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ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY AND WEIGHT STATUS

WITH GRADE-SCHOOL PERFORMANCE

Taylor E. Panfil
56 Pages May 2015
Physical activity and weight status are predictive of childhood health, but more recent
research suggests they may also be associated with academic success.
PURPOSE: To explore the relationships between physical activity, weight status, and
academic performance in children, accounting for parental education level.
METHODS: 614 third-to-fifth grade children (53.9% female, age 9.6 & 0.9 years) from
two Midwestern communities participated. Physical activity was assessed using a
Digiwalker 200-SW pedometer worn for seven consecutive days. Teachers provided an
estimate of general academic performance, and children were categorized into three
performance groups (high, moderate, low). School behavior (attentiveness, staying on
task, interruptive behavior) was assessed by the teacher. Weight status (normal weight,
overweight, obese) was determined by body mass index percentile. Logistic regression
was used to analyze the relationships among physical activity, weight status, self-reported
parental education level, and academic performance.
RESULTS: Approximately 1 in 3 children were overweight or obese (29.6%). Nearly
half (44.6%) of the subjects averaged > 12,000 steps per day, meeting physical activity

recommendations. A crude logistic model revealed obesity was predictive and physical



activity was not predictive of being in the moderate/low academic performance groups,
odds ratio (OR [95% CI]) = 1.88 (1.1-3.3) and 1.0 (0.7-1.4), respectively. However,
parental education was a stronger predictor, where those with parents who attended high
school, some college, or obtained a two-year college degree being more likely to be in the
moderate/low academic performance group, OR = 3.1 (1.5-6.5), 2.9 (1.6-5.2), and 2.4
(1.3-4.4), respectively. In a full model, including weight status, physical activity, and
parental education, the latter attenuated the impact of obesity. Parental education
remained significant, OR = 3.0 (1.4-6.2), 2.8 (1.5-5.0), and 2.3 (1.2-4.2) for those who
attended high school, some college, and obtained two-year degree, respectively. In a full
model, including physical activity, weight status, parental education, and school behavior
variables, not meeting physical activity recommendations was predictive of less
interruptive behavior, whereas those with parents who attended high school were more
likely to interrupt others, OR= 0.7 (0.5-0.9) and 2.1 (1.1-4.2), respectively.
CONCLUSION: Weight status, and not physical activity, was predictive of academic
performance, with obese children being approximately two-times less likely to receive
higher grades compared to normal weight children. When accounting for parental
education, neither weight status nor objectively measured physical activity were
associated with grade-school performance. Though physical activity was not associated
with academic performance overall, less active children were less likely to disturb others.
However, parental education level was the strongest predictor of grade-school

performance and classroom behavior in all analyses.
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CHAPTER I

REVIEW OF RELATED LITERATURE

Introduction

It is estimated that 22-39% of U.S. youth are sufficiently active according to the
current physical activity recommendations of partaking in at least 60 minutes of physical
activity on each day of the week (6). In a sample of 811 U.S. youth, children were
sedentary an average of 6 hr/day’!, as defined by generating less than 100 activity
counts/minute while wearing an Actigraph accelerometer, which increased into
adolescence by approximately 2 hr/day™! (20). Along with these physical inactivity
inclinations, the prevalence of overweight and obese youth has increased in recent years.
It is estimated that 31.8% of children and adolescents ages 2-19 are overweight or obese
according to the 2011-2012 National Health and Nutrition Examination Survey (5). This
prevalence has increased from 30% in 2005-2006, 28.1% in 1999-2000, and 23.0% in
1988-1994. These increases are due to the rising prevalence in obesity (10.0% in 1998-
1994, 13.9% in 1999-2000, 15.4% in 2005-2006, and 16.9% in 2011-2012) as the
frequency of overweight children and adolescents remained stable. The occurrence of
overweight/obesity follows the trend of inactivity by increasing with age as 8.4%, 17.7%,

and 20.5% of children ages 2-5, children ages 6-11, and adolescents ages 12-19,



respectively, were obese in 2011-2012 (5). The prevalence of overweight/obesity in
youth has been shown to track into adulthood as well. In a sample of 854 U.S. children,
approximately 80% of those who were overweight during adolescence were obese in
young adulthood (21-29 years of age) (28). The odds of adulthood obesity increased with
each subsequent age range as obese children ages 6-9 and adolescents ages 10-14 were
10.3 and 28.3 times more likely to be obese as adults, respectively, compared to
children/adolescents of a normal weight status. Obesity in childhood can also lead to
chronic diseases in adulthood. In a study utilizing 745 children and adolescents (mean
age = 12.7 years), weight status was the strongest predictor of developing clustering of
metabolic syndrome risk factors (high body mass index (BMI), fasting insulin, systolic
blood pressure, and total cholesterol to HDL cholesterol ration) in adulthood (25).
Children in the top BMI quartile were 11.7 times more likely to develop clustering in
adulthood compared to children in the lowest BMI quartile. Coronary heart disease in
adulthood has been linked to childhood obesity as well as the risk for coronary heart
disease increased with subsequent increases in BMI and age for boys and girls (2). To
add to these problems, opportunities for physical activity are being removed from
schools. In 2006, approximately 4% of elementary schools, 8% of middle schools, and
2% of high schools provided daily physical education (17).

Regular physical activity is a preventive measure in youth to decrease the risk of
obesity along with other chronic diseases. Along with the many health benefits of
physical activity, cognitive benefits have been examined as well. Habitual physical
activity has been found to have a positive association with cerebral blood flow and

cognitive performance in healthy individuals (13). Volunteer physical activity in rats has
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demonstrated short- and long-term increases in the quantity and regulation of brain-
derived neurotrophic factor (BDNF), which enhances learning and cognition (8). In
children ages 9-10, higher aerobic fitness levels, as defined by a higher VO2max value,
were associated with increases in hippocampal volume, which plays an important role in
memory recall (7). Further, integrating 30 minutes of physical activity a day, 3 days a
week into the classroom curricula for approximately 12 weeks resulted in significantly
better general intelligence and cognitive ability test scores compared to children not
receiving physical activity in the classroom (23).

The associations between physical activity, weight status, and academic
performance, including classroom behaviors such as attentiveness, time-on-task, and
disruptive behavior, have been researched in recent years in children and adolescents.
This research has yielded inconsistent results and utilized various methods in measuring
each variable. The aim of this review is to analyze the past research on physical activity,
weight status, and academic performance in children and adolescents.

Activity Monitor Measures and Academic Performance

Activity monitors are the criterion-referenced standard for physical activity
measurement in this research because it is a direct measure of an individual’s physical
activity. Accelerometers and pedometers are monitors that are commonly used as
objective measures in research. Pedometers are worn on an individual’s hip and measure
the amount of steps taken in a given period of time. Accelerometers measure steps as well
as the metabolic equivalents (METs) of the activity. Activity levels can then be quantified
based on intensity (light, moderate, and vigorous). These monitors will yield more

objective and accurate assessments of subjects’ physical activity as opposed to self-report
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measures, such as physical activity questionnaires. Few studies to date have utilized
objective measures of physical activity in examining the relationship between physical
activity, weight status, and academic performance. In those studies utilizing activity
monitors, mixed results have been found.

Reed et al. (23) examined the impact of integrating physical activity with the
elementary curriculum on academic performance. Subjects were 155 randomly selected
3" grade students from 6 classrooms. 3 of the classrooms were randomly assigned to the
Control Group (CG) (n = 75; 56% male), and 3 classrooms (n = 80; 57% male) were
randomly assigned to the Experimental Group (EG). Fundamental skills, such as running,
hopping, and walking, were incorporated into the EGs’ core classes (Language Arts,
Math, Social Studies, and Science) approximately 30 minutes a day, 3 days a week for 3
months. Teachers of the EG classrooms partook in 2 training sessions prior to and 2
sessions during the study on how to integrate physical activity into their lessons. Random
observations by the researchers were conducted to ensure procedures were being
followed. Physical activity in the EG was assessed via a Yamax New Lifestyles Digi-
Walker SW-200 pedometer, which was worn on the subjects’ hip, during each integrated
lesson. The pedometer was set to zero before each lesson, and steps were recorded by the
teacher following each lesson. Physical activity outside of school and the subjects’
perceptions of physical activity were assessed using the Previous Day Physical Activity
Recall (PDPAR), which was administered during the first and last week of the study. A
standardized statewide test, Palmetto Achievement Challenge Test (PACT), was used as
a measurement of academic achievement. This was administered one week after the final

day of the intervention.



Subjects in the EG averaged 1,146 steps (standard deviation [SD] = 356 steps)
each intervention day. Subjects in the EG had a greater percentage receive “Proficient”
and “Advanced” marks in all subject areas on the PACT than subjects in the CG.
Significant differences between the groups were found only for the Social Studies PACT
scores, t = 2.936, p = 0.004. In regards to the PDPAR, both groups exhibited increases in
physical activity from the initial administration to the second administration of the
PDPAR. Despite the increases, there were no significant differences between groups at
both administration periods.

Integrating physical activity into the classroom can have positive effects on
academics. Though significant differences were found only for the Social Studies test
scores, greater percentages of subjects in the EG received higher scores in all test areas.
Reed et al. (23) used a control group which helps to strengthen the results and serves as a
comparison for the experimental group. A limitation to this study is that pre- and post-test
comparisons could not be computed for the PACT scores because this test does not begin
until 3" grade. The researchers found no significant main effect differences or between-
subject effects pre-intervention for the EG and CG by gender, BMI, age, and ethnicity.
Therefore, the researchers felt confident making the above comparisons.

Kwak et al. (15) explored the associations between different intensity levels of
physical activity and academic achievement. It was also examined if cardiovascular
fitness was a mediator in the physical activity-academic achievement relationship.
Subjects were 232 9™ grade students (15-16 years old; 120 females) from 14 randomly
selected schools in Sweden. Academic achievement was assessed via grades for 17

school subjects. There are 4 categories of credit points for each subject (0, 10, 15, and
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20), and the sum of the grades for each subject was used as the dependent variable.
Subjects wore a WAM 7164 accelerometer on the right hip for a minimum of 10 hours
per day for 4 consecutive days with at least 1 day being a weekend day. MET values were
calculated using the Trost equation, which takes into account steps counts per minute, to
classify activity as being light (< 3 METs), moderate (3-6 METs), or vigorous (= 6
METs). Subjects’ cardiovascular fitness was quantified as their maximal power output on
a cycle ergometer. Workload was increased by 50 watts for boys and 40 watts for girls
every 3 minutes until exhaustion. Differences between intensity levels, as well as sex,
were analyzed and linear regression analysis was conducted. Potential cofounders, such
as mother’s education level, family structure, and parental monitoring, were included in
the regression analysis.

For girls, only vigorous physical activity was significantly associated with
academic achievement (r = 0.30, p < 0.01). The association remained significant with the
inclusion of fitness (r = 0.23, p < 0.05), and explained variance in academic achievement
increased from 26% to 29%. Adding fitness as a variable in the regression model shows
that fitness is not significantly associated with academic achievement. Therefore, the
vigorous activity-academic achievement association is not mediated by fitness. With the
potential confounders included in the analysis, the physical activity and academic
performance association maintained significance. For boys, academic achievement was
significantly associated with pubertal phase (genital development), r = 0.25, p <0.05.
With the inclusion of fitness, only fitness was significantly associated with academic

achievement (r = 0.25, p <0.05), and explained variance increased from 26% to 30%.



Kwak et al. (15) pinpointed a specific intensity level for girls that is correlated
with better grades. In girls, participating in more frequent vigorous physical activity is
associated with academic achievement. Though the association was significant, the
strength of association was low-to-moderate. For boys, a significant association was not
found between intensity level and academic achievement. This can be due to different
physiological and psychological mechanisms, such as brain growth factors and self-
esteem, in boys and girls, even though boys participated in significantly more vigorous
physical activity per day (boys = 16 min [SD = 12], p <0.01; girls = 12 min [SD = 11]).
Cardiovascular fitness was significantly associated with academics in boys but not girls.
This shows that boys who are more physically fit in terms of cardiovascular fitness tend
to do better academically. The non-significant association in girls can be due to their low
average fitness level, 170 watts (SD = 29.9).

The inclusion of potential confounders in this study helps to strengthen the
results. It shows that the relationship between intensity level/cardiovascular fitness and
academic achievement is not mediated by socioeconomic variables. In using a direct
measurement of physical activity, these results may be more superior to those studies
using self-report measures. A limitation in using accelerometers, though, is activities such
as cycling and swimming are not measured. Therefore, the subjects’ activity time may be
underestimated. Also, measuring 1 week, or in this instance, 4 days, may not be sufficient
enough to depict the subjects’ actual activity patterns. Finally, the cross-sectional study
design disallows casual conclusions of the physical activity-academic achievement

relationship from being drawn. Therefore, it cannot be concluded whether more time



spent participating in vigorous physical activity in girls or having better cardiovascular
fitness in boys results in academic success.

LeBlanc et al. (16) and Syvioja et al. (26) conducted cross-sectional studies
utilizing the ActiGraph GT1M and objective academic achievement measures to examine
the physical activity-academic achievement relationship that yielded similar results.
LeBlanc et al. (16) conducted their study with 4™-6" grade students (n = 261) from rural
Louisiana schools. The sample was 66.3% female and 76.3% African American.
Academic achievement was measured by criterion-referenced standardized tests, which
tested the students in English/language arts, mathematics, science, and social studies.
These tests are given annually, and scores were obtained from the Louisiana Department
of Education. Physical activity was assessed via an ActiGraph GT1M accelerometer,
which was worn over 3 consecutive weekdays. Inclusion criteria for the ActiGraph
included at least 10 hours of wear time a day, which excluded consecutive zeroes,
erroneous data, and self-reported sleep time, and at least 2 complete days of wear. Step
counts per minute were used in the Trost equation to determine the intensity of physical
activity. Moderate and vigorous activity were combined (MVPA) into one category.
MVPA was calculated as step counts greater than 100, and sedentary behavior (SED) was
calculated as counts less than 100. The subjects’ free/reduced lunch status (130-185%
below the poverty line) was utilized as a potential confounding variable.

Syvioja et al. (26) utilized 277 volunteer 5" and 6™ grade students (154 female)
from 5 Finnish schools. Students’ grade-point average (GPA), which was provided by the
education services in the schools’ city, was used as the measurement of academic
achievement. The Finnish GPA scale is from 5-10, with 5.0-5.9 equaling a 1.0 in United
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State GPA and 9.0-10.0 equaling a 4.0. Physical activity was assessed via the Actigraph
GT1M accelerometer, which was worn on the subjects’ right hip for 7 consecutive days.
Data was included if the subjects wore the accelerometer for at least 500 min-d™' on 2
weekdays and 1 weekend day. Intensity of physical activity was measured via step counts
per minute. 2296 counts per minute was considered MVPA, and the criteria for sedentary
time was the same as LeBlanc et al. (16). Children were classified into groups depending
on the amount of measured MVPA (<47 min, 47.1-65.0 min, and > 65.1 min) and
sedentary time (< 38.4%, 38.5%-41.4%, and > 41.5%) per day. Parental education level
was included in the analysis as a potential confounder.

Both studies found no associations between MVPA or SED and academic
achievement after controlling for their respective socioeconomic (SES) variables. In
LeBlanc et al. (16), bivariate correlations between MVPA and each academic test
resulted in r =-0.15, -0.09, -0.11, and -0.08 for English/language arts, math, science, and
social studies, respectively. Very weak associations were also found between SED and
English/language arts, math, science, and social studies, r = 0.11, 0.05, 0.06, and 0.07,
respectively. Free/reduced lunch status was found to be significantly correlation with
academic test achievement (r = 0.19-0.28). Correlations in Syvéoja et al. (26) showed no
significant association between MVPA (p = 0.955) or sedentary time (p = 0.285) and
GPA. The ANOVA examining associations between physical activity, sedentary
behavior, and academic achievement also revealed no significant associations between
MVPA (F2,216 = 0.17, p = 0.843) or sedentary time (F2,216 = 0.46, p = 0.635) and GPA.
As with LeBlanc et al. (16), SES, as measured by parental education level, had a

significant correlation with academic achievement (r = 0.25).
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Despite minor differences in methodology (i.e. different accelerometer wear-
times, academic achievement measures, etc.), the results of these studies utilizing the
same accelerometer are similar. The use of an accelerometer, for reasons previously
stated, strengthen the results of these studies. These studies were also conducted with
subjects from different parts of the world, further strengthening the generalizability that
there is no relationship between physical activity and academic performance. The use of
different SES variables as confounders shows that SES can be a predictor of academic
achievement, though the correlations were weak. Limitations of these studies are similar
to those in Kwat et al. (15) including the inability for accelerometers to measure certain
activities that involve little body displacement, shorter length of accelerometer wear-time,
and the cross-sectional study design.

Objectively measured physical activity has resulted in different associations, or
lack thereof, with academic performance. In being a more true representation of
individuals’ habitual physical activity, these associations should be clearer in order to
establish the actual benefits of physical activity on academic performance.

FITNESSGRAM Measures and Academic Performance

FITNESSGRAM is a criterion-based physical fitness assessment that is
completed during physical education classes each year. The assessment consists of 6
independent tests: mile run or PACER test (aerobic capacity), skin folds or body mass
index (BMI) (body composition), curl-ups (abdominal strength), trunk lift (trunk extensor
strength and flexibility), push-ups (upper body strength and endurance), and shoulder
stretch or sit-and-reach test (flexibility). The tests are scored using the FITNESSGRAM
software, which classifies scores into “meets” or “does not meet” based on the

10



established Healthy Fitness Zone (HFZ) for the individual’s gender and age. Scoring 5 of
the 6 components in the HFZ constitutes as passing the battery overall. FITNESSGRAM
is a valid and reliable assessment for aerobic capacity, muscular fitness, and body
composition (4,27). FITNESSGRAM assessments have been used frequently in research
as a measure of physical activity in the physical activity-academic achievement
relationship. Some researchers have utilized all of the assessments in their measurements,
and others have only examined individual tests, the most frequent of which are
assessments of aerobic capacity and body composition. Results of these studies have been
more consistent than those utilizing activity monitors and mostly show a positive
relationship between physical activity and academic achievement.

Van Dusen et al. (27) examined the associations between each FITNESSGRAM
assessment and standardized test scores in youths and adolescents and found all
assessments to be associated with standardized test scores. Van Dusen et al. (27)
conducted their research using secondary data collected by 13 Texas school districts for
the Texas Education Agency in the 2007-2008 school year. This resulted in a final
convenience sample of 254,743 subjects (51.3% female; 53.3% Hispanic) in grades 3-11
with at least 1 fitness test score and standardized test score. The fitness components were
examined individually and results were also categorized by quintiles. Academic
performance was assessed via reading and mathematics scale scores from the Texas
Assessment of Knowledge and Skills (TAKS) as these two tests are administered to each
grade.

Van Dusen et al. (27) found all fitness variables to have significant, positive

associations with TAKS scores after controlling for ethnicity, grade-level, and school
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lunch status. Cardiovascular fitness had the strongest association with test scores with a
test mean difference effect size of 0.17 (95% CI: 0.15-0.19) followed by curl-ups, push-
ups, sit and reach, and trunklift. The associations between each fitness variable and math
scores were stronger than for reading scores. In girls, there was a stronger relationship
between fitness and reading scores than in boys. There was a dose-response relationship
between TAKS scores and cardiovascular fitness quintile. When split by grade-level,
there was a weak, non-significant association between cardiovascular fitness and TAKS
scores in elementary-aged children. Cardiovascular fitness and TAKS scores developed a
stronger relationship as grade-level increased.

This study shows there is a significant association between each FITNESSGRAM
assessment (with the exclusion of BMI as it will be discussed later) and standardized test
achievement. Also, girls were found to have a stronger fitness-academic relationship than
boys. This is similar to Kwak et al. (15) who found physical activity to be associated with
academic performance in girls but not boy when using an objective measure of physical
activity. The non-significant associations between elementary school fitness levels and
TAKS scores may be due to a lower test reliability as mentioned by the researchers.
Limitations include the wider range of ages used in the study which decreases
generalizability of the results. Also, connections between physical activity levels and
academic performance cannot be made as in studies using objective measures of physical
activity. Finally, motivation and self-esteem can play a major role in physical activity
assessments, especially when completed around other students. Students may not put
forth a maximal effort and assessment results can be an underrepresentation of their

fitness levels.

12



London and Castrechini (18) examined the associations between each
FITNESSGRAM battery, collectively and individually, and academic performance
initially and overtime. Secondary data from the Youth Data Archive in California, which
is a longitudinal tracking system following K-12 public school students, was utilized.
Data was combined from 2 school districts from the 2002-2003 to 2007-2008 school
years. 2 cohorts were utilized, one consisting of 1,325 41-7% grade students and one
consisting of 1,410 6M-9™ grade students. Physical fitness was measured by the California
Physical Fitness Test (PFT), or FITNESSGRAM, which was taken in 5%, 7% and 9t
grade. The components were examined collectively and with BMI separate. The
researchers examined initial academic achievement gaps as well as growth trajectories.
Therefore, students’ PFT pass and fail trajectories were examined by dividing them into
one of four groups, “pass the PFT in both academic years”, “pass the PFT in the first year
but not the second”, “pass the PFT in the second year but not the first”, and “do not pass
the PFT in either year”. Academic achievement was measured by students’ math and
English language arts (ELA) scores on the California standardized test (CST), which is
taken each spring, and results were converted to z-scores for the statistical analysis as the
scores are not compatible across grades/years.

London and Castrechini (18) found an initial achievement gap existed prior to the
first physical fitness assessment measured in each cohort. In the first cohort, 4™ grade
students who passed both PFTs or failed in the first year but passed in the second year
had significantly higher math and ELA scores compared to those who failed both PFTs.
In the older cohort, a similar initial achievement gap was found between those passing
and failing both PFTs. The CST growth trajectories for each of the 4 PFT groupings in

13



each cohort were not statistically different overtime, showing the initial CST score
achievement gap persisted. When split by gender, the same initial CST gap and CST
growth trajectory results were found for each gender in both cohorts, but the differences
in scores were more pronounced in girls.

The initial gaps that existed in London and Castrechini (18) show there is a
stronger relationship for fitness and initial achievement than changes in both variables
overtime. Being physically active at an earlier age can be more beneficial than making
lifestyle changes later in adolescence. As with the previous study, motivation can be an
underlying mechanism in FITNESSGRAM performance.

Several cross-sectional studies have found aerobic fitness to be associated with
standardized test achievement. Castelli et al. (4) conducted their study using 259 3™ and
5t grade students from 4 public elementary schools. The FITNESSGRAM assessments
completed were the PACER, push-ups, curl-ups, and sit-and-reach, all of which were
completed across 3 days. Tests were scored as being in the HFZ or non-HFZ. Academic
achievement was assessed via the Illinois Standards Achievement Test (ISAT),
specifically the math, reading, and total achievement scores, which is completed across a
5-day period. Age, sex, school, and poverty index were included in the regression
analyses as covariates. The 3 FITNESSGRAM assessments and total fitness (the
FITNESSGRAM assessment scores collectively) had positive correlations with each
academic test measure (p < 0.1). In full regression models including each
FITNESSGRAM subset, poverty index, age, school, and sex, PACER scores were

significantly associated with greater total academic achievement scores, reading
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achievement, and math achievement, all p < 0.001, whereas muscular strength and
flexibility were not.

A similar study conducted by Bass et al. (3) examined the association between the
FITNESSGRAM assessments and ISAT reading, math, and total achievement scores in
838 middle school students. Approximately 65-91% of students were in the HFZ for each
fitness assessment. Correlations were significant but weak for each gender for PACER
laps and sit-ups (0.12-0.21, 0.16-0.27, and 0.15-0.25 for reading, math, and total score,
respectively). Girls had slightly stronger correlations between PACER laps and each test
score than boys and had significant correlations between push-ups and test scores. In an
adjusted model controlling for free/reduced lunch status and age, girls in the HFZ for the
PACER were 2.08 and 2.58 times more likely to score higher on the reading and math
tests, respectively, than girls not meeting the aerobic fitness standards. Boys in the
PACER HFZ were 3.15 and 2.81 times more likely to succeed on the reading and math
tests, respectively, than boys not in the HFZ. Boys in the HFZ for sit-ups were more
likely to achieve higher grades on both tests, and those in the HFZ for push-ups were
more likely to succeed on the math test.

Rauner et al. (22) utilized 11,743 students from 37 elementary and 10 middle
schools in Nebraska. The PACER was used as the measure of aerobic fitness, and
subjects were classified as being fit or unfit based on meeting the HFZ 15-lap threshold.
Nebraska State Accountability (NeSA) math and reading scaled test scores were used as
the dependent variable. Free/reduced lunch status was included in the analysis as a
measure of SES. Approximately 70% of the students were in the PACER HFZ.
Following the inclusion of covariates, free/reduced lunch, ethnicity, sex, age, grade-level,
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and school type, aerobic fitness was significantly associated with math and reading test
scores. Though SES did not attenuate the association between aerobic fitness and test
scores, free/reduced lunch status was significantly correlated with aerobic fitness. Thus, it
had an effect on the fitness-academic achievement association. Aerobically fit students
not receiving a free/reduced lunch were 2.41 and 2.23 times more likely to pass the math
and reading tests, respectively, compared to aerobically unfit students not receiving a
free/reduced lunch.

Roberts et al. (24) assessed 749 5%, 761 7%, and 479 9" grade students in their
study. FITNESSGRAM data, body weight, and student demographic information was
obtained from school records. Aerobic fitness was measured via the mile run test.
Students were given a maximum of 15 minutes to walk/run the mile. Failure to do so
resulted in students receiving that maximum finish time. California Achievement Tests
version 6 (CAT6) math and reading scores and CST math and ELA scores, which are to
be completed every year, were used to assess students’ academic performance. Parental
education level, students’ ethnicity, and free/reduced lunch status were self-reported by
the parents. 65% of students were in the non-HFZ for the mile. Students who failed to run
the mile in the recommended 15 minutes scored significantly lower on both the CAT6
and CST tests than those in the HFZ. Those not meeting the standards had mean scores of
56.52 and 55.46 on the CAT6 math and reading, respectively, compared to 64.92 and
61.34 for those in the HFZ. Mean scores of 3.52 and 3.44 were achieved on the CST ELA
and math tests, respectively, for those who did not meet the aerobic fitness standards
compared to scores of 3.85 and 3.81 for those in the HFZ. With aerobic fitness split into
quintiles, lower quintiles were associated with lower test scores, establishing a dose-
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response relationship. In full regression models, mile run time was a significant predictor
of standardized test scores even though the association was attenuated with the inclusion
of confounding variables.

Each of these studies resulted in significant associations between aerobic fitness,
as measured by the PACER or mile run, and standardized test achievement in students
from different parts of the U.S. These associations remained significant after the
inclusion of confounding variables, thus showing aerobic fitness is a strong predictor of
achievement. Utilizing FITNESSGRAM assessments to measure aerobic fitness brings
about several limitations. These assessments are conducted by physical education
teachers, aside from Castelli et al. (4), and it is unknown of they were administered and
performed correctly despite receiving prior FITNESSGRAM training. Also, motivation
can play a big role in students’ performance. It is assumed that all students exerted a
maximal effort on each assessment, which may not have been true. In regards to Roberts
et al. (24), using a mile-time cut off can overestimate students’ aerobic fitness, as some
students could have had slower mile times than 15 minutes.

Physical activity as measured by FITNESSGRAM assessments has been
consistently associated with academic performance. Specifically, aerobic fitness is the
strongest predictor of academic performance. Using age- and sex-specific standards for
each assessment makes the results more valid and useful. Though FITNESSGRAM is not
an objective measure of overall physical activity, the results of these studies show that
fitness levels in youths and adolescents play a significant role in standardized test

achievement.
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Physical Education and Academic Performance

Changes within physical education classes, in regards to intensity and duration of
activity, can have positive effects on students’ academic performance. A randomized
controlled trial increasing the volume and intensity of activity during physical education
(PE) classes resulted in increases in school grades. Ardoy et al. (1) conducted the study
using 67 adolescents ages 12-14 from Spain. Students were randomized into a control
group (CG) (n = 17), which partook in normal PE classes (55 minutes, twice a week), an
experimental group 1 (EG1) (n = 20), which partook in 4- 55 minute PE sessions a week,
and an experimental group 2 (EG2) (n = 17), which partook in 4- 55 minute PE sessions a
week of high intensity activity. High intensity was defined as having a heart rate above
120 bpm and was measured using a Polar-610 heart rate monitor. The intervention took
place over a 4 month period. Physical fitness assessments tested aerobic fitness, muscular
fitness, and speed/agility before and after the intervention. Aerobic fitness was assessed
via a 20-meter shuttle run test. Muscular fitness was measured by a standing long jump
test. A 4 x 10-meter shuttle run test was used to measure speed and agility. Academic
performance was assessed both pre- and post-intervention using student’s average school
grades.

At baseline, EG1 had significantly lower academic scores compared to the CG
and EG2. Baseline measures were adjusted for along with sex, sexual maturation, and
attendance. EG2 improved their average academic scores significantly compared to the
other two groups (p < 0.001). No differences were found in the CG and EG1 after the
intervention. There were no associations between changes in the fitness variables and

changes in academic performance.
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The results of this study show that increasing the intensity and duration of activity
in physical education classes, as opposed to solely duration, has a more profound effect
on academic performance. Kwak et al. (15) also found a higher intensity level to be
positively associated with academics. This is contrary to the Syvaoja et al. (26) study
which found intensity, specifically MVPA, was not associated with GPA. Also, changes
in fitness assessment scores were not related to changes in academic performance which
was consistent with the findings of the London and Castrechini (18) longitudinal
FITNESSGRAM study. Limitations to this study include the small sample size and the
randomization of groups, not individuals. This resulted in baseline measurement
differences, which were eventually controlled for. Despite these limitations, incorporating
additional and higher intensity physical activity into the school day, whether it be in
physical education classes or into normal curricula as shown in Reed et al. (23), has
beneficial effects on academic performance.

Weight Status and Academic Performance

Along with researching the benefits of physical activity on academic success,
studies have concurrently examined the relationship between weight status, as measured
by BMI, and academic performance. Weight status classifications are based on BMI-for-
age percentiles: normal weight (< 85" percentile), overweight (> 85" to < 95 percentile),
or obese (> 95" percentile). In the FITNESSGRAM battery, youth are considered to be in
the HFZ if they are of a normal weight. Results from examining the association between
weight status and academic performance have been inconsistent.

Castelli et al. (4) and Roberts et al. (24) found an inverse association between
BMI and standardized test scores. Castelli et al. (4) conducted their research using 259 3
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and 5 grade students, whereas 5%, 7%, and 9" grade students were used in Roberts et al.
(24). Castelli et al. (4) found BMI to be negatively correlated (r = -0.27 to -0.28) with
ISAT math, reading, and total scores (p < 0.001). In a full regression model controlling
for poverty index, school, sex, age, and each FITNESSGRAM subset, weight status
remained significantly associated with math, reading, and total ISAT scores, though the
association was attenuated. 31.8% of boys and 27.7% of girls were overweight/obese in
Roberts et al. (24). Those who were overweight or obese scored significantly lower than
those of normal weight on both CAT6 and CST tests. When classified into quintiles,
those in the higher BMI-for-age percentile quintiles scored lower on the CAT6 tests as
well as the CST math test than those in lower BMI percentiles, thus establishing a dose-
response relationship. As with Castelli et al. (4), the inclusion of age, free/reduced lunch
status, and ethnicity weakened the relationship between weight status and test scores, but
weight status still remained a significant predictor.

A physical activity intervention study also found weight status to be associated
with standardized test scores. Reed et al. (23) used BMI values from 155 3™ grade youth
that were only measured at baseline. Therefore, effects of the intervention on weight
status and changes in the relationship between BMI and academic achievement could not
be determined. Subjects were classified as being in the HFZ or non-HFZ. 91% (n = 73) of
the subjects in the EG (experimental group) and 75% (n = 56) of subjects in the CG
(control group) had BMI values in the HFZ. This difference was not significant. Those in
the HFZ received a greater percentage of “Proficient” and “Advanced” marks on the

PACT test. Significant differences were only found for the Social Studies test scores,
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with subjects in the non-HFZ group scoring significantly lower (F=5.932,df=1,p =
0.017) than those in the HFZ group.

Studies have also found weight status to be initially associated with academic
performance, but the inclusion of SES variables attenuated the relationship to be non-
significant in some instances. Rauner et al. (22) and Van Dusen et al. (27) used BMI data
previously collected during FITNESSGRAM assessments. Rauner et al. (22) used BMI
percentile as a continuous variable when examining the relationship in 4"-8" grade
students. BMI percentile was a predictor of NeSA math and reading scores until
free/reduced lunch status was included into the final model. Van Dusen et al. (27) found
similar results in a sample of 3™-11™ grade students. The strength of BMI as a predictor
of TAKS scores weakened with the inclusion of school lunch status and other covariates.
In girls, no association was found, and no differences were found between the high and
low or moderate BMI quintile. In boys, a lower BMI resulted in lower TAKS scores than
in boys with a moderate BMI. This shows that there is no linear association between BMI
and academic scores when accounting for confounding variables. Both of these studies
showed that SES variables can be a stronger predictor than weight status for academic
achievement.

LeBlanc et al. (16) and London and Castrechini (18) both found weight status to
have no association with standardized test scores. LeBlanc et al. (16) examined if percent
body fat, which was analyzed via a Tanita Body Composition Analyzer (TBF-310), and
BMI percentile were predictors of 4M-6™ grade academic performance. BMI percentile
and percent body fat were not significantly correlated with test achievement (r = -0.3 to

0.3). When children were divided into 2 groups based on if they were extremely obese (>
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1.2 times the 95™ BMI percentile) or not, there was no difference in academic
performance between groups. Similarly when children were classified as being normal
weight, overweight, or obese, no group differences were found. These results show that
regardless of how weight status is defined, weight status has no association with
academic performance. London and Castrechini (18) utilized BMI as measured during
FITNESSGRAM assessments in 41-9™ grade students. Associations with CST scores
were examined initially and longitudinally. BMI was not associated with test scores
initially nor longitudinally after 2 years. Therefore, changes in BMI may not predict
changes in standardized test scores.

The inconsistencies in results pertaining to the association of weight status and
academic performance in youths and adolescents disallows conclusions from being made.
As with the physical activity and academic performance relationship, more research is
needed in order to establish more definitive results in youth.

Physical Activity, Weight Status, and School Behavior

The effects of physical activity and weight status on in-class behavior, including
time-on-task behavior, attentiveness, and interruptive behavior, have been researched
previously (with the exception of the physical activity-interruptive behavior relationship).
In-class behaviors can influence students’ academic performance. Examining the
relationship between physical activity, weight status, and classroom behaviors can add to
the potential benefits of the latter variables on overall academic performance. These
associations have yielded inconsistent results.

Most studies have utilized physical activity interventions to assess the effects of
physical activity on students’ abilities to stay on task. Mahar et al. (19) found 3"-4™
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grade students’ (n = 62) time-on-task increased following an in-class physical activity
intervention. 2 out of the 3 classes from each grade level were randomly assigned as the
intervention groups while each remaining class served as the control group. The
intervention group had 10 minutes of physical activity incorporated into their class every
day for 12 weeks. Teachers received prior training in order to correctly administer active
lessons. The control group received the normal academic curricula. Students in each class
randomly wore Yamax SW-200 pedometers for 5 days out of the 12 weeks to assess
physical activity during the school day. Steps were recorded after the completion of the
incorporated physical activity and at the end of the school day for both groups. On-task
behavior was observed by two trained observers in each class 30 minutes prior to activity
and 30 minutes following activity. 6 different students were observed each day in 5- 1
minute intervals. Observers recorded after each minute describing the students’ on-task
behavior or lack thereof. On-task behavior was defined as motor or verbal behavior
pertaining to the class lesson. Teachers and students were unaware of who was being
observed each day.

The intervention group took significantly more steps per day (782 steps) than the
control group. The number of steps the intervention group took during the 10 minutes of
physical activity ranged from 160 to 1223 steps. Post-activity on-task behavior
significantly increased by 8% compared to pre-activity behavior. This increase had a
moderate effect size of 0.60. Students who were the least on-task experienced the greatest
increases in on-task behavior following the intervention. Following physical activity, on-

task behavior of these students significantly increased by 20%.
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This study shows a short bout of physical activity increases on-task behavior
acutely in the classroom. A limitation of this study is that the observers were not blinded.
In using 2 observers per classroom, the researchers were confident that the observers
were unbiased as they had an agreement of 94% for on-task behavior. Also, this study
shows the acute effects of physical activity, and it is unknown if habitual physical activity
can increase on-task behavior.

Similar to the previous study, Grieco et al. (12) incorporated physical activity into
9- 3 grade classrooms (n = 97) to determine the effects on on-task behavior. Students
completed both an active and inactive control lesson. The active lesson consisted of 10-
15 minutes of MVPA as conducted by the teachers who received prior training.
Curriculum for the active and inactive lessons were the same throughout each classroom.
Active lessons were to be incorporated at least 4 days a week throughout the school year.
Students wore Omron HJ 105 pedometers to measure steps taken during the school day
for a week. On-task behavior was observed by 2 researchers. Students were observed for
15 minutes before and after each active/inactive lesson. Each student was observed for 5
seconds before the researcher moved onto the next student. Researchers observed each
student 16 to 22 times per 15 minute period. Observers were blinded, and the order of the
lessons were randomized. On-task behavior was defined as paying attention to the teacher
or actively engaging in the teacher assigned task. Off-task behavior was characterized by
the student staring off, placing their head on the desk, talking or looking at other students,
drawing, etc. BMI was also measured to determine if weight status was associated with
on-task behavior. Children were classified as underweight, normal weight, overweight, or

obese based on their BMI-for-age percentile.
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37% of children were overweight or obese. BMI had an inverse association with
steps taken per day. Across all BMI categories, time-on-task significantly decreased from
before to after the inactive lesson. Increases in BMI were associated with decreases in on-
task behavior following the inactive lesson. On-task behavior slightly increased following
the active lesson, but the difference was non-significant. Weight status also had no
association with time-on-task following physical activity.

Incorporating MVPA into the classroom did not significantly increase time-on-
task. These results also show that BMI moderates the effect of physical activity on on-
task behavior. As with the previous study, these are measurements of the acute effects of
physical activity. Though habitual physical activity was measured, it was not examined in
the statistical analyses in order to determine the association with on-task behavior.

The effects of physical activity and weight status on classroom attention in youth
has been previously shown to elicit inconsistent results as well. Physical activity
intervention studies have been commonly used in assessing the relationship between
physical activity and attention. Pellegrini et al. (21) examined the effect of recess on
attention in 2" (n = 24) and 4" (n = 21) grade children. Children received 30 minutes of
recess, 4 days a week. Physical activity during recess was assessed via a 9-point scale
system to code how active the children were with 1 being lying down/no movement and 9
being running across the playground. Prior to and following recess, teachers read to the
students. 20 minute observations conducted by 4 trained observers occurred each day for
2 months during pre- and post-recess. Each student was observed in 30 second intervals
and for an average of 21 times during each observation period. Inattention was coded

during each observation and was defined as not looking at the teacher during the lesson.
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2™ grade students were less attentive than 4™ grade students prior to recess. 41
grade children were more active than 2" grade children during recess. Also, boys were
more active than girls. Recess physical activity was not correlated with post-recess
attention. However, task inattention was significantly greater prior to recess than after in
each grade. These results support that physical activity during the school day can increase
in-class attention specifically in grade-school children.

Conversely, integrated physical activity has also been found to have no effect on
attention. Davis et al. (10) used after-school exercise interventions to examine the effects
on overweight children’s attention. The subjects had no medical conditions, such as
attention-deficit disorder, nor were taking medications that could have influenced results.
Children were split into a control group (n = 29), low-dose exercise group (n = 33),
which received 20 minutes of physical activity, and a high-dose exercise group (n = 32)
receiving 40 minutes of activity. The intensity of the physical activity, which included
running games, sport games, and jump rope, in each experimental group was consistent at
a heart rate greater than 150 bpm. The intervention occurred 5 days a week for 15 weeks
and was instructed by researchers and exercise science college majors. Children’s
cognitive performance was assessed at baseline and following the intervention via the
Cognitive Assessment System (CAS), which is a standardized test measuring planning,
attention, simultaneous, and successive cognitive processes. The attention portion of the
test required children to focus on the cognitive activity and resist distraction. The test was
administered by a blinded psychologist.

No significant group differences were found on the CAS Attention test.

Regardless of the duration, physical activity had no effect on overweight children’s
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attention. Using a standardized measurement of attention helps to strengthen the results
of the study, but it is unknown how these results would translate into the classroom. Also,
the study was conducted using only overweight children, and therefore can only be
generalized to that population.

Weight status was found to be predictive of attention in a study conducted by
Datar et al. (9). Data from the Early Childhood Longitudinal Study was used to analyze
changes in weight status and in-class behaviors from kindergarten to 3™ grade in
approximately 7,000 children. The Early Childhood Longitudinal Study contains
nationally representative date of children in the U.S. Children were classified as never
obese, became obese, and always obese based on their weight status changes throughout
the observational period. In-class behavior was assessed by the teachers using a social
rating scale. This scale contained measurements of externalizing behavior problems
(arguing, fighting, disturbs activities etc.), internalizing behavior problems (anxiety,
loneliness, low self-esteem), approaches to learning (attentiveness, learning
independence, organization), self-control (controlling temper, respecting others), and
interpersonal skills (forming and maintaining friendships, helping others, empathy).
Teachers reported how often the children demonstrated each behavior on a scale of 1 to 4
with 1 being never and 4 being most of the time.

From baseline to 3™ grade, the prevalence of obesity increased from 9% to 17%.
A regression analysis controlling for confounders including mother’s education level and
familial income and split by gender revealed that girls who became obese were
significantly more likely to have lower scores for approaches to learning compared to

girls who were never obese. Girls who were always obese were not statistically different
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from those who were never obese in regards to approaches to learning. In boys, there was
no association between change in overweight status and approaches to learning.

Changes in weight status were associated with changes in approaches to learning,
which included a measurement of attention, in girls. Since approaches to learning was
comprised of other learning variables, it is unknown if solely attention was related to
changes in weight status. Also, school behavior was teacher-reported. There is potential
for bias or misinterpretations of behavior since they are not trained in behavior analysis.
Different teachers may have different definitions for inattention.

Judge et al. (14) utilized data from the Early Childhood Longitudinal Study to
determine the association between weight status and attention in 13,680 3™ grade
students using a cross-sectional design. Children were classified based on obesity (obese
or not obese). Measurements of classroom behavior were the same as in the previous
study. 16.2% of children were obese with a higher prevalence in boys (16.4%) than girls
(15.9%). Obese girls had lower mean scores for approaches to learning than non-obese
girls. When controlling for SES, maternal education level and race, there was no
difference in approaches to learning between the two groups. In boys, weight status was
not associated with approaches to learning. Though this study and the previous study
used near identical methodologies and utilized the subjects from the same database, the
results differed in girls. Changes in weight status may be associated with changes in
approaches to learning, but when examined cross-sectionally, no difference exists based
on obesity status.

The relationships between physical activity, weight status, and interruptive

behavior have been less researched. Datar et al. (9) and Judge et al. (14) examined the
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relationship between weight status and externalized behavior problems, which included a
measure of disruptive behaviors, in grade-school children in the previously discussed
studies. As mentioned previously, Datar et al. (9) examined how changes in weight status
effected externalized behavior problems. Externalized behavior problems in the
classroom were significantly more frequent at baseline in children who were always
obese compared to those who were never obese or became obese during the observational
period. There were no group differences at the end of the study period. Girls who became
obese were more likely to exhibit externalized behavior than girls who were never obese.
However, there were no differences between girls who were always obese and never
obese. For boys, becoming obese or always being obese was associated with significantly
less externalized behavior problems compared to those who were never obese. Judge et
al. (14) found obese girls to have higher mean externalized behavior scores compared to
non-obese girls, with no difference in boys. Similarly, obese girls were more likely to
exhibit external behavior problems than non-obese girls. As with the approaches to
learning in these studies, externalized behavior problems encompassed other variables
along with disruptive behavior. Therefore, conclusions cannot be made regarding the
relationship between weight status and interruptive behavior.

The relationship between physical activity, weight status, and school behavior
remains unclear due to the inconsistency of results, varying methodologies, and differing
definitions of on-task behavior, attentiveness, and interruptive behavior. The effects of
physical activity were also only shown acutely as a result of interventions. The effect of

habitual physical activity on school behavior was not examined.
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Conclusion

Due to the inconsistencies in the associations between physical activity, weight
status, and academic performance as a whole, future research is needed. Research should
focus on using objective measures of habitual physical activity to get a better
representation of youths daily physical activity levels. Defining academic achievement in
terms of school grades as opposed to standardized test scores would be more reflective of
students’ intelligence. School behavior variables should be measured by trained observers
in the classroom, and variables should have more definitive definitions. Finally, the
relationship between habitual physical activity and school behavior should be examined
to determine if active children are more attentive, stay on task, and less disruptive in the

classroom.
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CHAPTER II

INTRODUCTION

It is estimated that 22-39% of U.S. youth are sufficiently active according to
current physical activity recommendations (6) and youth are sedentary an average of 6
hr/day™ (20). Along with these inactivity inclinations, the prevalence of overweight and
obese youth has increased in recent years. The 2011-2012 National Health and Nutrition
Examination Survey (NHANES) estimated that 31.8% of children and adolescents ages
2-19 are overweight or obese (5). This frequency has increased from 30% in 2005-2006
and 28.1% in 1999-2000. These increases are due to the rising prevalence of obesity
(13.9% in 1999-2000, 15.4% in 2005-2006, and 16.9% in 2011-2012) rather than
overweight. The prevalence of overweight/obesity increases with age (5) and tracks into
adulthood. In a sample of 854 U.S. children, approximately 80% of overweight
adolescents were obese in young adulthood (21-29 years of age) (28). Obesity in
childhood can also lead to chronic diseases in adulthood, such as metabolic syndrome
(25) and coronary heart disease (2). To add to these problems, opportunities for physical
activity are being removed within schools; where 4% of elementary schools, 8% of
middle schools, and 2% of high schools provided daily physical education in 2006 (17).

Regular physical activity is a preventive measure in youth to decrease the risk of

obesity and other chronic diseases. Along with the many health benefits of physical
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activity, cognitive benefits have been examined as well. Physical activity has been linked
to increased cerebral blood flow, increased cognitive function, and better mood states
(8,13). Specifically, exercise has been shown to increase and regulate brain-derived
neurotrophic factor (BDNF), which enhances learning and cognition (8). Physical activity
has also been shown to elicit structural changes in the hippocampus, which plays an
important role in memory (7). With physical activity integrated into the classroom,
children performed significantly better on a test measuring general intelligence and
cognitive ability than those not receiving physical activity (23).

With the cognitive benefits of physical activity and increased prevalence of
obesity in children, research has been conducted examining the potential benefits of
physical activity on academic performance in children and adolescents. Mixed results
have been found utilizing different methodologies. Aerobic fitness, as measured by
FITNESSGRAM assessments, has been found to be associated with better standardized
test scores (3,4,18,22,24,27) in 374-11" grade students. In measuring physical activity
objectively, one study found vigorous physical activity was associated with better grades
in girls ages 9-10 and 15-16 but not boys (15), and another found no relationship between
moderate-vigorous physical activity (MVPA) and content test scores (16). In
experimental research, integrated physical activity during class time resulted in increased
standardized scores (23). Additionally, in examining the link between physical activity
and academic achievement, dose-response relationships have been observed. A dose-
response relationship was found for intensity and duration of activity and better school
grades in a randomized controlled trial utilizing 7"-9'" grade adolescents (1) and for

cardiovascular fitness and test scores (27). However, in using objective measurements of
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physical activity, time spent in MVPA nor sedentary time were associated with grade
point average (GPA) (23) or standardized test achievement (16).

Along with researching the benefits of physical activity on academic success,
studies have concurrently examined the relationship between weight status, as measured
by body mass index (BMI), and academic achievement. As with physical activity, BMI
results have been inconsistent. In 3"-5™ grade children, BMI was found to have an
inverse relationship with standardized test scores (4). A nonlinear BMI relationship was
found in 3'-11% grade children and adolescents. Those with a lower BMI had a lower
mean standardized test score than those with a moderate BMI but not a high BMI (27).
Many studies have found no relationship between weight status and academic
performance. Neither BMI percentile nor adiposity were associated with greater test
scores in 4-6" grade children (16). Weight status, as defined by being in the
FITNESSGRAM healthy fitness zone, was not associated with adolescents’ school
grades (22). One study found no initial or longitudinal relationship with academic
performance (18). One of these studies found BMI to have an association with test scores,
but the finding was attenuated with the inclusion of confounders, including fitness level
(24).

The associations of physical activity and weight status with in-class behavior of
elementary school students have also been previously researched. Most studies have
utilized physical activity interventions to examine effects on student’s abilities to stay on
task and on attention. Following physical activity, on-task behavior was better than that
prior to activity in 37-4" grade students (19). In regards to weight status, time spent on-

task and BMI status had an inverse association following a normal, inactive teaching
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lesson (12). However, there was no change in time-on-task following MVPA for either
weight status (12). Inconsistent results were also found when the effects of physical
activity on attention were examined. In 2"-4" grade students, in-class attention increased
following a recess period (21). Conversely, incorporating vigorous physical activity
outside of school had no effect on attentiveness, as measured objectively via a
standardized assessment, in grade-school children (10). In examining the relationship
between weight status and attention, overweight girls displayed mixed results of being
less attentive (9) and no different (14) than normal weight girls.

Associations with disruptive in-class behavior in youth without clinical
disabilities has been less researched than the previous behaviors. Studies involving
physical activity have not been found. Weight status and external behavior problems,
including disruptive behavior, have established a positive relationship. Overweight
Kindergarten and 3™ grade children have been found to display more disruptive behavior
than children of a normal weight status (9). Gender differences have been exhibited as
overweight girls are more disruptive than normal weight girls in the classroom with no
differences in boys (9,14).

Past studies have not examined the relationship between meeting physical activity
recommendations, as defined by step counts per day (>12,000 steps/day), with teacher-
reported grades. The relationship between habitual physical activity, weight status, and
classroom behaviors that can have an impact on academic achievement is scarcely
researched without the inclusion of physical activity interventions. With including school
behavior variables, “academic performance” will be more encompassing, and potential

benefits of physical activity with academic performance can be expanded upon. In
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addition, socioeconomic status has been found to be correlated with academic
achievement and can present a barrier in examining the associations between physical
activity, weight status, and academic performance. The influences of socioeconomic
status, as defined by parental education level, has been less researched with classroom
behavior and thus overall academic performance.
Purpose

This study aims to uncover the association between physical activity, weight
status, and overall academic performance, including academic grades and in-class
behavior, with the inclusion of parental education level. It is hypothesized that those
meeting physical activity recommendations and those of normal weight will have greater

academic performance regardless of the potential influences of parental education level.
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CHAPTER III

METHODOLOGY

Participants

Participants of the study were from an a childhood obesity intervention known as
SWITCH, a family, community, and school based intervention targeting childhood
obesity completed in the fall of 2005. Ten elementary schools from two Midwestern
school districts in Lakeville, Minnesota and Cedar Rapids, lowa participated (4 in
Lakeville and 6 in Cedar Rapids). Cross sectional data was used for the current analysis,
which was collected prior to the formation of treatment and control groups in 2005. Prior
to data collection, written consent and assent was obtained from each guardian and child,
respectively, as risks and study procedures were explained both verbally and in writing.
Consent was provided by the teachers to complete the teacher surveys. The study
procedures were approved by the University of Minnesota’s Human Subjects Review
Board.

Of the 2113 students enrolled in the two school districts, 1,430 3'-5% grade
students chose to participate in the intervention. 614 children (53.9% female, age 9.6 +
0.9 years) met the inclusion criteria and were included in the final analytical sample
(Table 1). Participants were excluded for missing data on physical activity, body mass

index, teacher grade, school behavior, or socioeconomic status. However, the
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demographics of the final sample are similar to those of the two school districts in which

the participants attended.

Table 1. Sample Descriptive Statistics

Total Boys Girls

(n=614) (n=283) (n=331)
Age (years) 9.6 (0.9) 9.6 (0.9) 9.6 (0.9)
Height (cm) 138.4 (7.5) 139.1 (7.0) 137.9 (7.9)
Weight (kg) 35.6 (9.3) 36.5 (8.8) 35.3(9.7)
Body mass index (kg/m?) 18.4 (3.5) 18.5(3.4) 18.3 (3.6)
BMI Percentile 62.0 (28.2) 64.7 (26.9) 59.6 (29.1)
Average steps/day 11,786 (3,100) 12,785 (3,409) 10,933 (2,516)

Values expressed as mean (standard deviation)

Anthropometry

Anthropometric measurements were taken by a school nurse following standard
procedures. The nurses were trained prior to data collection. Standing height was taken
via a portable stadiometer (Seca Road Rod; Seca, Hamburg, Germany). Body mass was
measured via a strain gauge scale (Lifesource MD; Lifesource, Milpitas, CA, USA).
Body mass index (BMI, kg/m?) was calculated from standing height and body mass
measurements. Individual BMI z-score and percentile were determined using age- and
sex-specific growth charts from the Centers for Disease Control and Prevention (11).
Children were classified by weight status based on BMI percentiles: normal weight (<
85" percentile), overweight (> 85" to < 95™ percentile), or obese (> 95 percentile).

Physical Activity

Habitual physical activity was assessed via a pedometer (Digiwalker SW-2000).
The subjects were instructed to wear the pedometer on the hip during all waking hours.
Pedometer accuracy was checked before each data collection period using the shaker test
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and the 10-step test. The shaker test involves shaking the pedometer in a vertical motion
ten times and checking the step count recorded. The 10-step test involves the subject
walking ten steps and checking the step count recorded by the pedometer. Pedometers
that were inaccurate or did not work properly were replaced. Participants recorded the
number of steps accumulated each day over 7 consecutive days. Pedometer data was
included in the statistical analysis if the participants wore the pedometer for > 4 days
(including at least one weekend day) and > 10 hours per day. Participants were
categorized as meeting or not meeting the physical activity recommendation of > 12,000
steps per day.
Academic Performance

Academic performance was measured by a SWITCH baseline survey, consisting
of 28 items, completed by the participants’ teachers. One survey was completed for each
student in the teachers’ class. Teachers provided an estimate of each participants’ average
school grade on a scale of A+ through F. Children were categorized into the following
performance groups based on their grade approximation: high (A+ to A; > 97-93%) or
moderate/low (A- to F; < 92%). The categories were defined as such to ensure a more
equal distribution into each group. The children’s inability to stay on task,
inattentiveness, and interruption of other children’s work was rated on a scale of 1-5 with
1 corresponding to “never true” and 5 corresponding to “almost always true.” Participants
were grouped by whether the statement was true (score of 2-5; has difficulty staying on
task, inattentive, interrupts other) or never true (score of 1) for the statistical analysis of

each variable.
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Socioeconomic Status

Parental socioeconomic status has been associated with children’s academic
performance. Socioeconomic status was defined by self-reported parental education level.
Participants were categorized by whether their parent or guardian attended high school,
attended some college, obtained a 2-year degree, obtained a 4-year degree, or completed
a graduate/professional degree.

Statistical Analysis

All statistical analyses were conducted using SPSS version 20.0 (Chicago, IL,
USA). Frequency distributions were calculated for meeting physical activity
recommendations, weight status, school behavior variables, and parental education level.
Univariate logistic regression models, controlling for gender, were conducted to
determine the influence of meeting physical activity recommendations, weight status, or
parental education level independently on academic performance. Full models, including
physical activity, weight status, and parental education level concurrently, were used to
further examine the associations with academic performance controlling for and split by
gender. Finally, full models, controlling for gender and stratified by gender, were used to
determine the associations between each predictor variable and children’s inability to stay
on task, inability to pay attention, and tendency to interrupt other children’s work. A

value of p < 0.05 was used to determine statistical significance.
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CHAPTER 1V

RESULTS

Approximately 1 in 3 children were overweight or obese (29.6%) (Table 2).
Nearly half (44.6%) of the subjects met physical activity recommendations by averaging

Table 2. Descriptive Frequencies

All Boys Girls
n Y% n % n_ %
Physical Activity Group
> 12,000 steps/day 274 44.6% 163 57.6% 111 33.5%
< 12,000 steps/day 340 55.4% 120 42.4% 220 66.5%
Weight Status
Normal weight 432 70.4% 192 67.8% 240 72.5%
Overweight 103 16.8% 54 19.1% 49 14.8%
Obese 79 12.9% 37 13.1% 42 12.7%
Parental Education Level
Graduate/professional degree 98 15.5% 40 14.1% 55 16.6%
4-year degree 257 41.9% 119 42.0% 138 41.7%
2-year degree 91 14.8% 47 16.6% 44 13.3%
Some college 113 18.4% 55 19.4% 58 17.5%
< high school 58 9.4% 22 7.8% 36 10.9%
Staying on Task
No Difficulty 273 44.5% 99 35.0% 174 52.7%
Has Difficulty 340 55.5% 184 65.0% 156 47.3%
Paying Attention
No Difficulty 282 46.0% 101 35.7% 181 54.8%
Has Difficulty 331 54.0% 182 64.3% 149 45.2%
Interrupts Other’s Work
Never True 339 55.3% 134 47.3% 205 62.1%
True 274 44.7% 149 52.7% 125 37.9%

* All n=613 & girls n=330 for school behavior variables due to 1 subject missing school behavior
variable data.
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> 12,000 steps per day. Boys were more physically active than girls in regard to meeting
physical activity recommendations, 57.6% and 33.5%, respectively. A majority of the
subjects had parents who received at least a 2-year college degree (72.2%). School
behavior variables had comparable distributions, where nearly half of subjects had no
difficulty staying on task (44.5%), paying attention (46.0%), and did not interrupt others
(55.3%). Differences were seen between genders for each school behavior variable. More
than half of girls had no difficulty staying on task (52.7%), paying attention (54.8%), and
did not interrupt others (62.1%) compared to 35.0%, 35.7%, and 47.3%, respectively, for
boys.

Subjects meeting and not meeting physical activity recommendations had
comparable distributions into the high academic performance group, 33.6% and 33.2%,

respectively (Figure 1). Classifying subjects by weight status followed a similar trend as

Figure 1. Distribution of Children in the High Academic
Performance Group Based on Predictor Variable
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34.0% and 39.8% of normal and overweight subjects, respectively, had high performing
grades. High academic performance frequency decreased with obesity to roughly 1 in 5
subjects (21.5%). The number of subjects in the high performance group increased with
parental education level. Approximately half of the children whose parents received a
graduate or professional degree were in the high performance group (47.4%) compared to
22.4% of those whose parents completed high school at most. Nearly half (41.6-50.0%)
of the subjects who met physical activity recommendations had no difficulty staying on
task, paying attention and did not disrupt others (Figure 2). 45.2%, 47.3% and 55.5% of
normal weight children had no difficulty staying on task, paying attention, and did not
interrupt others, respectively, compared to 36.7%, 35.4%, and 50.6% of obese children,
respectively. Similarly, as parental education level increased, as did the amount of

children having better school behavior. 34.5%-41.4% of children with parents who

Figure 2. Distribution of Children Who Have No Difficulty With
School Behaviors Based on Predictor Variable
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attended high school had no difficulty with their behaviors compared to 48.4%-60.0% of

those with parents who attained a graduate or professional degree.

The crude logistic model revealed that obesity was predictive of being in the

moderate/low academic performance group, odds ratio (OR [95% CI]) 1.88 (1.1-3.3),

whereas meeting physical activity recommendations was not predictive, OR = 1.0 (0.7-

1.4). Parental education level was a stronger predictor, where those with parents that

attended high school, some college, or obtained a two-year college degree being more

likely to be in the moderate/low academic performance group, OR = 3.1 (1.5-6.5), 2.9

(1.6-5.2), and 2.4 (1.3-4.4), respectively. In the full model, including weight status,

physical activity, and parental education level, the latter attenuated the impact of obesity

to be insignificant (Table 3). Parental education level remained a significant predictor,

Table 3. Full Logistic Regression Model of Physical Activity, Weight Status, and
Moderate/Low Academic Performance Defined by Teacher Grade

Boys
(n =283)
OR (95% CI)

Girls
(n=331)
OR (95% CI)

All
(n=614)
OR (95% CI)
Physical Activity Group
> 12,000 steps/day 1.0
< 12,000 steps/day 1.0 (0.7, 1.4)
Weight Status
Normal weight 1.0
Overweight 0.7 (0.5, 1.1)
Obese 1.6 (0.9, 2.8)

Parental Education Level
Graduate/professional degree 1.0

4-year degree 1.5 (0.9, 2.5)
2-year degree 2.3(1.2,4.3)*
Some college 2.8 (1.5,5.0)*
< high school 3.0(1.4,6.2)*

1.0
1.4(0.8,2.3)

1.0
0.7 (0.4, 1.4)
0.9 (0.4,2.1)

1.0
1.4(0.7,2.9)
2.2(0.9, 5.4)

3.7 (1.5, 9.6)*

8.7 (1.8, 43.0)*

1.0
0.8 (0.5, 1.4)

1.0
0.7 (0.4, 1.3)
2.4 (1.1,5.6)*

1.0
1.6 (0.8, 3.0)
2.4 (1.1,5.7)*
2.2(1.1,4.9)
2.0 (0.8, 4.9)

* indicates statistical significance (p < 0.05)
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OR =3.0(1.4-6.2), 2.8 (1.5-5.0), and 2.3 (1.2-4.3) for those with parents who attended
high school, some college, and obtained two-year degree, respectively.

The full model, stratified by gender, revealed obesity was predictive of girls being
in the moderate/low performance group, OR = 2.4 (1.1-5.6) (Table 3). Parental education
level was a significant predictor as well for girls with parents that attended some college
or attained a two-year college degree, OR =2.2 (1.1-4.9) and 2.4 (1.1-5.7), respectively.
Parental education level was a stronger predictor in boys, where those with parents that
attended high school or obtained a two-year degree being more likely to be in the
moderate/low performance group, OR = 8.7 (1.8-43.0) and 3.7 (1.5-9.6), respectively.

In the full models for each school variable, controlling for gender, significant
predictors were only found for the interrupting other children variable (Table 5). Those
who did not meet physical activity recommendations were less likely to interrupt other
children’s work, OR = 0.7 (0.5-0.9). However, those with parents who attended high
school were more likely to interrupt other children’s work, OR = 2.1 (1.1-4.2). In the full
models, stratified by gender, it was found that boys with parents that attended some high
school were more likely to have difficulty staying on task and difficulty paying attention,
OR =4.6 (1.1-18.5) and 6.6 (1.3-32.9), respectively (Table 4). In girls, obesity was
predictive of being inattentive, OR = 2.2 (1.1-4.5). Not meeting physical activity
recommendations was predictive of a decreased tendency for girls to interrupt other

children’s work, OR = 0.5 (0.3-0.9) (Table 5).
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Table 4. Full Logistic Regression Model of Physical Activity, Weight Status, and

School Behavior Variables by Gender

Difficulty Staying on Task

Difficulty Paying Attention

Boys Girls Boys Girls
(n =283) (n =330) (n=283) (n=330)
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Physical Activity
Group
> 12,000 steps/day 1.0 1.0 1.0 1.0
< 12,000 steps/day 1.1(0.7,1.8)  0.8(0.5,1.3) 1.3(0.8,2.2) 0.7 (0.4, 1.1)
Weight Status
Normal weight 1.0 1.0 1.0 1.0
Overweight 0.9 (0.4, 1.6) 0.7(04,14) 0.7(0.3,1.3) 1.0 (0.5, 1.8)
Obese 0.8 (0.3, 1.7) 1.9(09,3.7) 0.8(0.3,1.8) 22(1.1,4.5)*
Parental Education
Grad/pro. degree 1.0 1.0 1.0 1.0
4-year degree 1.0(0.5,2.1) 0.9(0.5,1.8) 0.7(0.3,1.5) 1.2 (0.7,2.4)
2-year degree 1.2(0.5,3.0)0 1.2(0.5,2.6) 1.1(0.5,2.7) 1.6 (0.7, 3.6)
Some college 1.9(0.8,45) 1.1(0.5,2.4) 2.0(0.8,5.0) 1.4(0.7,3.1)
< high school 4.6 (1.1,18.5* 1.2(0.5,2.9) 6.6(1.3,32.9)* 1.5 (0.6, 3.5)

*indicates statistical significance (p < 0.05)

Table 5. Full Logistic Regression Model of Physical Activity, Weight Status,
and Tendency to Interrupt Other Children’s Work

All
(n=613)

OR (95% CI)

Boys
(n =283)

OR (95% CI)

Girls
(n=330)
OR (95% CI)

Physical Activity Group
> 12,000 steps/day
< 12,000 steps/day

Weight Status
Normal weight
Overweight
Obese

Parental Education Level
Graduate/professional degree
4-year degree
2-year degree
Some college
< high school

1.0

0.7 (0.5, 0.9)*

1.0
0.9 (0.6, 1.4)
1.2(0.7, 1.9)

1.0
1.0 (0.6, 1.6)
1.6 (0.9, 2.8)
1.3(0.8,2.3)

2.1 (1.1,4.2)*

1.0
1.1(0.6,1.7)

1.0
0.7 (0.4, 1.4)
0.6 (0.3, 1.4)

1.0
0.9 (0.4, 1.7)
1.5 (0.6, 3.5)
1.4 (0.6, 3.3)
2.5 (0.8, 7.6)

1.0

0.5 (0.3, 0.9)*

1.0
0.9 (0.4,1.7)
1.8 (0.9, 3.5)

1.0
1.0 (0.5, 2.0)
1.5 (0.7, 3.5)
1.2 (0.5, 2.6)
2.1(0.9,5.2)

*indicates statistical significance (p < 0.05)
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CHAPTER V

DISCUSSION

The goal of the current study was to determine the association between physical
activity, weight status, and grade-school performance while accounting for parental
education level. Physical activity was not predictive of academic performance, however,
obesity resulted in an increased risk for moderate/low performance. However, when
accounting for parental education level, neither weight status nor physical activity were
predictive of grade-school performance. Participants with parents that reported attending
high school, some college, or attained a two-year college degree were 3.0, 2.8, and 2.3
times more likely to have moderate/low grades, respectively, than those with parents of a
higher education level. When stratified by gender, a lower parental education level was
the only predictor of moderate/low academic performance in boys. Boys with parents
who attended high school or some college were 8.7 and 3.7 times more likely to have
moderate/low grades, respectively. Parental education level and obesity were equivalent
in strength as predictors of performance in girls. Girls were 2.4 times more likely to have
moderate/low grades if obese or they had parents reporting a two-year college degree.
Similarly, children of parents who attended some college had a 2.2 increase in the odds of

lower academic performance.
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Physical activity and parental education level were predictive of children
interrupting other’s work. Those not meeting physical activity recommendations were
30% less likely to interrupt others compared to those meeting physical activity
recommendations. When stratified by gender, this likelihood was increased to 50% in
girls. An opposite effect was found for those with parents who attended high school as
children were 2.1 times more likely to interrupt other children’s work than those with
parents who attained a graduate or professional degree. Weight status was predictive of
girls having difficulty paying attention in class as those who were obese were 2.2 times
more likely to be inattentive. In boys, parental education level was the only predictor of
school behavior. Boys with parents who attended high school were 4.6 and 6.6 times
more likely to have difficulty staying on task and paying attention, respectively.

Similar studies examining the relationship between physical activity, weight
status, and academic performance have found comparable results to the current study.
LeBlanc et al. (16) and Syvéoja et al. (26) used accelerometers to assess physical activity,
specifically time spent in MVPA, and GPA or standardized test scores to measure
academic achievement in grade school children. LeBlanc et al. (16) used free/reduced
lunch status (130 — 185% below the poverty line), as opposed to parental education level,
to quantify socioeconomic status (SES). Both studies found significant correlations
between academics and their respective SES variables. However, these associations were
weak (0.19-0.28). In controlling for SES, physical activity was found to have no
association with GPA nor test scores. BMI percentile was associated with academic

achievement, but the inclusion of SES greatly attenuated the relationship.
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Distinctions in the methodology of these studies can support or dispute the
relationships found. 84.7% of the sample in LeBlanc et al. (16) received free/reduced
lunch. 79% of the Syvaoja et al. (26) sample had parents with a tertiary education level.
In the current study, 72.2% of children had parents with at least a two-year college
degree. Vast differences in SES led to the same conclusions, thus increasing the
generalization of the results. In measuring physical activity, LeBlanc et al. (16) utilized a
3-day measurement period compared to a 7-day period used in Syvaoja et al. (26) and the
current study. With a shorter measurement period, it is unclear how representative the
physical activity data is of actual activity levels.

Though SES was found to be associated in the current study and previously
mentioned studies, inclusion of mother’s education level was found to have no
association with achievement in neither adolescent boys nor girls after all variables,
including physical activity intensity measured via an accelerometer, were included (15).
Measurements in adolescents can lead to differences in results than if measuring children
as in the current study. Another study found poverty index, measured by lunch status, to
be unrelated to test scores (4).

Physical activity was found to have no association with academic performance in
other studies as well. In elementary school children, there was a weak, non-significant
association between cardiovascular fitness, as measured by FITNESSGRAM, and test
scores (27). Several studies have found physical activity to be predictive of academic
achievement, one of which utilized an objective measure of physical activity. Kwak et al.
(15) found time spent in MVPA in girls was associated with better test scores. High

school adolescents were used in this study making the results less comparable to younger
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children’s success due to the developmental changes that are ongoing in these age groups.
Several studies using the FITNESSGRAM battery have found positive associations
between aerobically fit students and higher test scores (3,4,22,24). SES attenuated the
relationship but statistical significance remained in Roberts et al. (24). Those in the
“healthy fitness zone” for cardiovascular fitness (35.3%) were less than those meeting
physical recommendations in the current study (44.6%).

In the current study, obesity was associated with low/moderate academic
performance only before the inclusion of parental education level. Van Dusen et al. (27)
and Rauner et al. (22) also found the relationship between BMI percentile and academic
achievement weakened with the inclusion of school lunch status. Due to the lack of
homogeneity in these samples, caution should be used in comparing these results. Roberts
et al. (24) found the BMI-for-age relationship with standardized test scores was
attenuated with the inclusion of free/reduced lunch status but still remained statistically
significant in 5%, 71, and 9" grade students. Age differences between the current study
and Roberts et al. (24) lead to a decreased generalization of the inconsistent results.

Physical activity and weight status had no association with children’s ability to
stay on task. These results have been previously found in experimental studies utilizing
physical activity interventions. Grieco et al. (12) randomly incorporated 10-15 minute
active academic lessons, involving MVPA, into 3™ grade classrooms. Following the
active lesson, children’s time-on-task increased from prior to the lesson, but the increase
was non-significant. BMI was also found to have no interaction with staying on task.
Contrary to these findings and those of the current study, Mahar et al. (19) found a 10
minute physically active academic lesson occurring each day for 12 weeks consistently
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improved elementary school children’s on task behavior by 8% following the lesson.
Both of these previous studies examined the acute effects of physical activity on on-task
behavior. Comparison of these results to the current study is difficult, since the current
study examined the relationship using habitual physical activity with an observational
design.

Physical activity was not predictive of children’s ability to pay attention in class
in the current study. This was similarly found in an intervention study utilizing an
objective measure of attention in overweight youth. Cognitive Assessment System (CAS)
Attention scale scores were no different between intervention groups receiving 20 or 40
minutes of after-school physical activity 5 days a week and a control group following the
15 week intervention (10). Due to the standardized assessment of attention, it is unknown
how these results translate to youth’s attention in the classroom. Also, the use of
overweight subjects makes these results less comparable to the current study, in which
approximately one-third of subjects were overweight or obese. One study did find an
opposite effect of physical activity on attention in elementary school children. Pellegrini
et al. (21) found 2" and 4™ grade children’s inattention was greater prior to 30 minutes of
recess than after. Attention in the previous study was defined by the children’s gaze
during the reading lessons prior to and following recess. Operationalization of students’
attention is unknown in the current study.

Obesity was predictive of inattention in girls. Weight status was found to be
associated with decreased attention in girls in a previous study as well. In a longitudinal
study following children from kindergarten to 3™ grade, girls who were always obese or

became obese had a decreased approach to learning than girls who were never obese after
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the inclusion of mother’s education level and familial income (9). The measurement of
individuals’ approach to learning was a combined measure of attention along with other
learning variables. Therefore, it is unknown if attention was exclusively related to weight
status. A study utilizing the same methodology cross-sectionally in 3™ grade students
found girls who were obese had a decreased approach to learning compared to girls of a
normal weight status, but mother’s education level and familial income attenuated the
relationship to be non-significant (14). Both of these previous studies also found that
weight status was unrelated to approaches to learning which was similarly found in the
current study. Discrepancies in the methodology between the previous studies and the
current study make for unclear comparisons and results regarding the relationship
between attentiveness and weight status.

Physically active youth were more likely to interrupt other children’s work. The
likelihood of disrupting others was increased for physically active girls. We were unable
to identify any previous research between physical activity and disruptive classroom
behavior in youths without a clinical disability. A possible reasoning that physically
active children were more disruptive of other children’s work is that physical activity
improves mood states. Children that are active are more alert and in better moods which
can cause them to be more social and possibly interrupt their peers. Some previous
studies have found weight status to be predictive of external behavior problems,
including interruptive behavior. Obesity was associated with more external behavior
problems in kindergarten and 3™ grade students (9). Obese girls were more likely to
exhibit external behavior problems in the classroom, after the inclusion of SES variables

(9,14). As with the attention measures mentioned previously, external behavior
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encompassed other variable measurements aside from disruptive behavior. Associating
interruptive behavior with weight status in these studies is unwarranted.
Limitations

There were several limitations to this study. One limitation is the unequal
distributions into the high and moderate/low performance groups, 33.4% and 66.6%,
respectively. This was due to the defining of high and moderate/low performance.
Teachers generally rated students very positively as the teachers estimated that a majority
of the students had A grades and approximately 10% had a C or lower. The groupings of
A+ to A and A- to F were used to create a more equal distribution of participants.
Another limitation is the teacher estimation of grades and school behavior. Grades were
an approximation of how well they were performing in each class subject and may not be
the children’s actual overall grade. Also, the sample was fairly attentive and well-
behaved in the classroom as determined by the teachers. This can lead to inconsistencies
of how attentiveness, staying on task, and interrupting students are defined. In addition to
having a positively rated, well-behaved population, subjects were also more fit in terms
of steps per day with nearly half of the children meeting physical activity
recommendations. These results may not be applicable to unfit populations. Finally,
though an objective measure of physical activity was used, pedometers are limited in the
activities they can detect. Pedometers do not account for activities such as bike riding or
swimming. Therefore, children’s physical activity levels may be underestimated when

using steps counts per day.
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CHAPTER VI

CONCLUSION

Physical activity was not associated with grade-school performance overall, but
less active children were less likely to disturb others. For girls, obesity was predictive of
low/moderate academic performance and a tendency to be inattentive. However, parental
education level was the strongest predictor of grade-school performance and classroom
behavior in all analyses. Further research is warranted utilizing objective measures of
habitual physical activity paired with physical activity questionnaires. This will account
for the lack of sensitivity in activity monitors in picking up certain activities. Also,
objective measures of academic performance, such as students’ grade point average, and
more definitive definitions of school behaviors should be used to determine the true

extent of the associations.
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