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Limitations 

There are several limitations of the study; therefore, generalizability of the findings 

may be impeded. First, the quasi-experimental design of the study limits the potential 

significance of the findings and the appropriateness of the statistical tests that were 

employed. The study did not use random sampling methods, and the use of convenience 

sampling could distort the sample of participants. That is, the sample of participants may not 

be representative of the general population of rural middle grades mathematics students. It is 

important to note that ANOVA testing operates under the assumptions of random and 

independent sampling with common variance between the populations from which the 

sample is drawn. This study did not use a random sampling technique because of the 

constraints related to conducting a quasi-experimental study in education (e.g., ethics, student 

placement, and enrollment). Furthermore, the ill-structured problem of education inhibited 

control of several issues (e.g., student and teacher attrition, absenteeism of participants, class 

size). Likewise, the Take 5 study did not attempt to control for the influence of other factors 

(e.g., race, gender, body mass index).   

An additional limitation of the study is the data collection and analysis methods. The 

use of teacher-made, formative assessment measures and non-uniform grading practices may 

have contributed to the significant and null findings, alike, in the study. Although the district 

specified the categories and weights of items comprising the students’ course averages, there 

were no consistent grading practices between Schools A and B or per grade level. 

Specifically, some teachers graded homework based on effort while others graded based on 

accuracy. Similarly, some teachers administered open-notes homework quizzes and counted 

these scores as quiz grades as opposed to homework grades. Practices such as these, but not 
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limited to these, could have affected students’ course means limiting the validity of using 

course means as a true measure of academic performance.  

The scope of the Take 5 study warrants the use of a research team. Because I was the 

lone researcher, I was physically unable to observe each teacher, class, and group of students 

to ensure fidelity of implementation. The use of students’ and teachers’ self-reported data 

were necessities that potentially diminished the veracity of the research findings. Similarly, 

because of time constraints and my inability to interview each of the participants, I used a 

series of semi-structured, electronic surveys to solicit students’ responses to questions 

pursuant to classroom and Take 5 activities. Yet, the use of electronic surveys detracted from 

the depth of inquiry and narratives of the participants because the surveys limited the 

potential to ask follow-up questions, in real time, of the participants.  

Another limitation of the study was the uneven administration of the student survey 

protocols and the decline in student participation. Intervention and control teachers did not 

adhere to the specified timeframe for administering surveys to students. Rather, teachers 

administered surveys on different days of the trial. The mid-intervention survey was not 

administered exactly on the 7th (or 8th) day of the trial. For example, Kelsey administered the 

grade 6 mid-intervention survey on November 29, 2017, which was during the final week of 

the intervention as opposed to its second week. Similarly, in grade 7, Bryan administered the 

post-intervention survey two weeks after the conclusion of the trial on December 18, 2017. 

Finally, there was a dramatic decline in the number of participants during each administration 

of the survey. For example, the number of respondents to the 8th grade survey at the control 

school decreased from 20 to six. Therefore, students’ survey data suffered from non-

responses, had to be cleaned, and may be skewed. Students who continued to participate may 
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possess strong beliefs that are not consistent with the general population of students in 

Schools A and B.  

 A further limitation of the study results from the wording of the survey instruments. 

On the student survey, the second question read, “I move around the classroom in math 

class.” It is possible that the wording of the statement was confusing. Students may have 

interpreted the verb “move” to mean fidget, change seating, or otherwise disrupt the class as 

opposed to the intended manner of expressing one’s physical activity level related to the 

Take 5 intervention. It is possible that this misinterpretation affected the outcomes at the 

control school. For example, at the control school, students’ self-reported behavior of 

movement declined. Is this because students interpreted movement to imply class 

disruptions? Likewise, the teachers’ survey instrument assessed teachers’ perceptions of and 

actions related to movement in mathematics instruction. It is possible that teachers did not 

fully understand the differences between purposeful, embodied, and unrelated movement.  

A final limitation of the study was the use of qualitative data that was interpreted and 

analyzed by me. I have been embedded in the field for an extensive time. My knowledge of 

the participants presented potential bias and colored the lenses through which I viewed the 

qualitative data.  

 In light of the aforementioned limitations, if one were to conduct a similar study in 

the future, the researcher should:   

1. Conduct separate training sessions for intervention and control teachers to ensure that 

control teachers will not experience the unintended effects of alerting them to the 

benefits of the movement.  
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2. Provide a simulation of best practices for managing classroom behaviors during the 

intervention trial and provide ongoing support to intervention teachers through 

weekly planning and reflection sessions.  

3. Collaborate with intervention teachers to develop content-related, purposeful 

movements that are aligned with the curriculum. Plan in advance, monitor, and revise 

lesson plans based on the actual pacing and sequence of instruction in real time, 

accommodating for testing and other external constraints.  

4. Employ the services of a research team to conduct classroom observations of both 

schools during each day of the intervention trial. The research team would be 

responsible for administering the student survey protocols to preclude decreased 

participation. Interview students to corroborate the survey data at each phase of the 

study.  

5. Rephrase Question 2 of the student survey protocol to ensure that students do not 

think “move around” means fidgeting, wandering, or being assigned a different seat 

due to misbehaving by providing examples of the types of movement to which the 

question refers or by revising the question altogether.  

Recommendations for Further Research 

The results of the Take 5 study are situated within the scope of existing research. 

Take 5 findings suggest that classroom-based physical activity interventions are of no 

detriment to students’ academic performance in the core curricula. Moreover, the study 

implies that students’ enjoyment, a key cognitive attitude and academic behavior, in 

mathematics is related to increased levels of movement and students’ overall attitudes 

towards mathematics learning. Further investigation is needed to determine any interaction 
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between students’ cognitive attitudes (e.g., enjoyment), movement, and academic 

performance. Future study should consider enjoyment as a categorical variable in the 

ANCOVA model.  

Likewise, because the results of Take 5 did not indicate statistically significant 

differences between the intervention and control students’ formative assessment scores for 

grades 6 or 8, future research should attend to the mediating effect of assessment type on the 

effects of classroom-based physical activity and students’ academic performance. 

Furthermore, a subsequent analysis of the moderating effects of grade or age on the same is 

needed. Therefore, future study could examine the grade level effects of movement, the type 

of movement, and the form of assessment on elementary through high school students’ 

academic performance in mathematics.  

Because the interplay between teachers’ perceptions of classroom-based physical 

activity, teachers’ pedagogical deliberations to integrate said activity, and the influence of 

external factors on teachers’ pedagogy and practice are nuanced and quite muddled, further 

study is needed to examine (a) the complexities associated with teachers’ pedagogical 

decisions, implementation, and reflective practice when deliberating between purposeful and 

unrelated classroom-based physical activity in mathematics teaching; (b) the effects of  

teacher’s years of experience on their perceptions of classroom-based physical activity on 

students’ academic performance, cognitive attitudes, and academic behaviors; and (c) the 

effect of teachers’ years of experience on the interaction between class, teacher, grade, and 

school. Finally, this study did not attend to the effects of race, gender, or classification as an 

exceptional learner on students’ academic performance, academic behaviors, or cognitive 

attitudes. Further study in this regard may be warranted.  
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Although the sample size (n=287) for the Take 5 study was not marginal, the 

researcher is hesitant to generalize the current research findings due to the context and setting 

of the study. Future research should identify and attend to any effects of school setting on 

school culture, teachers’ and students’ perceptions of movement in mathematics learning, 

and academic performance, cognitive attitudes and academic behaviors.  

Conclusion 

Of utmost importance to the paradigm of best practices in mathematics education, the 

Take 5 study presented evidence to substantiate the benefits of classroom-based physical 

activity, as a brain break, to middle grades learners of mathematics. Significant findings 

pursuant to the effects of movement on students’ mean performance on formative 

assessments or course averages were found for grades 6 and 7. Furthermore, students who 

engaged in classroom-based physical activities reported higher levels of enjoyment and 

increased ability to pay attention during instruction. Therefore, the Take 5 study suggests the 

use of movement in mathematics teaching and learning is of no detriment to performance in 

the core curricula. Moreover, the study presented ideas that are critical to instructional design 

and the allocation of time in the middle grades mathematics classroom.  

Impact on the Field 

 The findings pursuant to the Take 5 study seek to impact the fields of educational 

policy and mathematics education. The findings emphasize the benefits of movement to 

learning and suggest that movement should be integrated into instruction using a whole-of-

school approach. The noted improvements to students’ cognitive attitudes, academic 

behaviors, and academic performance posit physical activity as integral to academic 

achievement.  
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The Take 5 study implies that instructional time should be reimagined. Generally, 

traditional instructional practices engage students in listening, writing, and conversing. 

Traditional instruction does not capitalize on the brain-body-mind system. Practitioners are 

encouraged to move away from sedentary instructional approaches that (a) inundate the 

learner with information for prolonged periods of time without the use of a brain break and 

(b) promote limited engagement. Rather, practitioners are encouraged to move toward 

practices that integrate purposeful, embodied, and unrelated movement. Implications from 

mind, brain, and education research suggest that the development of conceptual systems, the 

understanding of abstract ideas, and the process of reasoning about content are (a) supported 

by physical movement and (b) cultivated by the same cognitive mechanisms that are integral 

to mathematics learning, in particular. Although further investigation is needed to determine 

which types of classroom-based physical activity are most influential on academic outcomes, 

there is clear evidence that movement and learning are symbiotic in nature. Therefore, 

instructional time should encourage the use of brain breaks per every 15 to 20 minutes of 

instruction (Jensen, 2000); the Take 5 study and other research (e.g.,  Dinkel et al., 2017; 

Fedewa & Ahn, 2011; Howie & Pate, 2015; Jensen, 2000; Maeda & Murata, 2004; Maeda & 

Randall, 2003; Mahar et al., 2006) suggest that classroom-based physical activity is method 

of engaging the learner in activities that simultaneously lowers the cognitive load on the 

brain, supports neural connectivity, and facilitates learning.  

In addition, the Take 5 study implies that school policies that preclude movement are 

counterproductive to the overarching goals of education (e.g., students’ academic 

achievement, students’ improved self-perceptions and attitudes toward learning). Policies 

that limit movement as a form of punishment for students’ misbehavior or non-compliance 
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should be reconsidered. Existing data (e.g., Barros et al., 2009; Maeda & Murata, 2004; 

Rasberry et al., 2011) and the findings from the Take 5 study reveal that students’ abilities to 

pay attention, the observed instances of off-task behavior post-activity, and students’ levels 

of enjoyment in mathematics are improved by participating in classroom-based physical 

activities. Moreover, the findings from grade 8 in the Take 5 study suggest that movement in 

mathematics has the potential to quell students’ feelings of disinterest and to prevent waning 

attentiveness and enjoyment. Students with a record of misbehavior and those in need of the 

most academic support could possibly benefit from physical activity that is embedded 

throughout the school day.  

A final consideration of the current study is its impact on the field of mathematics 

education. Findings from Take 5 suggest that mathematics education should attend to the 

varying effects of using purposeful and embodied movement in mathematics methods classes 

and in the field of practice. While the differences between purposeful and embodied 

movement are subtle, distinguishing between them and remedying the implications of these 

differences to educational practice is complex. The findings from Take 5 suggest that 

embodiment is a form of purposeful movement; however, purposeful movement is not 

necessarily embodied movement. Consider the gallery walk in which Bryan’s class 

participated. This gallery walk was categorized as purposeful movement because the physical 

actions of walking and writing while solving mathematics-related tasks at various locations 

in the hallway were in concert with the description of purposeful movement from existing 

literature (e.g., Wells, 2012). Yet, this movement was not embodiment, per se, because the 

movement of walking did not explicitly (a) use the body to mimic mathematical ideas, (b) 

help learners to see their physical actions relative to important aspects of the mathematics 
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content while minimizing attention given to irrelevant aspects of the problem scenario 

(Novack et al., 2014), or (c) replicate kinesthetic movements of physical or semi-concrete 

objects in an effort to “free knowledge from a particular context so that it can be more easily 

generalized to new problem forms” (Novack et al., 2014, p. 904). Therefore, several 

questions arise. Would embodiment have greater effects on students’ academic performance 

in mathematics than purposeful movement? Can and should embodiment be used as a brain 

break? What are the implications of using such activities on (a) students’ cognitive attitudes 

and academic behaviors and (b) teachers’ pedagogical deliberations? While the Take 5 study 

did not attend to these questions, the Take 5 study did present findings that suggest these 

questions are worth considering.  

Ultimately, the Take 5 study situates itself among existing research in its use of 

classroom-based physical activity as a 2- to 5 minute brain break after about 20 minutes of 

traditional instruction (Jensen, 2000; Taras, 2005). Also, the Take 5 intervention addresses a 

gap within existing research by exploring the effects of movement on rural middle grades 

mathematics learners (e.g., Dinkel et al., 2017; Taras, 2005; Wells, 2012). Unlike existing 

literature, this study uses a larger sample size in the middle grades mathematics classes, 

possibly presenting generalizable findings relative to rural middle grades students. It is 

important to explore the interplay between cognition and mathematics learning at the middle 

grades for several key reasons. First, brain plasticity is thought to become more stable (less 

plastic) as one ages (e.g., Jensen, 2000; Reed et al., 2010). Adolescence is a critical time 

during the development of the human brain and its inherent plasticity. As Kanwal, Jung, and 

Zhang (2015) explain, “The time period during which a system is maximally plastic is called 

a critical time window, which terminates with the crystallization of a generally irreversible 
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behavioral outcome. In humans, many critical windows that open and close during brain 

development are closely associated with the teenage years [adolescence]” (p. 1). Second, the 

same regions of the brain that support voluntary movement also support integral 

mathematics-related functions such as executive function, reasoning, and logic (Lambourne 

et al., 2013). Thus, the potential benefits of classroom-based physical activity to middle 

grades mathematics students could be a much-needed solution to students’ declining 

academic performance in the area of mathematics, students’ cognitive attitudes and academic 

behaviors of motivation and enjoyment in mathematics learning, and teachers’ perceptions of 

students’ academic behaviors.  
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Appendix A: Parental Consent Form (Take 5 Students) 

For the purposes of completing research and in conjunction with the overarching goals of the 

Cultivating Conceptual Teaching and Collaborative Learning (C3 M) Project, you are asked to grant 

permission for your student to participate in (1) short intervals of classroom-based physical activity 

and (2) a series of three electronic interviews.  

 

Take 5 is the use two to five minutes of classroom-based physical activity for approximately every 

fifteen to twenty minutes of instruction. This research-based intervention will be used in your 

student’s mathematics class for roughly three to six weeks. The interviews are designed to ascertain 

your students’ points-of-view about (a) his/her experiences in mathematics class, (b) engagement in 

physical activity and sports, and (c) the intersection of mathematics and physical activity at the 

middle school level. With your permission and our promise of confidentiality, the interviews will be 

completed electronically via Google survey. The interviews will be reviewed and analyzed, solely, by 

the interviewer noted below and the principal investigator of the grant. Any relevant findings will be 

reported using pseudonyms. 
Interviewer/Researcher: Laila L. Thompson Principal Investigator: Lee V. Stiff  

 
Parent/Guardian Permission: 

___ I give permission for my student to participate in (a) the Take 5 activities without 

restrictions AND (b) the electronic interview process. I grant permission for the interviews to 

be used as described above. 

___ I give permission for my student to participate in (a) the Take 5 activities WITH the 

following restrictions AND (b) the electronic interview process. I grant permission for the 

interviews to be used as described 

above.____________________________________________ 

___ I do NOT give my student permission to participate in the Take 5 activities. I do NOT 

give my student permission to participate in the electronic interview process.  

Name of Student: ___________________________________________________ 

School: _________________________ Grade Level: ______________ 

Name of Student’s Mathematics Teacher: _____________________________ 

Parent/Guardian Name: ________________________________________________ 

Parent/Guardian Signature: _______________________________Date: _________ 

  



153  

 

Appendix B: Parental Consent Form 

For the purposes of completing research and in conjunction with the overarching goals of the 

Cultivating Conceptual Teaching and Collaborative Learning (C3 M) Project, you are asked to grant 

permission for your student to participate in a series of three electronic interviews.  

 

The interviews are designed to ascertain your students’ points-of-view about (a) his/her experiences 

in mathematics class, (b) engagement in physical activity and sports, and (c) the intersection of 

mathematics and physical activity at the middle school level. With your permission and our promise 

of confidentiality, the interviews will be completed electronically via Google survey. The interviews 

will be reviewed and analyzed, solely, by the interviewer noted below and the principal investigator 

of the grant. Any relevant findings will be reported using pseudonyms. 

 

Interviewer/Researcher: Laila L. Thompson Principal Investigator: Lee V. Stiff  

 
Parent/Guardian Permission: 

___ I give permission for my student to participate in the electronic interview process and for 

the interviews to be used as described above. 

___ I do NOT give my student permission to participate in the electronic interview process or 

for the interviews to be used as described above. 

Name of Student: ___________________________________________________ 

School: _________________________ Grade Level: ______________ 

Name of Student’s Mathematics Teacher: _____________________________ 

Parent/Guardian Name: ________________________________________________ 

Parent/Guardian Signature: _______________________________Date: _________ 
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Appendix C: Student Consent Form 

I have read the information above and agree to participate in the activities and interview 

process. I understand that my responses should be truthful. I understand that the only people 

who will read or analyze my responses are the researcher and the principal investigator for 

the C3M grant.  

  

___ I give my permission to be interviewed and for the interviews to be used as 

described above. 

___ I do NOT give my permission to be interviewed and for the interviews to be used 

as described above. 

Signature student: _______________________________ Date: _________ 
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Appendix D: Take 5 Intervention Protocol 

Teachers, please remember that you are required to give students a brain break, in the 

form of Take 5 activities (See Appendix F), for three to six consecutive weeks. Take 5 

activities are designed to be implemented every fifteen to twenty minutes. This means that 

you are expected to teach or engage in instructional activities for roughly twenty minutes. 

After fifteen to twenty minutes, please stop the teaching and instruct the students to stand and 

get moving. The class will engage in Take 5 for two to five minutes. Then, you may resume 

instruction for an additional fifteen to twenty minutes. After which, you will, again, take a 

two to five minute brain break. Repeat this process until the conclusion of your class. This 

time may vary from day to day of the intervention. Please use your discretion in selecting 

activities and in determining the appropriate instructional sequence. Because you have 

approximately 70 minutes of class time, it is suggested that you engage in at least two Take 5 

breaks per class. Please see the sample below.  

Week 1: Days 1-5        Date: _3/12/17__ 

Class: __1___ 

Type of Brain Break Activity 

(Related/Purposeful or 

Unrelated) 

Description of Activity 

Purposeful Fractions on number line: 

Students stood in various places on a number line taped  

to classroom floor 

Unrelated Simon Says: 

Students played traditional Simon Says 

 

Number of brain breaks used this week in this class: __10__________ 

 

Take 5 Frequently Asked Questions 

1. What is a brain break? 

A brain break is an interval to time that is used to provide students with a break from 

learning new material. During this break, students’ brains are automatically sorting 

and storing information. 

2. What types of activities should I use during brain breaks (Intervention teachers 

ONLY)? 

Brain breaks can take many forms. The one that you are asked to use during the Take 

5 trial is a physical activity break. During this break, students are given the 

opportunity to get up and to get moving. Students can engage in physical activities 

that you design or select. Or you may use some of the activities included in this 

packet (e.g., dancing, stretching, playing games, or activities that are related to 

mathematics). Math-related physical activity should not be used to teach new 

material, but you are encouraged to use the brain breaks to have students engage in a 

review of previously taught math content. For example, students could skip an 

invisible rope while reciting multiplication tables.  
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3. How long should I use Take 5 (Intervention teachers ONLY)? 

Take 5 activities will be used after the Unit 1 Common Exam and before the Unit 2 

Common Exam. Please give students a physical activity brain break for 3 to 6 weeks.  

October 16- November 3, 2017 do physical activity breaks. 

4. What is expected of me as the teacher? 

a. Please give students the first survey on October 9 or 10, 2017 during the 

beginning or end of math class. Absent students may take the survey upon 

their return. The survey will be emailed to you tomorrow. You will need share 

the link with your students or email it to them directly.   

b. Please complete the spreadsheet for each class (class 1 and class 2). In this 

sheet, record each students’ last initial, first name, Unit 1 Common Exam 

grade, and class averages. 

c. After students take the Unit 1 Common Exam, Intervention Teachers ONLY, 

begin using the physical activity breaks with the two classes you have 

selected. Use the breaks every day for three consecutive weeks. At the end of 

each week, complete the activity log (See Appendix E). 

d. Please administer the second student survey on October 23 or 24, 2017 during 

the beginning or end of math class. Absent students may take the survey upon 

their return. The survey will be emailed to you no later than October 20, 2017. 

You will need share the link with your students or email it to them directly.   

e. Please complete the spreadsheet for each class (class 1 and class 2). In this 

sheet, record each students’ last initial, first name, Unit 2 Common Exam 

grade, and class averages. 

f. Please administer the final student survey on November 6 or 7, 2017 during 

the beginning or end of math class. Absent students may take the survey upon 

their return. The survey will be emailed to you no later than November 3, 

2017. You will need share the link with your students or email it to them 

directly.   

g. Please complete the teacher survey TBA.  
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Appendix E: Take 5 Intervention Teacher Self-Reporting Log 

Please complete the following record of the class time devoted to instruction and physical 

activity.  

 

Week 1: Days 1-5        Date: __________ 

Class: ___ 

 

Type of Brain Break Activity 

(Related/Purposeful or 

Unrelated) 

Description of Activity 

  

  

  

  

  

 

Number of brain breaks used this week in this class period: ___________ 

Week 2: Days 6-10        Date: __________ 

Class: ___ 

 

Type of Brain Break Activity 

(Related/Purposeful or 

Unrelated) 

Description of Activity 

  

  

  

  

  

 

Number of brain breaks used this week in this class period: ___________ 

 

Week 3: Days 11-15        Date: __________ 

Class: ___ 

 

Type of Brain Break Activity 

(Related/Purposeful or 

Unrelated) 

Description of Activity 

  

  

  

  

Number of brain breaks used this week in this class period: ___________ 
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Appendix F: Take 5 Intervention Activities 

Remember, all materials for classroom-based physical activity of the Take 5 Intervention will 

be provided by funding from the C3M Project/NCSU. If you need materials, please let me 

know.  

 

Activity Materials 

Unrelated (not related to math) 

Simon Says 

 

None 

(Invisible) Jumping Rope None 

Jumping Jacks None 

Walking None 

Teach Me How to… Pre-selected, clean versions of the latest 

dance trends 

Bean Bag Toss Bean bags 

Buckets 

Dodge-Puff Soft Pillow 

Ring Toss Rings 

Ring Stands 

Basketball Mini-Basketballs 

Mini-Hoops 

Musical Chairs Individual Chairs 

Music 

Old School Dance Music 

Purposeful (related to math, not used to 

teach new math content) 

Simon Says for Mathematics Vocabulary 

 

 

Mathematics Vocabulary 

Pattern Pleaser 

 

Students position themselves to replicate 

patterns. 

Coordinate Plane Mania  Coordinate Axes/Grid on Floor 

Inequality Pop-Up See Handout 

Coordinate Four Corners Each corner in room represents quadrant.  
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Appendix G: Inequality Pop-Up 

1. As the students enter the room, give each one a sticky note with an integer value on 

it.  

2. Review the meanings of equal to, not equal to, less than, greater than. Don't use 

formal definitions right now. Just make sure the students know that less than means 

a smaller value...etc. 

3. Write on the board or project on PPT a series of equations and simple inequalities. 

Student(s) who have this or these value should stand and hold up their integer. For 

example, x < 3, then all students with smaller values stand (pop-up).  

4. Discuss the solutions and why the students are correct or incorrect.  
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Appendix H: Electronic Survey Protocol for Phase 1 

 

Pre-Intervention: 

The questions and statements in this survey are designed to describe how you feel about 

mathematics and the activities in your mathematics class. Please read each statement 

carefully, and then respond to each item with a response that best represents your own 

feelings, thoughts, and ideas. For the scaled items, circle only one number. Remember this is 

not a test. 

 

To what extent do you agree or disagree with each of the following statements about 

mathematics class and/or activities? 

 

 

Strongly 

Disagree  Disagree  Not Sure Agree 

Strongly 

Agree 

I enjoy math 

class.  1 2 3 4 5 

I sit a lot in 

math class. 1 2 3 4 5 

I move 

around the 

classroom in 

math class.  1 2 3 4 5 

I daydream 

often in 

math class. 1 2 3 4 5 

I am able to 

remember 

what I learn 

in math 

class. 1 2 3 4 5 

I pay 

attention in 

math class.  1 2 3 4 5 

Math class 

is fun.  1 2 3 4 5 
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Appendix I: Electronic Survey Protocol for Phase 2 

During Intervention: 

 

The questions and statements in this survey are designed to describe how you feel about 

mathematics and the activities in your mathematics class. Please read each statement 

carefully, and then respond to each item with a response that best represents your own 

feelings, thoughts, and ideas. For the scaled items, circle only one number. Remember this is 

not a test. 

 

To what extent do you agree or disagree with each of the following statements about 

mathematics class and/or activities?  

 Strongly 

Disagree  

Disagree  Not Sure Agree Strongly 

Agree 

I enjoy math 

class.  

1 2 3 4 5 

I sit a lot in 

math class. 

1 2 3 4 5 

I move 

around the 

classroom in 

math class.  

1 2 3 4 5 

I daydream 

often in math 

class. 

1 2 3 4 5 

I am able to 

remember 

what I learn 

in math 

class. 

1 2 3 4 5 

I pay 

attention in 

math class.  

1 2 3 4 5 

Math class is 

fun.  

1 2 3 4 5 
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Appendix J: Electronic Survey Protocol for Phase 3 

Post-Intervention: 

The questions and statements in this survey are designed to describe how you feel about 

mathematics and the activities in your mathematics class. Please read each statement 

carefully, and then respond to each item with a response that best represents your own 

feelings, thoughts, and ideas. For the scaled items, circle only one number. Remember this is 

not a test. 

 

To what extent do you agree or disagree with each of the following statements about 

mathematics class and/or activities? 

 

 Strongly 

Disagree  

Disagree  Not Sure Agree Strongly 

Agree 

I enjoy math 

class.  

1 2 3 4 5 

I sit a lot in 

math class. 

1 2 3 4 5 

I move 

around the 

classroom in 

math class.  

1 2 3 4 5 

I daydream 

often in 

math class. 

1 2 3 4 5 

I am able to 

remember 

what I learn 

in math 

class. 

1 2 3 4 5 

I pay 

attention in 

math class.  

1 2 3 4 5 

Math class 

is fun.  

1 2 3 4 5 
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Appendix K: Electronic Survey Protocol for Teachers 

Post-Intervention: 

The questions and statements in this survey are designed to assess the integration of physical 

activity (PA) into your mathematics instruction. Please read each statement carefully, and 

then respond to each item with a response that best represents your own feelings, thoughts, 

and ideas. For the scaled items, circle only one number. Remember this is not a test. 

 

1. Do you incorporate physical activity into your mathematics instruction? Yes or no 

2. What are your reasons for implementing classroom-based physical activity breaks, if 

any? (Check all that apply)  

a. I think it is important for children to get more physical activity. 

b. My student’s behavior improves when I incorporate physical activity. 

c. My student’s test scores improve when I incorporate physical activity. 

d. My students are in a better mood when I incorporate physical activity. 

e. Other 

3. On a normal basis, how many days a week do you integrate physical activity into 

your instruction?  

a. 1 day/week  

b. 2 days/week 

c. 3 days/week 

d. 4 days/week 

e. 5 days/week 

4. On a normal basis, how many times a day do you integrate physical activity into your 

instruction per class period?  

a. 1 time per class period 

b. 2 times per class period 

c. 3 times per class period 

d. 4 times per class period 

e. 5 or more times per class period 

5. What types of classroom-based physical activity breaks do you use? (Check all that 

apply)  

a. Unrelated physical activity only (e.g., 5 minutes of exercises such as jumping 

jacks, jog in place) 

b. Academic ideas combined with physical activity (e.g., jumping for answer to 

2+2)  

c. School-wide physical activity breaks (e.g., all classes take a PA break at 10:00 

am)  

d. Recess scheduled by the school/integrated into school hours 

 

To what extent do you agree or disagree with each of the following statements about 

mathematics class and/or activities? (PA= physical activity) 
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 Strongly 

Disagree 

Disagree Not Sure Agree Strongly 

Agree 

6. I am 

comfortable 

integrating PA into 

math instruction.  

1 2 3 4 5 

7. I see the benefit 

of classroom-based 

PA to my students. 

1 2 3 4 5 

8. My students are 

able to pay better 

attention after 

participating in PA.  

1 2 3 4 5 

9. I notice 

behavioral changes 

in my students after 

their participation 

in PA. 

1 2 3 4 5 

10. I normally do 

not use PA breaks 

with my classes of 

students. 

1 2 3 4 5 

11. I only 

integrated PA 

breaks because of 

the Take 5 study. 

1 2 3 4 5 

12. I will continue 

to use PA breaks 

with my students. 

1 2 3 4 5 

 

Source: Dinkel, Lee, & Schaffer (2016) 

 

13. Describe any perceived challenges to integrating physical activity into mathematics 

instruction.  

14. Would you integrate purposeful or unrelated movement into future instruction?  
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Appendix L: Semi-Structured Interview Protocol for a Intervention Teacher 

1. Did you experience any barriers to integrating physical activity into math instruction?  

2. What barriers prevent you from integrating physical activity into math instruction? 

3. Would you be willing to integrate more physical activity into math instruction if you 

did not experience or could overcome those barriers? 
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Appendix M: Transcript of Interview with Bryan  

*Note: Bryan was the grade 7 teacher at the intervention school.  

 

Researcher: Did you experience any barriers to integrating physical activity into math 

instruction?  

 

Bryan:   Yes. 

 

Researcher:   What barriers prevented you from integrating physical activity into math 

instruction? 

 

Bryan:   In one class, testing and behavior was a barrier. Several students had difficulty 

  returning to work when distracted.  Also, personality conflicts were harder to 

  handle once movement started. 

 

Researcher:  Would you be willing to integrate more physical activity into math 

instruction if you did not experience or could overcome those barriers? 

 

Bryan:  Yes, but I would like more training. It would be good to have more movement 

activities that were tied to the math.  

 

Researcher:  Why do you say that? 

 

Bryan:  The problem with one class is the kids had to leave the classroom to take 

quizzes and exams so then they did not get as much of the activity breaks as 

others. They [the students] enjoyed it [classroom-based physical activity], but 

the hallway (i.e., he conducted a gallery walk while solving scaled figures) 

worked better with them [ the students] because it was tied to content and 

they [students] had more space. In the classroom, it was chaos when dancing 

and moving they [students] were in so close proximity. I enjoyed it [the 

movement] too. I think the teachers may get more out of it than the kids. 

Maybe you should do the study again on teachers. Also, I think maybe the 

intervention should have started at the beginning of the school year. Teachers 

need more guidance about incorporating related purposeful movement into 

the lesson and integrate math content because it helped kids in math.  

 

Researcher:  Thank you! I am taking notes.  
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Appendix N: Fidelity of Implementation Teacher’s Response 
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Appendix O: Fidelity of Implementation Classroom Observation Log 

• I visited Aubrey’s class 1 on 11/8/17, which is day 3 of the intervention. The students 

were happy to participate in Simon Says. The activity was not related to mathematics. 

The teacher used various fun actions and directives. The teacher and researcher both 

participated. The activity lasted approximately 3 minutes. The teacher used the 

activity to lead into the lesson of the day by saying “Simon says put your computers 

away and take out your notebooks.” The students required no redirection after the PA. 

I observed that every student was on-task, paying attention, and taking notes, 

completing the activity of writing equation of line given the graph of a proportional 

relationship.  

• I visited the Bryan’s class 1 on 11/13/17. The physical activity break lasted 

approximately 2 minutes. The students watch and danced to a YouTube video of the 

Macarena. The activity was used during transition from whole-group discussion to 

direct instruction about a new lesson. The students enjoyed dancing and did not 

exhibit any off-task behavior after the exercise. In fact, one student said, “Can we get 

a little more exercise before we begin the next one?” Classes were shortened this day 

due to testing.  

• I had to cover Kelsey’s class 1 on 11/13/17. I led the class in Simon Says after 

approximately 20 minutes of seatwork. The students were assigned a worksheet on 

simplifying ratios. The students enjoyed the activity. Everyone participated. Prior to 

the activity two students had to be redirected several times. After, the activity, these 

two students remained on task the remainder of the class period. Classes were 
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shortened this day due to testing. Therefore, there was only one activity break this 

day.  

• 11/15- testing again today and student health emergency at b-ball game yesterday 

caused delay in schedule; Teachers will extend PA intervention until end of 

November.  

• 12/13-Kelsey and I talked during our planning meeting for the curriculum. She said, 

“I love doing the physical activities with my kids. They help me. I’m more alert. I’m 

more in tune with the lesson and kids. I teach better because of moving around more.” 

• A theme that emerges as I visit the implementation classes is that teachers prefer 

implementing unrelated physical activity as brain breaks in their classes. It is possible 

that teachers are only implementing the PA when I am present. Although, I have 

asked them frequently about the PA and they say that they are using it daily.  
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Appendix P:  Model 1. ANCOVA with Y= Test 2 and X=Test1 

 

The 
GLM 

Procedu
re Least 
Squares 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 
 
 

School 

 
 

Test2 LSMEAN 

H0:LSMean1=LSMean2 

Pr > |t| 

NMS 65.7517810 <.0001 

SMS 73.9358760  

 

School Test2 LSMEAN 95% Confidence Limits 

NMS 65.751781 63.251762 68.251800 

SMS 73.935876 71.223345 76.648407 

 

Least Squares Means for Effect School 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 -8.184095 -11.949589 -4.418601 
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Appendix Q: Model 1. ANCOVA with Y= Test 2 and X=Test 

 

 

The 
GLM 

Proced
ure 

Least 
Square

s 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 

School Grade Test2 LSMEAN LSMEAN Number 

NMS G6 73.7283264 1 

NMS G7 53.9147235 2 

NMS G8 69.6122931 3 

SMS G6 78.3999601 4 

SMS G7 71.4896302 5 

SMS G8 71.9180376 6 

 

Least Squares Means for effect School*Grade 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

Dependent Variable: Test2 

i/j 1 2 3 4 5 6 

1  <.0001 0.7750 0.6836 0.9782 0.9938 

2 <.0001  <.0001 <.0001 <.0001 <.0001 

3 0.7750 <.0001  0.0846 0.9919 0.9841 

4 0.6836 <.0001 0.0846  0.2611 0.4009 

5 0.9782 <.0001 0.9919 0.2611  1.0000 

6 0.9938 <.0001 0.9841 0.4009 1.0000  

 

School Grade Test2 LSMEAN 95% Confidence Limits 

NMS G6 73.728326 69.493682 77.962971 

NMS G7 53.914723 49.589281 58.240165 

NMS G8 69.612293 65.223087 74.001499 

SMS G6 78.399960 73.768783 83.031137 

SMS G7 71.489630 67.139142 75.840119 

SMS G8 71.918038 67.024928 76.811147 
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Least Squares Means for Effect School*Grade 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 19.813603 10.961676 28.665530 

1 3 4.116033 -4.850361 13.082427 

1 4 -4.671634 -13.793885 4.450618 
 

1 5 2.238696 -6.575142 11.052534 

1 6 1.810289 -7.594087 11.214664 

2 3 -15.697570 -24.540526 -6.854613 

2 4 -24.485237 -33.775230 -15.195243 

2 5 -17.574907 -26.590110 -8.559703 

2 6 -18.003314 -27.582046 -8.424582 

3 4 -8.787667 -18.233014 0.657680 

3 5 -1.877337 -11.085402 7.330728 

3 6 -2.305744 -12.048904 7.437415 

4 5 6.910330 -2.280955 16.101615 

4 6 6.481923 -3.282103 16.245948 

5 6 -0.428407 -9.892845 9.036031 
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Appendix R: Model 1. ANCOVA with Y= Test 2 and X=Test1 (with class effect) 

 

The 
GLM 

Procedu
re Least 
Squares 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 

ClassID School Grade Test2 LSMEAN LSMEAN Number 

C NMS G6 69.4006201 1 

D NMS G6 78.0560327 2 

G NMS G7 53.8944581 3 

H NMS G7 53.9349888 4 

K NMS G8 70.3675337 5 

L NMS G8 68.8570525 6 

A SMS G6 78.7812390 7 

B SMS G6 78.0186813 8 

E SMS G7 83.0393887 9 

F SMS G7 59.9398718 10 

I SMS G8 66.0295281 11 

J SMS G8 77.8065470 12 

 

Least Squares Means for effect ClassI(School*Grade) Pr > |t| 

for H0: LSMean(i)=LSMean(j) 

Dependent Variable: Test2 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 

1 
 

0.7827 0.0294 0.0277 1.0000 1.0000 0.7546 0.7338 0.1553 0.6023 0.9999 0.8961 

2 0.7827 
 

<.0001 <.0001 0.8157 0.7446 1.0000 1.0000 0.9905 0.0034 0.2877 1.0000 

3 0.0294 <.0001 
 

1.0000 0.0064 0.0491 <.0001 <.0001 <.0001 0.9660 0.2442 0.0001 

4 0.0277 <.0001 1.0000  0.0067 0.0447 <.0001 <.0001 <.0001 0.9675 0.2451 0.0002 

5 1.0000 0.8157 0.0064 0.0067  1.0000 0.8060 0.7978 0.1470 0.3594 0.9978 0.9259 

6 1.0000 0.7446 0.0491 0.0447 1.0000 
 

0.7066 0.6728 0.1418 0.7026 1.0000 0.8679 

7 0.7546 1.0000 <.0001 <.0001 0.8060 0.7066 
 

1.0000 0.9991 0.0057 0.2964 1.0000 

8 0.7338 1.0000 <.0001 <.0001 0.7978 0.6728 1.0000 
 

0.9928 0.0024 0.2510 1.0000 

9 0.1553 0.9905 <.0001 <.0001 0.1470 0.1418 0.9991 0.9928 
 

<.0001 0.0193 0.9949 
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10 0.6023 0.0034 0.9660 0.9675 0.3594 0.7026 0.0057 0.0024 <.0001 
 

0.9721 0.0193 

11 0.9999 0.2877 0.2442 0.2451 0.9978 1.0000 0.2964 0.2510 0.0193 0.9721 
 

0.4844 

12 0.8961 1.0000 0.0001 0.0002 0.9259 0.8679 1.0000 1.0000 0.9949 0.0193 0.4844  

 

C NMS G6 69.400620 63.002592 75.798648 

D NMS G6 78.056033 71.980522 84.131543 

G NMS G7 53.894458 47.809167 59.979749 

H NMS G7 53.934989 47.807343 60.062634 

K NMS G8 70.367534 64.718885 76.016183 

L NMS G8 68.857052 62.279863 75.434242 

A SMS G6 78.781239 71.697585 85.864893 

B SMS G6 78.018681 72.058599 83.978763 

E SMS G7 83.039389 76.676558 89.402219 

F SMS G7 59.939872 53.831323 66.048420 

I SMS G8 66.029528 59.473334 72.585722 

J SMS G8 77.806547 70.319971 85.293123 

ClassID School Grade Test2 LSMEAN 95% Confidence Limits 
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Least Squares Means for Effect ClassI(School*Grade) 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 -8.655413 -24.001833 6.691008 

1 3 15.506162 0.768802 30.243522 

1 4 15.465631 0.843567 30.087695 

1 5 -0.966914 -15.128790 13.194962 

1 6 0.543568 -14.211341 15.298476 

1 7 -9.380619 -25.611038 6.849800 

1 8 -8.618061 -23.276755 6.040633 

1 9 -13.638769 -29.270456 1.992919 

1 10 9.460748 -5.191429 24.112926 

1 11 3.371092 -11.736431 18.478615 

1 12 -8.405927 -25.398202 8.586348 

2 3 24.161575 9.691917 38.631232 

2 4 24.121044 9.383955 38.858133 

2 5 7.688499 -6.381757 21.758755 

2 6 9.198980 -6.585114 24.983075 

2 7 -0.725206 -16.020283 14.569870 

2 8 0.037351 -14.197057 14.271760 

2 9 -4.983356 -18.986467 9.019755 

2 10 18.116161 3.470172 32.762149 

2 11 12.026505 -3.254164 27.307173 
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2 12 0.249486 -15.202855 15.701826 

3 4 -0.040531 -14.478696 14.397635 

3 5 -16.473076 -30.363150 -2.583002 

3 6 -14.962594 -29.898811 -0.026378 

3 7 -24.886781 -40.555711 -9.217850 

3 8 -24.124223 -38.391463 -9.856983 

3 9 -29.144931 -43.952326 -14.337535 

3 10 -6.045414 -20.466977 8.376150 

3 11 -12.135070 -27.088791 2.818651 

3 12 -23.912089 -40.129260 -7.694918 

4 5 -16.432545 -30.324726 -2.540363 

4 6 -14.922064 -29.676837 -0.167290 

4 7 -24.846250 -40.653857 -9.038643 

4 8 -24.083692 -38.407139 -9.760246 

4 9 -29.104400 -44.158628 -14.050172 

4 10 -6.004883 -20.415122 8.405356 

4 11 -12.094539 -27.008154 2.819075 

4 12 -23.871558 -40.322686 -7.420430 

5 6 1.510481 -12.825621 15.846583 

5 7 -8.413705 -23.661859 6.834449 

5 8 -7.651148 -21.408182 6.105887 

5 9 -12.671855 -27.082076 1.738366 

5 10 10.427662 -3.456854 24.312178 

5 11 4.338006 -10.084367 18.760378 

5 12 -7.439013 -23.298374 8.420347 

6 7 -9.924187 -26.453020 6.604647 

6 8 -9.161629 -24.046928 5.723671 

6 9 -14.182336 -30.228619 1.863946 

6 10 8.917181 -5.888941 23.723303 

6 11 2.827524 -12.397416 18.052464 

6 12 -8.949495 -26.332675 8.433686 
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7 8 0.762558 -14.733549 16.258664 

7 9 -4.258150 -19.900364 11.384065 

7 10 18.841367 3.083867 34.598867 

7 11 12.751711 -3.546064 29.049486 
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 12 0.974692 -15.992624 17.942008 

8 9 -5.020707 -19.604289 9.562874 

8 10 18.078809 3.779996 32.377623 

8 11 11.989153 -2.857863 26.836169 

8 12 0.212134 -15.797569 16.221838 

9 10 23.099517 8.129787 38.069247 

9 11 17.009861 1.425485 32.594236 

9 12 5.232842 -10.588631 21.054314 

10 11 -6.089656 -21.009519 8.830207 

10 12 -17.866675 -34.237874 -1.495476 

11 12 -11.777019 -28.715980 5.161942 
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Appendix S: Model 1. ANCOVA with Y= Avg2 and X=Avg1 

 

The 
GLM 

Proced
ure 

Least 
Square

s 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 

 
 

School 

 
 

Avg2 LSMEAN 

H0:LSMean1=LSMean2 

Pr > |t| 

NMS 71.3143597 <.0001 

SMS 79.4963326  

 

School Avg2 LSMEAN 95% Confidence Limits 

NMS 71.314360 69.573929 73.054790 

SMS 79.496333 77.577192 81.415474 

 

Least Squares Means for Effect School 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 -8.181973 -10.996325 -5.367621 
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The 
GLM 

Proced
ure 

Least 
Square

s 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 

School Grade Avg2 LSMEAN LSMEAN Number 

NMS G6 75.9519166 1 

NMS G7 65.5363421 2 

NMS G8 72.4548204 3 

SMS G6 84.2467065 4 

SMS G7 77.9961924 5 

SMS G8 76.2460990 6 
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Least Squares Means for effect School*Grade 
Pr > |t| for H0: LSMean(i)=LSMean(j) 

Dependent Variable: Avg2 

i/j 1 2 3 4 5 6 

1  <.0001 0.4961 0.0011 0.9161 1.0000 

2 <.0001  0.0075 <.0001 <.0001 0.0005 

3 0.4961 0.0075  <.0001 0.0997 0.6368 

4 0.0011 <.0001 <.0001  0.0356 0.0084 

5 0.9161 <.0001 0.0997 0.0356  0.9674 

6 1.0000 0.0005 0.6368 0.0084 0.9674  

 

School Grade Avg2 LSMEAN 95% Confidence Limits 

NMS G6 75.951917 73.204114 78.699719 

NMS G7 65.536342 62.528036 68.544648 

NMS G8 72.454820 69.607460 75.302181 

SMS G6 84.246707 81.249905 87.243508 

SMS G7 77.996192 75.120534 80.871850 

SMS G8 76.246099 72.700480 79.791718 

 

Least Squares Means for Effect School*Grade 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 10.415574 4.543247 16.287902 

1 3 3.497096 -2.219779 9.213971 

1 4 -8.294790 -14.236639 -2.352941 

1 5 -2.044276 -7.885937 3.797386 

1 6 -0.294182 -6.922189 6.333825 

2 3 -6.918478 -12.614663 -1.222294 

2 4 -18.710364 -24.989960 -12.430769 

2 5 -12.459850 -18.795563 -6.124138 

2 6 -10.709757 -18.038376 -3.381137 

3 4 -11.791886 -17.887147 -5.696625 

3 5 -5.541372 -11.648932 0.566188 

3 6 -3.791279 -10.845245 3.262687 

4 5 6.250514 0.251772 12.249257 
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4 6 8.000608 1.350780 14.650435 

5 6 1.750093 -4.535434 8.035621 
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Appendix T: Model 1. ANCOVA with Y= Avg2 and X=Avg1(class effect) 

 

The 
GLM 

Proced
ure 

Least 
Square

s 
Means 

Adjustment for Multiple Comparisons: 
Tukey-Kramer 

 

ClassID School Grade Avg2 LSMEAN LSMEAN Number 

C NMS G6 70.7737201 1 

D NMS G6 81.1301130 2 

G NMS G7 64.2339339 3 

H NMS G7 66.8387504 4 

K NMS G8 73.2623283 5 

L NMS G8 71.6473124 6 

A SMS G6 83.2971513 7 

B SMS G6 85.1962618 8 

E SMS G7 81.8588941 9 

F SMS G7 74.1334908 10 

I SMS G8 71.3184294 11 

J SMS G8 81.1737685 12 

 

Least Squares Means for effect ClassI(School*Grade) Pr 

> |t| for H0: LSMean(i)=LSMean(j) 

Dependent Variable: Avg2 

i/j 1 2 3 4 5 6 7 8 9 10 11 12 

1  0.0208 0.4915 0.9681 0.9991 1.0000 0.0057 <.0001 0.0188 0.9919 1.0000 0.1262 

2 0.0208  <.0001 0.0001 0.1484 0.0575 0.9999 0.9445 1.0000 0.3255 0.0342 1.0000 

3 0.4915 <.0001  0.9989 0.0498 0.2927 <.0001 <.0001 <.0001 0.0334 0.4941 0.0001 

4 0.9681 0.0001 0.9989  0.4577 0.8771 <.0001 <.0001 0.0002 0.3510 0.9609 0.0045 

5 0.9991 0.1484 0.0498 0.4577  1.0000 0.0459 0.0010 0.1206 1.0000 1.0000 0.4229 

6 1.0000 0.0575 0.2927 0.8771 1.0000  0.0164 0.0003 0.0509 0.9995 1.0000 0.2393 

7 0.0057 0.9999 <.0001 <.0001 0.0459 0.0164  1.0000 1.0000 0.1179 0.0103 1.0000 

8 <.0001 0.9445 <.0001 <.0001 0.0010 0.0003 1.0000  0.9915 0.0058 0.0003 0.9864 
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9 0.0188 1.0000 <.0001 0.0002 0.1206 0.0509 1.0000 0.9915  0.2452 0.0198 1.0000 

10 0.9919 0.3255 0.0334 0.3510 1.0000 0.9995 0.1179 0.0058 0.2452  0.9985 0.5874 

11 1.0000 0.0342 0.4941 0.9609 1.0000 1.0000 0.0103 0.0003 0.0198 0.9985  0.1046 

12 0.1262 1.0000 0.0001 0.0045 0.4229 0.2393 1.0000 0.9864 1.0000 0.5874 0.1046  

  

C NMS G6 70.773720 66.633579 74.913861 

D NMS G6 81.130113 77.360282 84.899944 

G NMS G7 64.233934 60.179635 68.288233 

H NMS G7 66.838750 62.678408 70.999093 

K NMS G8 73.262328 69.562280 76.962377 

L NMS G8 71.647312 67.469701 75.824923 

A SMS G6 83.297151 78.713345 87.880957 

B SMS G6 85.196262 81.329800 89.062723 

E SMS G7 81.858894 77.720534 85.997254 

F SMS G7 74.133491 70.184849 78.082133 

I SMS G8 71.318429 66.960989 75.675870 

J SMS G8 81.173769 76.015838 86.331699 

ClassID School Grade Avg2 LSMEAN 95% Confidence Limits 
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Least Squares Means for Effect ClassI(School*Grade) 

 
i 

 
j 

Difference Between 
Means 

Simultaneous 95% Confidence Limits 
for LSMean(i)-LSMean(j) 

1 2 -10.356393 -19.904608 -0.808178 

1 3 6.539786 -2.907427 15.986999 

1 4 3.934970 -5.532873 13.402813 

1 5 -2.488608 -11.619353 6.642137 

1 6 -0.873592 -10.424169 8.676984 

1 7 -12.523431 -22.995466 -2.051396 

1 8 -14.422542 -23.899436 -4.945647 

1 9 -11.085174 -21.220529 -0.949819 

1 10 -3.359771 -12.981450 6.261908 

1 11 -0.544709 -10.894735 9.805317 

1 12 -10.400048 -21.980049 1.179952 

2 3 16.896179 7.454399 26.337959 

2 4 14.291363 4.652185 23.930540 

2 5 7.867785 -1.091324 16.826893 

2 6 9.482801 -0.138212 19.103813 

2 7 -2.167038 -12.020425 7.686348 

2 8 -4.066149 -13.117266 4.984968 

2 9 -0.728781 -9.874253 8.416691 

2 10 6.996622 -2.119468 16.112713 

2 11 9.811684 0.357015 19.266353 
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2 12 -0.043656 -10.394568 10.307256 

3 4 -2.604817 -11.973445 6.763812 

3 5 -9.028394 -18.053016 -0.003773 

3 6 -7.413379 -16.864686 2.037929 

3 7 -19.063217 -29.438714 -8.687721 

3 8 -20.962328 -30.334704 -11.589952 

3 9 -17.624960 -27.657596 -7.592324 

3 10 -9.899557 -19.417553 -0.381561 

3 11 -7.084496 -17.334553 3.165562 

3 12 -16.939835 -28.426932 -5.452737 

4 5 -6.423578 -15.512751 2.665595 

4 6 -4.808562 -14.262971 4.645846 

4 7 -16.458401 -27.002632 -5.914170 

4 8 -18.357511 -27.855052 -8.859971 

4 9 -15.020144 -25.306390 -4.733897 

4 10 -7.294740 -16.956477 2.366996 

4 11 -4.479679 -14.962015 6.002657 

4 12 -14.335018 -26.127736 -2.542300 

5 6 1.615016 -7.536090 10.766122 

5 7 -10.034823 -19.983682 -0.085964 

5 8 -11.933933 -20.889877 -2.977990 

5 9 -8.596566 -18.111777 0.918645 

5 10 -0.871162 -9.960080 8.217755 

5 11 1.943899 -7.815669 11.703467 

5 12 -7.911440 -18.870203 3.047323 

6 7 -11.649839 -22.183867 -1.115810 

6 8 -13.548949 -23.070168 -4.027731 

6 9 -10.211582 -20.442278 0.019115 

6 10 -2.486178 -12.159566 7.187209 

6 11 0.328883 -10.108159 10.765925 

6 12 -9.526456 -21.223079 2.170167 

7 8 -1.899110 -11.947604 8.149383 
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7 9 1.438257 -8.733960 11.610474 

7 10 9.163661 -0.948890 19.276211 

7 11 11.978722 1.532180 22.425264 

 12 2.123383 -9.169416 13.416182 

8 9 3.337368 -6.161670 12.836405 

8 10 11.062771 1.805554 20.319988 

8 11 13.877832 4.109531 23.646133 

8 12 4.022493 -6.794502 14.839488 

9 10 7.725403 -1.801467 17.252273 

9 11 10.540465 0.862795 20.218135 

9 12 0.685126 -9.688898 11.059149 

10 11 2.815061 -6.988388 12.618511 

10 12 -7.040278 -17.839173 3.758617 

11 12 -9.855339 -20.565787 0.855109 
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Appendix U: Tables of Class Effect on Aggregate Scores 

The GLM Procedure 
 

Dependent Variable: AGS1 

 
 

Source DF Type III SS Mean Square F Value Pr > F 

School 1 132.3052960 132.3052960 8.65 0.0040 

Grade 2 151.5695291 75.7847646 4.95 0.0087 

Teache(School*Grade) 2 90.3086611 45.1543305 2.95 0.0565 

Class(Scho*Teac*Grad
) 

6 72.4725565 12.0787594 0.79 0.5801 

 
Dependent Variable: AGS2 

Source DF Type III SS Mean Square F Value Pr > F 

School 1 164.1543044 164.1543044 9.28 0.0029 

Grade 2 32.0479673 16.0239836 0.91 0.4074 

Teache(School*Grade) 2 95.0498686 47.5249343 2.69 0.0727 

Class(Scho*Teac*Grad
) 

6 166.8544280 27.8090713 1.57 0.1623 

 
Dependent Variable: AGS3 

Source DF Type III SS Mean Square F Value Pr > F 

School 1 545.1600641 545.1600641 31.21 <.0001 

Grade 2 240.1466657 120.0733329 6.87 0.0015 

Teache(School*Grade) 2 98.5906152 49.2953076 2.82 0.0638 

Class(Scho*Teac*Grad

) 

6 120.6192178 20.1032030 1.15 0.3382 

Note: p>α = .05 for the effects of class on each aggregate score. Fail to reject the null 

hypothesis and conclude this variable is not a significant factor in comparing mean responses 

over time.  
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Aggregate Scores Over Time 

The GLM 
Procedure 

Repeated Measures Analysis of Variance 

 

Repeated Measures Level Information 

Dependent Variable AGS1 AGS2 AGS3 

Level of time 1 2 3 

 
 
 
 
 
 

MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no time Effect 
H = Type III SSCP Matrix for time 

E = Error SSCP Matrix 
 

S=1 M=0 N=56 

Statistic Value F Value Num DF Den DF Pr > F 

Wilks' Lambda 0.86617933 8.81 2 114 0.0003 

Pillai's Trace 0.13382067 8.81 2 114 0.0003 

Hotelling-Lawley Trace 0.15449533 8.81 2 114 0.0003 

Roy's Greatest Root 0.15449533 8.81 2 114 0.0003 
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Appendix V: Repeated Measures Analysis (Student Survey Data, class effect removed) 

The 
UNIVARIATE 
Procedure Fitted 
Normal Distribution 
for AGS1 

 

Parameters for Normal 

Distribution Parameter Symbol Estimate 

Mean Mu 22.66116 

Std Dev Sigma 4.128264 

 

Goodness-of-Fit Tests for Normal Distribution 

Test Statistic p Value 

Kolmogorov-

Smirnov 

D 0.0864269

9 

Pr > D 0.025 

Cramer-von Mises W-Sq 0.1213653

0 

Pr > W-

Sq 

0.059 

Anderson-Darling A-Sq 0.7408733

2 

Pr > A-Sq 0.053 

 

Quantiles for Normal 

Distribution  

 

Percent 

Quantile 

Observed Estimated 

1.0 11.0000 13.0574 

5.0 15.0000 15.8708 

10.0 17.0000 17.3706 

25.0 20.0000 19.8767 

50.0 23.0000 22.6612 

75.0 26.0000 25.4456 

90.0 27.0000 27.9517 

95.0 29.0000 29.4515 
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The 
UNIVARIATE 
Procedure Fitted 
Normal Distribution 
for AGS2 

 

Parameters for Normal 

Distribution 
Parameter Symbol Estimate 

Mean Mu 23.29752 

Std Dev Sigma 4.441555 

 

Goodness-of-Fit Tests for Normal Distribution 

Test Statistic p Value 

Kolmogorov-

Smirnov 

D 0.0834960

6 

Pr > D 0.038 

Cramer-von Mises W-Sq 0.1138952

6 

Pr > W-

Sq 

0.076 

Anderson-Darling A-Sq 0.6880936

1 

Pr > A-Sq 0.075 

 

Quantiles for Normal 

Distribution  

 

Percent 

Quantile 

Observed Estimated 

1.0 12.0000 12.9649 

5.0 16.0000 15.9918 

10.0 17.0000 17.6054 

25.0 21.0000 20.3017 

50.0 24.0000 23.2975 

75.0 26.0000 26.2933 

90.0 29.0000 28.9896 

95.0 30.0000 30.6032 

99.0 32.0000 33.6301 
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The 
UNIVARIATE 
Procedure Fitted 
Normal Distribution 
for AGS3 

 

Parameters for Normal 

Distribution 
Parameter Symbol Estimate 

Mean Mu 22.56198 

Std Dev Sigma 4.743228 

 

Goodness-of-Fit Tests for Normal Distribution 

Test Statistic p Value 

Kolmogorov-

Smirnov 

D 0.0809423

6 

Pr > D 0.050 

Cramer-von Mises W-Sq 0.1059793

0 

Pr > W-

Sq 

0.095 

Anderson-Darling A-Sq 0.7201915

2 

Pr > A-Sq 0.061 

 

Quantiles for Normal 

Distribution  

 

Percent 

Quantile 

Observed Estimated 

1.0 10.00000 11.5276 

5.0 14.00000 14.7601 

10.0 17.00000 16.4833 

25.0 20.00000 19.3627 

50.0 23.00000 22.5620 

75.0 26.00000 25.7612 

90.0 28.00000 28.6407 

95.0 29.00000 30.3639 

99.0 31.00000 33.5964 
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C NMS G6 T2 69.400620 63.002592 75.798648 

D NMS G6 T2 78.056033 71.980522 84.131543 

G NMS G7 T4 53.894458 47.809167 59.979749 

H NMS G7 T4 53.934989 47.807343 60.062634 

K NMS G8 T6 70.367534 64.718885 76.016183 

L NMS G8 T6 68.857052 62.279863 75.434242 

A SMS G6 T1 78.781239 71.697585 85.864893 

B SMS G6 T1 78.018681 72.058599 83.978763 

E SMS G7 T3 83.039389 76.676558 89.402219 

F SMS G7 T3 59.939872 53.831323 66.048420 

I SMS G8 T5 66.029528 59.473334 72.585722 

J SMS G8 T5 77.806547 70.319971 85.293123 

 

Least Squares Means for Effect Class(Scho*Grad*Teac) 

 

i 

 

j 
Difference Between 

Means 
Simultaneous 95% Confidence 

Limits for LSMean(i)-
LSMean(j) 

1 2 -8.655413 -24.001833 6.691008 

1 7 -9.380619 -25.611038 6.849800 

1 8 -8.618061 -23.276755 6.040633 

2 7 -0.725206 -16.020283 14.569870 

2 8 0.037351 -14.197057 14.271760 
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3 4 -0.040531 -14.478696 14.397635 

3 9 -29.144931 -43.952326 -14.337535 

3 10 -6.045414 -20.466977 8.376150 

4 9 -29.104400 -44.158628 -14.050172 

4 10 -6.004883 -20.415122 8.405356 

5 6 1.510481 -12.825621 15.846583 

5 11 4.338006 -10.084367 18.760378 

5 12 -7.439013 -23.298374 8.420347 

6 11 2.827524 -12.397416 18.052464 

6 12 -8.949495 -26.332675 8.433686 

7 8 0.762558 -14.733549 16.258664 

9 10 23.099517 8.129787 38.069247 

11 12 -11.777019 -28.715980 5.161942 

 

 

 
 


