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Heart rate monitors (HRM) were used with 80 fifth grade students during an eight-day
basketball unit in one elementary school located in Otsego County, Michigan to see if the
implementation had any effect on increasing the intensity of the participating students.
Specifically, the HRM measured the amount of time the students were engaging in moderate to
vigorous physical activity (MVPA). It was hypothesized that with the use of HRM, students
would increase their MVPA and maintain that time in MVPA by the eighth day. The eight days
were split into four levels where students were introduced to a new feature of the HRM every
level: basic HRM, HRM with lights explained, HRM with projected data and instruction, and
HRM projected data maintenance. Results suggest that students show little interest in the
technology when introduced to the lights in level two (p>0.05). Results also show a decrease in
MVPA with the introduction of the projector on day five. However, after further use of the
projector the heart rates of the students increased significantly (p=0.01), suggesting it took some
time for these elementary students to gain an understanding of the technology. Once familiar,
however, the technology motivated them to greater levels of physical activity. The overall
influence of the data suggested a 44% positive linear trend (p=0.002). Therefore, when students
are introduced to HRM technology it may increase MVPA, but it can take some time.
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CHAPTER I
INTRODUCTION
Obesity and Technology
The United States is experiencing an obesity epidemic (Koplan, Kraak, & Liverman,
2005; Ogden, Carroll, Fryar, & Flegal, 2015; Strauss & Pollack, 2001). Among children,
“overweight can be defined as at or above the 95th percentile of the sex-specific body mass
index (BMI) for age growth charts” (Carroll, 2006, pg. 1549). From 1999 through 2014, obesity
prevalence increased among adults and youth (Ogden et al., 2015). Wilfley (2017) noted that the
prevalence of obesity has not decreased yet in America among children and adolescents since
2014. It is problematic that children who are obese tend to keep the weight into adulthood
(Carroll et al., 2010) resulting in high medical costs of $190.2 billion annually across the United
States (Cawley & Meyerhoefer, 2012). In 2011–2014, the prevalence of obesity was just over
36% in adults and 17% in youth (Ogden et al, 2015).
The rise of technology is having a negative impact on physical activity according to the
American Academy of Pediatrics (2006, pg.1835); “Children and youth are more sedentary than
ever with the widespread availability of television, videos, computers, and video games.” Living
a sedentary life is positively associated with obesity (Mitchell et al., 2009; c). Blair (2008),
argued that children who are obese are not obese because they are simply lazy, rather they are
obese due to the lack of physical activity. More recently, Cawley, Fritzvold & Meyerhoefer
(2013) concluded that increased time in physical education reduces the likelihood that young
1

children will become obese. Major health risks are associated with lack of physical education
like asthma, type-2 diabetes, depression, sleep apnea and certain cancers (De Koning &
Hu, 2011), but other reported causes of childhood obesity have been related to overconsumption
of unhealthy food, parental responsibility, modern technology and the mass media (Crawford,
Hardus, Vurren & Worsley, 2003). Carrel et al. (2005) reported that increases in physical activity
has shown positive health benefits in the areas of decreasing body fat, increasing cardiovascular
fitness and improvement in insulin levels.
Moderate to Vigorous Physical Activity
Increasing the time being active through physical activity and fitness, can lead to
additional improvements in health status (Warburton, Nicole & Bredin, 2006). Sixty minutes or
more of moderate to vigorous physical activity (MVPA) that is developmentally appropriate,
enjoyable, and involves a variety of activities is necessary to bring about the beneficial effects of
health (Ogden et al., 2015; Strong et al., 2005). Lack of MVPA is associated with obesity,
according to a cohort study among 12-year-olds (Blair et al., 2007). Chen, Kim & Gao (2014),
suggest that implementing physical education in schools can provide an opportunity for
increasing MVPA levels, which may decrease sedentary lifestyles.
Something needs to be done to fight back against the rising levels of obesity and
exploring what students are doing most days is one place to start. Students are at school seven to
eight hours each day, which is approximately 1/3 of a normal weekday (Koplan, Kraak &
Liverman, 2005). In the classroom, the majority of time is spent in sedentary activity, while
roughly 5% is in MVPA (Brown et al., 2006). Donnelly & Lambourne (2011, pg.36) suggested
that “physically active academic lessons of moderate intensity improved overall performance on
2

a standardized test of academic achievement by 6%.” Physical education can not only be an
option for increasing physical activity and meeting the 60 minutes of MVPA, but also an option
to improve academics.
Although technology has a negative connotation with decreasing physical activity,
students do have a fascination and love for new technology. Therefore, since students are drawn
to the use of technology, finding ways to implement it in physical education could spark interest
in increasing physical activity. Researching new ways to motivate students through technological
innovations like a heart rate monitor could be beneficial. Students can also be engaged in various
developmentally appropriate physical activities challenging their emotional, social, mental and
physical well-being necessary for living a healthy and active lifestyle. It is during physical
education that students can be encouraged and motivated by HRM to strive for increased
physical activity and time in MVPA.
Purpose of Study
The purpose of the study was to examine the effect that heart rate monitor use has on
students’ physical activity intensity during elementary physical education. This study asked if
HRM were a viable option to use in a physical education setting to help motivate students to
reach MVPA. With the rise of technology leading to lack of physical activity, especially MVPA,
this study created an opportunity to implement technology in the physical education setting to
combat the ensuing crisis of physical inactivity. It is recommended by the Centers for Disease
Control and Prevention (Ogden et al., 2015) that 60 minutes of MVPA be implemented each day.
This study provides a way to gather explicit evidence of how much MVPA each student
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participates in during regular physical education classes, and therefore provides an opportunity to
help reach the 60-minute goal within the educational setting of school.
Significance of the Study
The public has addressed the question, “Is physical education really benefiting the
students?” Since physical education is not a core subject, and is not on standardized tests across
the nation, it has lacked the evidence of its effectiveness for students in the educational system
(Siedentop, 2009). The U.S. Department of Health and Human Services (2010) recommend that
50% of the physical education class be spent in MVPA. Therefore, this study examined the
implementation of heart rate monitors to measure the intensity at which students were
participating during class. If teachers know the intensity of students’ activity, then measurable
data are available to represent students’ effort in class. If students are reaching MVPA in class,
they are more likely to reap the health benefits associated with being active. Therefore,
implementing new and creative ways to spark students’ interest in being physically active, like
using a heart rate monitor, can help teach students to value their bodies and overall health.
Hypotheses and Variables
There are two research questions that guided this inquiry. First, did the use of HRM in
5th grade physical education classes increase the time students spent in MVPA? Second, was
MVPA of the students maintained from day five through day eight? The hypotheses for this
study are: 1) There will be a significant increase (P<0.05) in MVPA from students wearing the
HRM in level 1 to seeing their heart rate projected on the wall in level 3. 2) There will be a
significant difference (P<0.05) in MVPA when students when look for a purple light on their
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HRM (level 2) compared to just wearing the HRM (level 1). 3) After the sixth day of using the
HRM (level 3), students will maintain MVPA until the end of the 8 th day (P<0.05).
The intensity of the students during the physical education class was measured by the
HRM in beats/min. The independent variable was the use of the HRM in the physical education
classroom and had four levels. Level 1 consisted of the students wearing the HRM, with no
information about the HRM other than it measures their heart rate. Level 2 consisted of students
wearing the HRM, and receiving explanations of what the lights on the HRM mean: blue means
below age-specific MVPA (<120 bpm), purple means in MVPA range (120-180 bpm), and red
means above MVPA (>180 bpm). Level 3 consisted of wearing the HRM, knowing what the
lights mean, and the heart rate being projected in class, so all students could see their heart rate
and how long they were exercising at MVPA. Level 4 consists of knowing the lights and the
projector, and receiving maintenance via reminders of the display throughout class. Students
were encouraged to get their heart rate in the MVPA range, which would turn their box projected
on the wall yellow, if reached.
The dependent variable was the amount of time spent in MVPA. The aim was to reach
MVPA, which was chosen to be 60-85% of max heart rate [220 - age] x 0.6 and [220-age] x 0.85
(American Heart Association, 2016). Since the ages of all the students were between 10 and 12
years old, 11 was chosen as the median, so the range of MVPA was rounded to be 120-180
beats/min.

5

CHAPTER II
LITERATURE REVIEW
Physical Activity and the Teacher
Physical education provides an opportunity that engages students in positive learning
about their health and well-being. Teachers play an important role in educating students by
encouraging physical activity. Many physical education teachers hope that by measuring the
levels of the students’ physical activity during physical education classes, they will be able to
monitor how much exercise students are receiving during their classes (Hardman, Horne &
Rowlands, 2009). McKenzie & Lounsbery (2013) examined teacher effectiveness as being a
means of promoting and administering physical education in a public health context. Through
several surveys and examination of records, it was suggested that physical education is not given
enough funding, and students are not in class long enough to reap the benefits and decrease their
sedentary lives. Most importantly, McKenzie & Lounsbery (2013) concluded that physical
education teachers need to make the most of the opportunity by developing activities within the
classroom that promote physical fitness and motor skill development. Furthermore, since the
U.S. Department of Health and Human Services (2010) recommend that 50% of the physical
education class be spent in MVPA, teachers should try to implement more physical activity
programs that allow students to be physically active in their MVPA range.
The importance of teacher interaction and lesson context as an influence on the activity
levels of students was examined by Roberts & Fairclough (2011). They wanted to see if teachers
6

changing the sports within the class had an effect on the level of activity. Thirty different sports
were analyzed using a System for Observing the Teaching of Games in Physical Education
(SOTGPE). Results showed that striking and fielding games showed the least amount of activity
and more importantly, that the highest recorded teacher interactions occurred when the teacher
was reinforcing technical behavior of the students. It was suggested that the teacher plays an
important role in the students’ behavior and the level of activity. Therefore, the teacher should
provide ample opportunities to keep students moving when they are participating in less active
sports & games, and when waiting for instruction or their turn to participate in motor
performances.
Assor, Kaplan, Kanat-Maymon & Roth (2005) examined teacher behavior on students’
motivation by controlling teacher behaviors. Controlling the teacher behaviors was examined as
frequent commands, interfering with the pace of learning and not allowing critical and
independent opinions. Results showed that controlling teacher behaviors of 319 Israeli–Jewish
elementary school students in 4th and 5th grade had a negative effect on their motivation,
engagement and emotions. Based on Assor et al’s findings, the present study did not try to
change teacher behaviors to increase motivation. Although Assor et al. (2005) examined
motivation, they did not examine how the teacher impacted the intensity of the students via the
influence on MVPA. For this reason, it is significant to note the importance of teacher behavior
on influencing students’ motivation, but more research is needed to see the effect that has on
MVPA, in the physical education setting.
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Structure and Curriculum
Physical education classes that are poorly structured have been shown to result in
significantly less physical fitness improvements (Starc & Strel, 2012). Fairclough & Stratton
(2005) showed that more vigorous activity was evident with a structured physical education class
with higher activity levels. Szakály et al. (2016) detected that using HRM in the physical
education setting, helped show different activities’ effects on the children’s heart rates. Through
various activities like gymnastics, mixed activities, ball games, athletics, and games it was
evident that among 109 primary school children age 10-12 years, the lowest heart rate values
were during gymnastics and the highest values were during the game activities and athletics. It
was evident that the lessons with high heart rate values tended to contribute to the cardiovascular
endurance, while lower heart rate tended to focus more on skill lessons. Furthermore, Clapham,
Sullivan, & Chiccomascolo (2015) examined if the type of physical activity changed student
intensity measured by HRM and pedometers. In a suburban community, 106 fourth and fifth
grade students were examined to see if there was an increase in physical activity participation
due to technological devices and/or teacher instruction. Results showed that the combination of
HRM, pedometers, and meaningful feedback on how to interpret the data showed a positive
effect on the amount and level of physical activity among the students. Students were found to be
more motivated by the interpretation of the data and by trying to reach their target heart rate zone
then by how physically active they were.
Heart Rate Monitors Impact
“Technology has great potential for creating a meaningful connection with students, but
implementation of these tools must also be carefully and consistently applied for the maximum
8

benefits to be realized” (Partridge, King, Bian, 2011, pg. 40). Implementing HRM is one tool
that can be used in the physical education setting. Nicols et al. (2009) found students to feel
empowered when a HRM is used to assess their own performance. In a study by Lassell (2006)
five of six children who used HRM were able to learn self-regulating behaviors that increased
MVPA. Self-efficacy information from four sources (past performance, vicarious experience,
verbal persuasion and physiological states) were gathered and contributed to positive feedback
and increased motivation for the students in grades four and five. Tozer (2009) found that among
second graders the use of HRM was found to be effective. Students could distinguish between
high and low numbers and with little instruction, explain why they received high or low numbers
in comparison to physical activity levels. If students in second grade, after only 4 days of using
HRM, can learn so much, then working with fifth graders will provide an opportunity to explore
more about the benefit of increasing HR and striving to reach their target heart rate zone.
Surapiboonchai, Furney, Reardon, Eldridge, & Murray (2012) examined the use of the
Simple Activity Measurement (SAM) tool to asses MVPA in physical education classrooms.
SAM is an observation tool that allows examiners to measure the amount of MVPA in a cost
effective and convenient way. Forty-eight students from third grade to tenth grade participated
in a PE setting. It was found that 88.5% of elementary students were engaged in MVPA and only
36.5% of high school students were in MVPA. The use of SAM was found to be a significant
predictor (r=0.555, r2=0.308, p<0.05) for HR, using linear regression. Although, Surapiboonchai
and associates showed positive results for this tool, it is found to provide the basic minutes spent
in MVPA and general management information. The weaknesses, however, are the data is all
observed qualitatively. While using HRM may be more expensive, data are immediately
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obtained and quantified relative to MVPA levels. Students can immediately see what their heart
rate is via a monitor, versus the SAM tool where they never see their data displayed in class.
Physical Activity and Academic Benefits
To expand the awareness of physical activity’s benefits, much research has been done to
examine the benefits of physical activity on academic achievement. Donnelly & Lambourne
(2011) examined student intensity in the classroom setting and its effect on academic
achievement in a three-year randomized trial of 24 elementary schools. Changes in fitness and
fatness (body mass index (BMI)) were compared with changes in academic achievement in the
schools that received the Physical Activity Across the Curriculum (PAAC). Among the 24
schools, 14 received PAAC and 10 control schools did not receive the PAAC treatment. The
study examined the effects of implementing physical activities in math, language arts,
geography, history, spelling, science, and health classes by providing 90 minutes of MVPA each
week during academic lessons (Donnelly & Lambourne, 2011). The results showed that MVPA
in the classroom, significantly improved academic scores and had a positive change in students’
fitness and fatness.
Similarly, Mullender-Wijnsma et al. (2015) examined the effects of physical activity in
the classroom on academic performance. Second and third grade classes in six different schools
were included in the study. Teachers would teach a lesson that included numerous physical
movements and activities such as jumps, skips and hops. Students were observed by their on-task
behavior and the level of intensity, or the extent to which they were in their MVPA range.
Students were given a pre-test and post-test in math and language. During the study, children’s’
on task behavior was above 70% with 64% of the lesson spent in MVPA. Ultimately, the
10

conclusions were that MVPA had significant influence on academic achievement among the
third graders. Mullender-Wijnsma et al. (2015) and Donnelly & Lambourne (2011) both
emphasized the impacts of physical activity in the classroom, which was crucial to supporting
the benefits of physical activity/MVPA on academic achievement.
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CHAPTER III
METHOD OF THE STUDY
Participants
One teacher provided a three-week unit on basketball, with classes meeting three times
each week for 30 minutes. There were 80 total student participants in the study from three fifth
grade classes in an elementary school located in Otsego County, Michigan. Class lists were
collected from the instructor of the fifth-grade physical education classes with each student being
given a code to protect students’ identity. Each student was given a heart rate monitor with a
code associated with their number on the class list.
HSIRB and Informed Consent
Human Subjects Institute Review Board (HSIRB) approval was obtained before research
was started (see Appendix A). Written permission from the elementary school principal for the
collection of heart rate data in the fifth-grade classes was obtained prior to the start of the study
(see Appendix B). Written consent forms for parents and assent forms for students were sent
home and were to be returned to school before the end of the study (see Appendix B for consent
forms). This timing was to allow for any student or parent who did not wish to have the students’
data included to withdraw from participation at any time during the study. No parent or student
declined the use of the data, therefore all students participated in class as usual, wearing the
HRM and all data were included in the study.
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There were no known risks associated with the use of HRM, beyond mild discomfort at
the forearm if the strap was applied too tight. Students were taught to correctly put on the
armbands to minimize the potential for discomfort. No known risks beyond those generally
found in a regular physical education class were evident. All data, upon collection were sent to a
single file on Western Michigan University’s database managed by the principal and student
investigator that was password-protected. All research data obtained at the end of the study will
be destroyed, including consent documents, after the 3-year mandated period at WMU.
Instruments
The Heart Zones PE app from Upbeat Workouts (2016) was used to track the heart rates
of each student, each day. Thirty Heart Zones Blink Armbands were used for each class, with
each student being given one of the HRM, which they strapped to their arm at the beginning of
each class. Students wore the armbands on the upper part of their forearm, so it was out of the
way. These monitors were all activated by pressing and holding the middle button until lights
started flashing. Each monitor was connected to the data collector, known as the bridge, which
saved the data and sent it to an iPAD for display. Once class was finished, data were saved on
the iPAD, and students would press their HRM button down again until a solid red light was on,
let go, and the HRM would turn off. The students had no data collection responsibilities other
than pressing the button to turn the HRM on and off. Starting the fifth day of class, a projector
was used to display the students’ heart rates on a wall, with only the HRM number visible, no
names. Students partook in an individually prescribed instructional (IPI) basketball unit, which
created a structure of stations within the classroom to keep students as active as possible.
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Research Design
Eight 30-minute class sessions were observed for each fifth-grade class over a three-week
period. The first two days consisted of the students wearing the HRM. No information about the
HRM other than it measured their heart rate was given, which provided baseline heart rate data.
Days three and four consisted of students wearing the HRM, and getting an explanation of what
the HRM lights meant: blue means lower than moderate intensity (<120 bpm), purple means in
MVPA (120-180 bpm), and red means above MVPA (>180 bpm). Days five and six consisted of
students wearing the HRM, knowing what the lights mean, and having all students’ heart rates
projected on the wall in class. All students could see their heart rate and how long they were
exercising in MVPA. Days seven and eight consisted of knowing the lights and the projector,
and receiving maintenance via reminders of the display throughout class.
The experimental design was focused on a group time sample design. The experimental
groups were those receiving the Heart Rate Monitors (Class 1, 2, 3). The time refers to the eight
days over the three weeks. Heart rate was retrieved from students each day, and compared
among the four different levels over the three-week period (see Table 1 below).
Table 1. Experimental Design
Experimental Design
Week 1
Day1 Day2
Class
1
Class
2

Level 1
HRM Only

Week 2
Day3

Day4

Level 2
HRM
Lights
explained

Week 3
Day 5

Day6

Level 3
HRM
Projected in class, with
instruction

Day7

Day8

Level 4
HRM
Projected in class
Maintenance

Class
3
14

Data Analysis
Excel (v16.0) was used to organize all the data from each class. IBM SPSS (v23) was
used to test for significance of the variables. The hypotheses were tested using One-way
ANOVA with repeated measures on time (ANOVA-RM). The total time students were in MVPA
was averaged for each day then added to the other day in each subsequent level to give a total
time in MVPA for each level. The students’ total time in MVPA (min) was compared using
pairwise comparisons from each level to each other level. For example, days one and two total
average time in MVPA (TAT) was compared to days three and four TAT, five and six TAT, and
seven and eight’s TAT to see if a significant difference was evident. Graphs were then examined
of the comparison of the four levels and separate days, to determine if there was a trend among
the data whether linear (straight line), quadratic (curved) and/or cubic (wavy curve). Due to a
snow day on day four, data for one of the classes was lost, resulting in a total of only 54 students
in the data analysis. The results expand on how this unexpected situation was further analyzed.
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CHAPTER IV
RESULTS
The results of this study were broken down into two scenarios. First, the results were
analyzed for the 80 subjects, but SPSS(v23) excluded 26 subjects’ data resulting in 54 subjects,
due to the missing day four data for class one. This scenario kept the original experimental
design, but decreased the originally intended number of subjects. Second, the results were
analyzed ignoring day four for all three classes and simply analyzing the results with only seven
days instead of eight days. Furthermore, since day four was ignored, day five also was ignored
when comparing the levels, to maintain the consistent two days for each level. This kept the
originally intended number of subjects (n=80), but changed the experimental design by
eliminating the second level of instruction (light function of HRM).
Scenario One
Time Spent in MVPA
The TAT for each level, was compared using ANOVA-RM on time. When analyzing the
results, Mauchly's Test of Sphericity indicated that the assumption of sphericity had been
violated (variance differences of the levels are not equal), χ2(5) =32.357, p < .0005, and therefore
degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (ϵ = 0.724).
The results show there was a significant effect of the use of HRM on time, F (2.173, 115.18) =
4.90, p =.007 (see Appendix C, Table C1 and C2 for full results). These results suggested the use
of HRM was significant (p<0.5) in influencing the students’ heart rate and thus the amount of
16

time spent in MVPA. Since there was a significant difference between the use of HRM in a fifthgrade class and the impact of time spent in MVPA, it was important to examine the pairwise
comparison of the data (see Table 2 below), to see where the differences occurred.
Table 2. Pairwise Comparisons of Four HRM Levels
Pairwise Comparisons of Time MVPA for Four HRM Levels

(I)
(J)
Mean
TotalTime TotalTime Difference (I-J)
1

2

3

4

95% Confidence Interval for
Difference
Std. Error

Sig.

Lower Bound Upper Bound

2

-1.290

1.023

.213

-3.342

.761

3

.575

1.385

.680

-2.203

3.354

4

-4.438*

1.650

.010

-7.747

-1.129

1

1.290

1.023

.213

-.761

3.342

3

1.865

1.231

.136

-.604

4.335

4

-3.148

1.814

.089

-6.787

.491

1

-.575

1.385

.680

-3.354

2.203

2

-1.865

1.231

.136

-4.335

.604

4

-5.013*

1.339

.000

-7.700

-2.327

1

4.438*

1.650

.010

1.129

7.747

2

3.148

1.814

.089

-.491

6.787

3

5.013*

1.339

.000

2.327

7.700

*. The mean difference is significant at the .05 level. Level 1: HRM only; Level 2: HRM and
lights; Level 3: HRM, lights and projector; Level 4: HRM projector maintenance
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An examination of Table 2 reveals significant differences occurred between levels one
and four (p=0.01) as well as between levels three and four (p<0.001). It was important then to
examine the graph of the means for the four levels (see Figure 1 below).

Figure 1. Total Time in MVPA for the Four levels
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Figure 1 shows the change in heart rate over the span of the four levels. Increases in time
spent in MVPA are evident between level one (M=22.17, SD=9.03 min) and level 2 (M=23.46,
SD=8.94 min), as well as an increase from level three (M=21.60, SD= 6.84 min) to level four
(M=26.61, SD=9.79 min). It is important to note the drop in MVPA from level two to level
three. The overall trends of Figure 1 show a positive increase among the levels of time spent in
MVPA as the use of the HRM was increased and more fully explained (see Table 3 below).
Table three breaks down the influence of each trend, which shows a 44% positive linear trend.
However, when examining the cubic trend (wavy curve) even with a smaller influence of 33%, a
power of 0.899 is evident with a significance of p = .002. This suggests that the cubic trend may
have a more significant influence on the data.
Table 3. Trends Among Heart Rate Levels
Trends Among Heart Rate Levels
Type III
Sum of
Squares

Percentage

F

Sig.

Observed
Power

Source

Trend

Time MVPA

Linear

353.881

44%

3.957

.052

.497

Quadratic

187.135

23%

3.635

.062

.465

Cubic

271.853

33%

10.878

.002

.899

Percentage of Time in MVPA
The percentage of time spent in MVPA for the two days at each level was averaged to
give a total percentage of time spent in MVPA for each subsequent level. Table 4 (see next page)
shows the descriptive statistics for the percentage of time spent in MVPA at each level. Note the
drop in the number of subjects due to averaging the days. Levels one through three showed
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percentage of time in MVPA quite close, while level four showed a greater percentage of time
spent in MVPA.
Table 4. Percentage of Time in MVPA
Percentage of Time in MVPA
Mean%

Std.
Deviation

N

Lev1

.5931

.12437

33

Lev2

.5956

.14612

33

Lev3

.5915

.13842

33

Lev4

.6772

.11736

33

After analyzing the differences among the percentage of time in MVPA, there was a
significant difference after Mauchly's Test, which indicated that the assumption of sphericity had
been violated, χ2(5) =11.139, p = .049, and therefore degrees of freedom were corrected using
Greenhouse-Geisser estimates of sphericity (ϵ = 0.800). The results show there was a significant
effect of the use of HRM on the percentage of time spent in MVPA, F (2.40, 76.80) =
6.28, p=.002 (see Appendix C, Table C3 and C4 for full results). Figure 2 shows the percentage
of time in MVPA among the four levels.
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Figure 2. Percentage of MVPA Among the Four Levels

The only significant differences among the four levels were between levels one and four
(p =.015) and levels three and four (p =.012) (see Appendix Table C5 for full results), which was
similar in results to that obtained when examining the total time spent in MVPA (see Table 2,
page 17). A positive linear influence, p=.006, with an observed power of 0.817 was evident (see
Appendix C, Table C6).
MVPA for Each Day
Analyzing the time spent in MVPA for each day (see Figure 3 on next page), we can see
there is a drop around days four, five and six after day three, followed by a substantial spike to
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days seven and eight.

Figure 3. Total Time in MVPA for Each Day

The descriptive statistics for the total time in MVPA for each day are provided (see Table
5 on next page). Note the jump from day one (M=10.85, SD=4.65 min) to day eight (M=13.61,
SD=6.10 min), a difference of about 2.76 minutes. In other words, there was approximately two
minutes and forty-five seconds of an increase in time spent in MVPA.
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Table 5. Descriptive Statistics for MVPA for Each Day
Descriptive Statistics for MVPA for Each Day
Std.
Deviation

N

Day1Z2 10.8466

4.64992

54

Day2Z2 11.3281

5.63106

54

Day3Z2 12.5377

6.01039

54

Day4Z2 10.9272

5.07647

54

Day5Z2 11.1296

4.92026

54

Day6Z2 10.4698

4.95890

54

Day7Z2 13.0037

5.14137

54

Day8Z2 13.6090

6.10407

54

Mean

*Z= Zone 2, which is MVPA zone
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Scenario Two

Time Spent in MVPA
Scenario two was an alternate approach to the analyses where day four was eliminated for
all classes resulting in a N=80, instead of N=54. This slightly changed the outcome of the results.
Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been violated,
meaning the F-statistic is valid, χ2(2) =0.723, p=697, and therefore degrees of freedom were not
corrected (see Appendix D, Table D1). When the assumption of sphericity has not been violated,
the results show there was a significant effect of the use of HRM on time in MVPA, F (2, 158)
=5.38, p =.006 (see Appendix D, Table D2, for full results). The differences, when analyzing the
pairwise comparisons (see Table 6 below) occurred between the same levels of Scenario one:
Levels one and four (p=.007), and levels three and four (p =.006).
Table 6. Pairwise Comparisons of Time MVPA Between Three Levels
Pairwise Comparisons of Time MVPA Between Three Levels
Mean
Difference (IJ)

95% Confidence Interval for
Difference

(I) TTime

(J) TTime

1

3

-.133

1.249

.916

-2.619

2.353

4

-3.747*

1.354

.007

-6.443

-1.051

1

.133

1.249

.916

-2.353

2.619

4

-3.614*

1.285

.006

-6.172

-1.056

1

3.747*

1.354

.007

1.051

6.443

3

3.614*

1.285

.006

1.056

6.172

3

4

Std. Error

Sig.

Lower Bound Upper Bound

*. The mean difference is significant at the .05 level.
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When looking at the graph of the three levels (see Figure 4 below) a much different result
is seen than that obtained in scenario one. A small increase is shown in time spent in MVPA
between levels one (M=23.52, SD=8.93 min) and three (M=23.66, SD=8.94 min), as well as a
much larger and significant (p=.007) increase from level three (M=23.52, SD=8.93 min) to level
four (M=27.27, SD=10.11 min). The overall trends shown in Figure 4 reveal a positive increase
across treatment levels (see Table 7 below). Table 7 breaks down the influence of each trend,
which shows that the graph in Figure 4 depicts a 77% influence for a linear trend, power of 0.780
is evident with a significance of p = .007. This suggests that there is a significant positive linear
influence on the data.

Figure 4. Total Time in MVPA for Three Levels
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Table 7. Trends Among HR Levels Scenario Two
Trends Among HR Levels Scenario Two
Type III
Sum of
Squares

Percentage

F

Sig.

Observed
Powera

Source

TMVPA

TMVPA

Linear

561.625

78%

7.654

.007

.780

Quadratic

161.588

22%

2.642

.108

.362

Percentage of Time in MVPA
When analyzing the percentage of time in MVPA Mauchly's Test indicated that the
assumption of sphericity had not been violated, χ2(2) =5.627, p = .060, and therefore degrees of
freedom were not corrected. Sphericity is assumed, and the results show a significant effect of
the use of HRM on the percentage of time spent in MVPA, F (2, 98) = 5.46, p=.006 (see
Appendix D, Table D3 and D4 for full results). Figure 5 (on next page) shows the percentage of
time in MVPA among the three levels.
Table 8. Mean % MVPA Three Levels
Mean % MVPA Three Levels
Mean

Std.
Deviation

N

Lev1

.6157

.12723

50

Lev3

.6238

.14458

50

Lev4

.6767

.12671

50
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Figure 5. Percentage of MVPA Among the Three Levels

Significant differences were found between levels one and four (p =.008) and levels three
and four (p =.015) (see Appendix Table D5 for full results), which was similar to the results
obtained when examining the total time spent in MVPA for scenario two and for scenario one in
both the Total time and percent of time spent in MVPA. A positive linear influence is noticeable
again, p=.008, with an observed power of 0.767 (see Appendix D, Table D6). Note the graph is
more linear due to level two missing; however, it is important to note an overall positive
increasing influence over the span of the levels.
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MVPA for the Seven Days
Analyzing the time spent in MVPA for the seven days (see Figure 6 below), there is still
a significant drop around days five and six, leading to some questions. However, there is still a
spike to days seven and eight that was similar to the eight-day graph of Total Time MVPA (see
Figure 3 on page 21). From day seven to eight there is a short dip in total time in MVPA, which
differs from scenario one, where the MVPA continued to increase until the end.

Figure 6. Total Time in MVPA for Seven Days
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When looking at the descriptive statistics of the MVPA over the seven days (see Table 9
below) there are some important findings. There is an increase from day one to day three, as well
as decreases from day three to days five and six. A quick increase in MVPA is evident from day
six to seven, and then a slight drop from day seven to eight. Day one to day eight shows an
increase of 2.2 minutes in MVPA. Day seven was slightly higher than eight, showing an increase
of 2.92 minutes, which is a similar finding to that found in scenario one (see Table 5 on page 23).
Statistics for MVPA for Seven Days
Table 9. Descriptive Statistics for MVPA for Seven Days
Descriptive Statistics for MVPA for Seven Days
Mean

Std.
Deviation

N

Day1Z2

11.0702

4.68921

80

Day2Z2

12.4525

5.95441

80

Day3Z2

12.8431

5.83309

80

Day5Z2

11.8825

5.36801

80

Day6Z2

11.7731

5.97164

80

Day7Z2

13.9983

5.15800

80

Day8Z2

13.2715

7.13003

80

*Z=Zone 2, which is time in MVPA zone
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CHAPTER V
DISCUSSION
Hypothesis One
The hypothesis that there would be a significant increase (p<0.05) in MVPA from
students wearing the HRM in level one to seeing their heart rate projected on the wall in level
three was not supported by the data, in either scenario (p = 0.68, p=0.92). In fact, the actual time
in MVPA of the students dropped slightly from levels one (M=22.17, SD=9.03 min) to three
(M=21.60, SD= 6.84 min). Scenario two showed a minimal increase in the average time spent in
MVPA between levels one (M=23.52, SD=8.93 min) and three (M=23.66, SD=8.94 min). It
appears that when the students were first introduced to the projector and HRM on day five of
level three, their HR decreased for scenario one by ≈34s, and increased slightly by ≈8s in
scenario two. Reasons for this could be that the technology itself can be slightly overwhelming at
first. The projected material portrays quite a bit of information and numbers that can be
confusing to the students, which seems to have resulted in no significant impact on MVPA.
Another possible explanation for the drop-in HR may be that the lesson content choice
may not have been the best for the day. Since mentioned in the literature review that the structure
and lesson content play an important part in increasing MVPA, the lessons for days five and six
were not the greatest for optimal MVPA. The lesson for day five was the skill of performing the
foul shot and day six was learning the games lightning and PIG, neither of which are very
physically active games. When observing the students, it was evident that a lot of teacher
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explanation and demonstrations were provided, with students standing and even laying down at
times (see Appendix E for lesson details). Therefore, the results provide evidence there was not a
significant increase in HR immediately following the display of HR on the wall. However, this
could, in part, be due to the lesson content or lack of simple explanation for the display details.
Furthermore, level four also used the projector for displaying the HR and time participating in
MVPA. Therefore, the use of displaying HR for the students on the wall should not be totally
rejected due to the jump that occurs between level three and four. This is explained further in
Hypothesis three.
Hypothesis Two
The hypothesis that there would be a significant difference (P<0.05) in MVPA when
students looked for a purple light on their HRM (level 2) compared to just wearing the HRM
(level 1) is not supported by the data. Although the results show a slight increase in the time
spent in MVPA, it is not significant (p=.213). The data suggest that explaining to the students
about the light color on the HRM may only slightly increase the time students spent in MVPA,
but does not suggest a significant influence on the intensity at which the students participated.
Examining the fourth day of the study, which was the second day of level 2, a sudden
drop from day three (M=12.54, SD=6.01) to day four (M=10.93, SD=5.07) was observed and
may suggest the influence of the HRM light mechanism was not very motivating for students
after a brief time. When observing the day four lesson, it was not evident that the students were
too thrilled about the light mechanism. It appeared students did not look at the HRM often, and
therefore, were not that motivated by it possibly because they were not yet able to see their HR
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projected on the wall. Therefore, encouraging students to look at the light on the HRM may not
be the best influence to increase students’ intensity during physical education class.
Hypothesis Three
The hypothesis, that an increase in MVPA after the sixth day through the end of day eight
would be observed was supported by the analyses conducted for scenario one, but not scenario
two. Interestingly, when comparing level one (M=22.17, SD=9.03 min) to level four (M=26.61,
SD=9.79 min) in scenario one, there was a significant increase in time spent in MVPA
(p=0.001). The large spike in MVPA on the seventh day leads to the acceptance of the third
hypothesis because after the sixth day of using the HRM, students did maintain an increased
level of MVPA until the end of 8th day in scenario one only.
The difference between levels three and four is significantly different for both scenarios
(p=0.001, p=0.006), but due to the low HR levels achieved in level three a huge spike is evident
leading to an increase in MVPA. Upon the displaying of HR and time in MVPA in level three,
students may not have understood the display details and may have been minimally influenced to
increase physical activity intensity. However, after two days the students started to catch on and
seemed to understand the details presented on the projected material in class. When observing
the classes, it was evident the students were not looking at the teacher as much due to looking at
the display. The students were constantly moving arms and jogging on the spot compared to
standing still on previous days. The data suggests that the students possibly understood much
more about the new technology and were beginning to increase their intensity by spending about
6-8% more time in MVPA (on average from both scenarios). In the span of a 30minute lesson
that reflects an average increased time of 2-2 ½ minutes longer in MVPA.
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Research Question 1
Did the use of HRM in 5th grade physical education classes increase the time students
spent in MVPA? The results suggest that after using the HRM for a total of eight days, the
students in this study did show an increase in HR, total time and percentage of time in MVPA. In
both scenarios, the overall trend was a positive increase (p=.002) from just using the HRM to
seeing the HR displayed on the wall. This suggests that the use of the HRM and projector to
display HR and time in MVPA provided a positive influence on students’ physical activity
intensity. It is not suggested by the results that teachers rely on the data from the lights on each
individual’s HRM (during level two) to motivate students. Rather, the recommendation is that
teachers get right to using the projector, so students can visually see their HR and how they are
doing in regard to time spent in MVPA. Emphasizing the importance of getting yellow to show
on the display and staying in his/her own MVPA range is more important than explaining the
benefit of getting points or trying to get the highest HR you can. Overall, students may take time
to adjust to the visual display, but in time students may be motivated and HR of the students can
increase.
Research Question 2

Is students’ MVPA maintained from day five through day eight? The results suggest that MVPA
was not maintained from day five through eight, rather a maintained increase of MVPA was
evident after the sixth day in scenario one, not scenario two. The introduction of the projected
data may be confusing or a hindrance at first, but students do get used to it and benefit greatly
from the ability to see their individual HR and time spent in MVPA.
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Limitations and Assumptions

There were 30 heart rate monitors programmed for use in three different fifth grade classes
totaling 80 students, which created a smaller sample size. Due to a snow day, data were lost with
one whole class, resulting in not only losing the data, but reducing the sample size to 54. For
measuring the percent of MVPA to obtain the average over each level, students had to be there
both days. Students who missed classes reduced the sample sizes to 33, and 50, respectively for
those studies. Results were taken from the fifth grade only, reducing the transferability to the
greater educational community. Participants were students, who missed class/es, which created
missing data for those individuals and thus resulted in varying sample sizes depending on the test
used. The heart rate monitors were not perfect, as some cut in and out, fell off or turned off
suddenly and had to be turned on again. An assumption made was that the results from the
sample are representative of the greater population of those in fifth grade because the study can
be replicated and all students are roughly the same age—10 to 12 years old.
Recommendations for Further Research
Further research using HRM is needed to grasp exactly what is occurring in the physical
education classroom, specifically related to students’ physical activity intensity. Teachers could
be encouraged to use HRM to evaluate and gain valuable data of the students’ intensity during
the class. Also, finding new and innovative ways to motivate students to be physically active is
always needed. Using new technology in the physical education setting can be helpful to increase
HR, but it can take time for students to get used to and understand it. After analyzing the students
heart rate in this study, it would be interesting to know what exactly the students were doing
while participating in the physical education class. We understand that the structure, choice of
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sport, and teacher interactions can impact instruction and learning in a multitude of ways.
However, if we use HRM and measure the behavior of the student and the teacher during the
class, it would be interesting to see what the students are doing that is potentially increasing or
decreasing their HR. Further research around using HRM and analyzing student and teacher
behavior would be valuable to enhancing student performance within the classroom. Lastly,
more research can be done to analyze the HR of students beyond the fifth-grade class. Simply
strapping the HRM on the students can give valuable information for all teachers to see exactly
how their students are performing in class.
Another measurement obtained from the HRM data, but not examined was individual
Peak Heart Rate (PHR). The graph (Appendix F) presents a similar trend in data as the other
graphs in the study, showing that on average students had high PHR at the beginning, but then
when introduced to the lights during level 2 PHR dropped, then steadily increased toward the end
of level four. For this study’s purpose, PHR was not explained further, but is more for
informational purposes or for future research.

35

REFERENCES
American Academy of Pediatrics, (2006). Active healthy living: prevention of childhood obesity
through increased physical activity. American Academy of Pediatrics, 117(5).
American Heart Association. (2016). Target Heart Rates. Retrieved from
http://www.heart.org/HEARTORG/HealthyLiving/PhysicalActivity/FitnessBasics/Target
-Heart-Rates_UCM_434341_Article.jsp#.WNxw2fkrKM8
Assor, A., Kaplan, H., Kanat-Maymon, Y., & Roth, G. (2005). Directly controlling teacher
behaviors as predictors of poor motivation and engagement in girls and boys: The role of
anger and anxiety. Learning and Instruction, 15(5), 397-413.
http://dx.doi.org.libproxy.library.wmich.edu/10.1016/j.learninstruc.2005.07.008
Blair, S.N., Ingle, S., Leary, S.D., Mattocks, C., Ness, A.R., Reilly, J.J., Riddoch, C., et al.
(2007). Objectively measured physical activity and fat mass in a large cohort of children.
MedScape Today, 4(3).
Blair, S. (Producer). (2008, March 26). Dean's hour [Audio Podcast]. Exercise is Medicine.
Brown, W. H., Pfeiffer, K. A., Mclver, K. L., Dowda, M., Almeida, M. J., & Pate, R. R. (2006).
Assessing preschool children's physical activity: The observational system for recording
physical activity in children-preschool version. Research Quarterly for Exercise and
Sport, 77(2), 167-176. doi:10.1080/02701367.2006.10599351
Carrel, A., Clark, R.R, Peterson, S.E., Nemeth, B.A., Sullivan, J., Allen, D.B. (2005).
Improvement of Fitness, Body Composition, and Insulin Sensitivity in Overweight

36

Children in a School-Based Exercise Program. Pediatric and Adolescent Medicine, 159,
963-968.
Carroll, M.D., et al. (2006). Prevalence of overweight and obesity in the United States; 19992004. The Journal of the American Medical Association, 295(13), 1549- 1555.
Carroll, M.D. et al. (2010). Prevalence of high body mass index in us children and adolescents,
2007-2008. The Journal of the American Medical Association, 303(3), 242-249.
Cawley, J., Fritzvold, D., & Meyerhoefer, C. (2013). The impact of physical education on
obesity among elementary school children. Journal of Health Economics, 32(4), 743-755.
Retrieved from http://www.nber.org/papers/w18341.pdf
Cawley J, & Meyerhoefer C. (2012). The medical care costs of obesity: an instrumental variables
approach. Journal of Health Economics. 31(1):219-230.
Chen, S., Kim, Y., & Gao, Z. (2014). The contributing role of physical education in youth's daily
physical activity and sedentary behavior. BMC Public Health, 14, 110-2458-14-110.
doi:10.1186/1471-2458-14-110
Clapham, E. D., Sullivan, E. C., & Ciccomascolo, L. E. (2015). Effects of a physical education
supportive curriculum and technological devices on physical activity. The Physical
Educator, 72, 102+. Retrieved from
http://digitalcommons.uri.edu/cgi/viewcontent.cgi?article=1007&context=kinesiology_fa
cpubs

Crawford, D., Hardus, P.M., Vurren, C.L., & Worsley, L. (2003). Public perceptions of the
causes and prevention of obesity among primary school children. International Journal of
Obesity, 27, 1465-1471
37

De Koning, L., & Hu, F.B. (2011). Commentary: Obesity-years—a new metric to
measure health effects of obesity. International Journal of Epidemiology, 40, 996–997.
Donnelly, J. E., & Lambourne, K. (2011). Classroom-based physical activity, cognition, and
academic achievement. Preventive Medicine, 52, Supplement, S36-S42. Retrieved from
https://www.researchgate.net/publication/49798765_Classroombased_physical_activity_cognition_and_academic_achievement
Fairclough, S., & Stratton, G. (2005). Physical activity makes you fit and healthy. Physical
educations contribution to young people’s physical activity levels. Health Education
Research: Theory and Practice, 20(1), 14-23.
Hardman, C.A., Horne, P.J., & Rowlands, A.V. (2009). Childrens' pedometer-determined
physical activity during school-time and leisure-time. Journal of Science and Fitness,
7(2), 129-134.
Lassell, D. D. (2006). Heart rate monitor feedback and children's levels of physical
activity (Order No. 3251856). Available from ProQuest Dissertations & Theses A&I;
ProQuest Dissertations & Theses Global. (305251561). Retrieved from
http://libproxy.library.wmich.edu/login?url=http://search.proquest.com.libproxy.library.w
mich.edu/docview/305251561?accountid=15099
Koplan, J.P, Kraak, V.I., & Liverman, C.T. (2005). Preventing childhood obesity: health in
balance. Washington, D.C.: The National Academies Press.
McKenzie, T. L., & Lounsbery, M. A. F. (2013). Physical education teacher effectiveness in a
public health context. Research Quarterly for Exercise and Sport, 84(4), 419-430.
http://dx.doi.org.libproxy.library.wmich.edu/10.1080/02701367.2013.844025

38

Mitchell, J. A., Mattocks, C., Ness, A. R., Leary, S. D., Pate, R. R., Dowda, M., … Riddoch, C.
(2009). Sedentary Behaviour and Obesity in a Large Cohort of Children. Obesity (Silver
Spring, Md.), 17(8), 1596–1602. http://doi.org/10.1038/oby.2009.42
Mullender-Wijnsma, M. J., Hartman, E., de Greeff, J. W., Bosker, R. J., Doolaard, S., &
Visscher, C. (2015). Improving academic performance of school-age children by physical
activity in the classroom: 1-year program evaluation. Journal of School Health, 85(6),
365-371.
Ogden C.L., Carroll M.D., Fryar C.D., Flegal K.M. (2015) Prevalence of obesity among adults
and youth: United States, 2011–2014. NCHS data brief, no 219. Hyattsville, MD:
National Center for Health Statistics. Retrieved from
http://www.cdc.gov/nchs/data/databriefs/db219.pdf
Partridge, J. A., King, K. M., & Bian, W. (2011). Perceptions of heart rate monitor use in high
school physical education classes. Physical Educator, 68(1), 30-43. Retrieved from
http://libproxy.library.wmich.edu/login?url=http://search.proquest.com.libproxy.library.w
mich.edu/docview/911809012?accountid=15099
Roberts, S., & Fairclough, S. (2011). Observational analysis of student activity modes, lesson
contexts and teacher interactions during games classes in high school (11-16 years) physical
education. European Physical Education Review, 17(2), 255-268.
http://dx.doi.org.libproxy.library.wmich.edu/10.1177/1356336X11420222
Siedentop, D. L. (2009). National plan for physical activity: Education sector. Journal of
Physical Activity & Health, 6 Suppl 2, S168-80. Retrieved from
http://fitnessforlife.org/AcuCustom/Sitename/Documents/DocumentItem/17558.pdf

39

Starc, G., & Strel, J. (2012). Influence of the quality implementation of a physical education
curriculum on the physical development and physical fitness of children. BMC Public
Health, 12(61). doi:10.1186/1471-2458-12-61
Strauss, R.S., & Pollack, H.A. (2001). Epidemic increase in childhood overweight, 1986-1998.
The Journal of American Medical Association, 286(22), 2845-2848.
Strong, W. B., Malina, R. M., Blimkie, C. J., Daniels, S. R., Dishman, R. K., Gutin, B., . . .
Trudeau, F. (2005). Evidence based physical activity for school-age youth. The Journal
of Pediatrics, 146(6), 732-737. doi:S0022347605001009
Surapiboonchai, K., Furney, S.R., Reardon, R.F., Eldridge, J., & Murray, T.D. (2012) "SAM: A
tool for measurement of moderate to vigorous physical activity (MVPA) in school
physical education," International Journal of Exercise Science, 5(2), Article 5.
Szakály, Z., Bognár, J., Barthalos, I., Ács, P., Ihász, F., & Fügedi, B. (2016). Specific heart rate
values of 10-12-year-old physical education students during physical activity. Journal of
Physical Education and Sport, 16(3), 800-805.
http://dx.doi.org.libproxy.library.wmich.edu/10.7752/jpes.2016.03127
Tozer, C. L. (2012). Second grade students' cognitive understanding of heart rate monitors and
pedometers (Order No. 1514615). Available from ProQuest Dissertations & Theses A&I;
ProQuest Dissertations & Theses Global. (1030962001). Retrieved from
http://libproxy.library.wmich.edu/login?url=http://search.proquest.com.libproxy.library.w
mich.edu/docview/1030962001?accountid=15099
Upbeat Workouts. (2016). Heart Zones PE (Version 1.7.1) [Mobile application software].
Retrieved from https://itunes.apple.com/

40

U.S. Department of Health and Human Services. (2010). Strategies to Improve the Quality of
Physical Education. Centers for Disease Control and Prevention. Retrieved from
https://www.cdc.gov/healthyyouth/physicalactivity/pdf/quality_pe.pdf
Warburton, D. E. R., Nicol, C. W., & Bredin, S. S. D. (2006). Health benefits of physical
activity: the evidence. CMAJ: Canadian Medical Association Journal,174(6), 801–809.
http://doi.org/10.1503/cmaj.051351
Wilfley, D. E., Staiano, A. E., Altman, M., Lindros, J., Lima, A., Hassink, S. G., . . . The
Improving Access and Systems of Care for Evidence-Based Childhood Obesity Treatment
Conference Workgroup. (2017). Improving access and systems of care for evidence-based
childhood obesity treatment: Conference key findings and next steps. Obesity, 25(1), 16-29.
doi:10.1002/oby.21712

41

APPENDIX A
HSIRB Approval Form

42

APPENDIX B
Consent Forms
Principal Approval Letter

43

Parent Form

44

Student Form

45

APPENDIX C
Scenario One Tables
Mauchly's Test for the Time Spent in MVPA
Table C1
Within Subjects
Effect
TimeMVPA

Mauchly's
W
.535

Approx.
ChiSquare

Epsilon
df

32.357

Sig.
5

Greenhouse
-Geisser

.000

.724

HuynhFeldt
.756

Lowerbound
.333

Greenhouse-Geisser Correction of Time in MVPA
Table C2
Type III
Sum of
Squares

Source
TimeMVPA

Mean
Square

df

F

Partial
Eta
Observed
Sig. Squared Power

Sphericity
Assumed

812.869

3

270.956 4.900 .003

.085

.904

GreenhouseGeisser

812.869 2.173

374.055 4.900 .007

.085

.820

8792.90
2

159

55.301

8792.90 115.1
2
76

76.343

Error(TimeM Sphericity
VPA)
Assumed
GreenhouseGeisser
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Mauchly's Test of Sphericity for % MVPA
Table C3
Within Subjects
Effect

Mauchly's
W

%MVPA

.696

Epsilon

Approx.
ChiSquare

df

11.139

Sig.
5

Greenhouse
-Geisser

.049

.800

HuynhFeldt
.869

Lowerbound
.333

Greenhouse-Geisser Correction of % MVPA
Table C4
Type
III Sum
of
Squares

Source
%MVPA

df

Mean
Square

F

Partial
Eta
Noncent. Observed
Sig. Squared Parameter Powera

Sphericity
Assumed

.174

3

.058 6.27 .001
7

.164

18.832

.960

GreenhouseGeisser

.174 2.40
0

.072 6.27 .002
7

.164

15.065

.923

.887

96

.009

.887 76.7
98

.012

Error(PercM Sphericity
VPA)
Assumed
GreenhouseGeisser
a. Computed using alpha = .05
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Pairwise Comparisons of % MVPA
Table C5

(I) PercMVPA (J) PercMVPA
1

2

3

4

Mean
Difference
(I-J)

95% Confidence Interval
for Difference
Std. Error

Lower
Bound

Sig.

Upper
Bound

2

-.002

.020

.900

-.043

.038

3

.002

.021

.941

-.041

.044

4

-.084*

.026

.002

-.136

-.032

1

.002

.020

.900

-.038

.043

3

.004

.019

.829

-.034

.042

4

-.082*

.030

.010

-.142

-.021

1

-.002

.021

.941

-.044

.041

2

-.004

.019

.829

-.042

.034

4

-.086*

.026

.002

-.138

-.034

1

.084*

.026

.002

.032

.136

2

.082*

.030

.010

.021

.142

3

.086*

.026

.002

.034

.138

*. The mean difference is significant at the .05 level.
Trends % MVPA
Table C6
Type III
Sum of
Squares

F

Sig.

Partial
Eta
Squared

Noncent. Observed
Parameter Power

Source

PercMVPA

%MVPA

Linear

.102 8.733

.006

.214

8.733

.817

Quadratic

.057 5.113

.031

.138

5.113

.592

Cubic

.015 3.109

.087

.089

3.109

.402
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APPENDIX D
Scenario Two Tables
Mauchly's Test of Sphericity for Time in MVPA
Table D1

Within Subjects
Effect

Mauchly's
W

TMVPA

Epsilon

Approx.
ChiSquare

.991

df

.723

Greenhouse
-Geisser

Sig.
2

.697

HuynhFeldt

.991

Lowerbound

1.000

.500

Greenhouse-Geisser Correction of Time MVPA
Table D2
Type III
Sum of
Squares

Source
TMVPA

Mean
Square

df

F

Partial
Eta
Noncent. Observed
Sig. Squared Parameter Powera

Sphericity
Assumed

723.213

2 361.607 5.376 .006

.064

10.751

.837

GreenhouseGeisser

723.213 1.982 364.945 5.376 .006

.064

10.653

.834

Error(TM Sphericity
VPA)
Assumed
GreenhouseGeisser

10628.3
94

158

67.268

10628.3 156.5
94
55

67.889

a. Computed using alpha = .05
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Mauchly's Test of Sphericity % MVPA
Table D3

Within Subjects
Effect

Mauchly's
W

PMVPA

Approx.
ChiSquare

.889

5.627

Epsilon
df

Sig.
2

Greenhouse
-Geisser

.060

.900

HuynhFeldt
.933

Lowerbound
.500

Greenhouse-Geisser Correction % MVPA
Table D4
Type III
Sum of
Squares

Source
PMVPA

Error(PM
VPA)

Mean
Square

df

F

Partial
Eta
Noncent. Observed
Sig. Squared Parameter Powera

Sphericity
Assumed

.110

2

.055 5.464 .006

.100

10.929

.839

Greenhouse
-Geisser

.110 1.801

.061 5.464 .007

.100

9.840

.808

Sphericity
Assumed

.982

98

.010

Greenhouse
-Geisser

.982 88.23
9

.011

a. Computed using alpha = .05
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Pairwise Comparisons for % MVPA
Table D5
95% Confidence Interval for
Difference

Mean
Difference
(I-J)

(I) PMVPA

(J) PMVPA

1

3

-.008

.016

.626

-.041

.025

4

-.061*

.022

.008

-.106

-.016

1

.008

.016

.626

-.025

.041

4

-.053*

.021

.015

-.095

-.011

1

.061*

.022

.008

.016

.106

3

.053*

.021

.015

.011

.095

3

4

Std. Error

Sig.

Lower Bound Upper Bound

*. The mean difference is significant at the .05 level.

Trends for % MVPA
Table D6

Source

PMVP
A

Type III
Sum of
Squares

PMVPA

Linear

.093

1

.093 7.533

.008

.133

7.533

.767

Quadrat
ic

.017

1

.017 2.163

.148

.042

2.163

.303

.604

49

.012

.378

49

.008

Error(PMV Linear
PA)
Quadrat
ic

Mean
Square

df

F

Sig.

Partial
Eta
Noncent. Observe
Squared Parameter d Powera

a. Computed using alpha = .05
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APPENDIX E
Lesson Content
Table E1
Day

Lesson Content

1

Chest Pass/Bounce Pass

2

Dribbling

3

Lay-ups

4

Set- shot

5

Free Throw

6

Game Pig and Lightning

7

Stations (passing, dribbling, lay-ups, pig, and lightning)

8

Stations (passing, dribbling, lay-ups, pig, and lightning)

52

APPENDIX F

Peak Heart Rate

Figure F1. Peak HR for the HRM levels
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