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Abstract:

Introduction: Increased emphasis in boosting academic achievement in schools has led to declining amounts of
time allotted for physical activity. Studying the impact of physical fitness on academic achievement is essential
to understanding the role physical activity may have on academic performance. The objectives of this study
were: 1) To assess the obesity and fitness levels of school children in Louisiana 2) To compare the fitness levels
with academic performance using standardized test scores.

Methods: The sample for assessing overall fitness levels and obesity status consisted of 19,695 students from
public schools in Louisiana. Results from standardized test scores (reading and math) were matched for students
in grades 4, 8 and 10 (n = 5321). Obesity status was calculated using body mass index (BMI), while PACER,
trunk lift, curl up, push up and shoulder stretch were used to measure fitness levels. Pearson’s Chisquares were
calculated for analyzing categorical variables and multiple analysis of variance (MANCOVA) tests were
performed to analyze fitness levels with raw test scores (continuous variables).

Results: Students who achieved healthy fitness zones for fitness tests scored significantly higher (P < 0.05) in
both math and reading. Similarly, students who had healthy BMI performed significantly better (P < 0.05) in
math and reading compared to those who were obese or overweight.

Conclusions: Greater emphasis should be given to improve physical fitness levels of students. Incorporating
interventions to promote aerobic activities will not only help reduce childhood obesity but can also improve
academic outcomes.
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Introduction

Childhood obesity is both a national and local concern as alarmingly high numbers of school-age
children are either overweight or obese. The Centers for Disease Control and Prevention (CDC) reports that an
estimated 17% of children ages 6-19 years are obese, and in Louisiana, where this study was conducted, 20.7%
of school age children ages 10-17 years are reportedly obese (Ogden, 2008; Levi, 2011). The health risks related
to childhood obesity are also growing rapidly. Obesity can adversely impact a variety of conditions, such as
hypertension, asthma, diabetes, sleep apnea, bone disorders and gall bladder diseases (Transade, 2008). The
national cost of obesity-related illnesses more than doubled from 2001 to 2005 (from $53.6 million to 118
million) as measured by Medicaid data. Further, hospitalizations of children ages 2 to 19 years where obesity
was listed as a diagnosis, rose from 21,743 in 2001 to 42,429 in 2005 (Transade, 2008).

Research has shown the connection between physical inactivity and improper diet to obesity (Eaton,
2008). Poor diet, which is commonly characterized by excess intake of fats and sugars and inadequate intake of
whole grains and fresh fruits and vegetables, is half of the energy balance equation in relation to unhealthy
weight gain (Florence, 2008; Nicklas, 2004). The other half of the energy balance equation relates to physical
activity. The more time an individual spends in sedentary activities, the more likely they are to gain unhealthy
weight (Nelson, 2006, Patrick, 2004). Alternately, leading a healthy lifestyle which includes a proper diet and an
adequate amount of physical activity has been shown to have numerous health benefits including increased
longevity and decreased risks for many diseases (Danaei, 2009).

More recent studies have looked at other benefits to a healthy lifestyle, including better mental health
and cognitive performance (Lumeng, 2003). In children, this is often measured in school academic performance
and discipline outcomes. Recent studies have specifically looked at associations between body mass index (BMI)
and academic correlations as well as the association between aerobic capacity as a measure of physical fitness
and academic outcomes (Roberts, 2010; Chomitz, 2009; Welk, 2009). Unfortunately, while relationships
between physical activity and academic performance are being studied, many schools and school districts are
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implementing policies that reduce the opportunities that children have for physical activity during the school day
(Trost, 2011).

The purpose of this study was to assess the relationship between physical fitness and academic
performance of school children. The objectives of this study were: a) to assess the levels of physical fitness
among school children (K — 12); b) to assess the relationship between physical fitness and academic performance
(math and reading). In order to achieve the study objectives, a large sample of students (over 25,000) in
Louisiana public schools underwent physical fitness assessments and academic performance testing.

A research center at a public university in partnership with local school districts began piloting the use
of the fitness assessments using some subtests of Fitnessgram as a health and fitness measurement in 2007 as
part of its Coordinated School Health (CSH) initiative (Welk, 2008). The CSH initiative seeks to improve the
health and well-being of students and thereby maximize their academic abilities. Components of the CSH
initiative include physical education, health education, nutrition services, mental health and counseling services,
health services, and family and community involvement. In 2009-10, the research center collected and analyzed
locally administered fitness assessment data on more than 25,000 public school students in Louisiana.

Materials and Methods

Subjects

In 2009-10, public school students in Louisiana participated in a health-related physical fitness
assessment as part of a state legislative act as a part of legislative act 256 (State of Louisiana, 2011). The fitness
assessment was used in fifteen participating school systems, and in each school system, at least one feeder
system (same elementary, middle and high school attendance zone) participated in the testing. Utilizing feeder
systems enabled data collection across all age groups and grades. Further, the use of feeder systems facilitates
establishing the longitudinal data collection process related to the CSH initiative.

Instruments

The Fitnessgram is a physical fitness assessment, and it is the only physical fitness measurement tool to
use criterion-referenced standards called “Healthy Fitness Zones” (HFZ), by age and gender. The Fitnessgram
measures four components of health-related physical fitness that have been identified as important to overall
health and function: 1) aerobic capacity; 2) body composition; 3) muscular strength and endurance; and 4)
flexibility.

These components are measured by five sub-tests and BMI calculation: Progressive Aerobic
Cardiovascular Endurance Run or PACER (aerobic capacity), curl-ups, trunk lifts, push-ups (strength and
endurance) and shoulder stretches (flexibility). The results of these sub-tests place each student either within or
outside the Healthy Fitness Zone (HFZ). Additionally, BMI, which is a measurement that calculates an
individual’s body mass based upon height, weight, age and gender factors, was collected. Calculations were
completed using CDC Growth Charts (CDC, 2010).

Procedure

The fitness assessments were administered by designated school personnel, consisting primarily of
physical education teachers and some school nurses. Specifically, school personnel were trained on
administering the assessment protocol, completing the assessment score sheet and submitting data to UL
Lafayette for analysis and reporting. Data was submitted either electronically or as a hard copy, depending on
availability of resources at each school. Further, test kits were given to all trained school system personnel.
Additional training and technical assistance were provided to the school systems as needed.

Data Analysis

Demographic variables including student’s date of birth, gender, race/ethnicity and grade level were
collected by the test administrators. These variables were later confirmed by matching the student records with
the SIS (Student Information System) database, that includes the latest enrollment data for all schools. BMI data
variables collected were height and weight. BMI-determined weight status (healthy weight, overweight, obese
and underweight) was then calculated with the use of growth charts provided by the Centers for Disease Control
(CDC, 2010). Although the Fitnessgram includes several sub-tests, the PACER, curl-up, trunk lift, push-up and
shoulder stretch were selected for this study due to ease of administration, use of little or no equipment and its
probability for minimum testing/measurement errors.

In order to measure academic performance, standardized test scores from LEAP (Louisiana Education
Assessment Program) were used. Typically, the LEAP is administered in grades 4, 8 and 10. Academic
performance was assessed by the math and reading (ELA — English Language Arts) levels of students.

Upon receipt of school system collected data, all information was entered into an Access file database
(Microsoft, 2007). Exclusion criteria in the data entry process were illegible forms and incomplete entries (i.e.,
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missing required variables: birth date, gender). This database enabled creating secondary variables and entering
reports. Secondary variables that were generated included BMI, obesity status, healthy fitness zones for each
fitness sub-test and an overall fitness score. Data quality checks were made during and after the data entry
process to ensure the accuracy of data entry. The master dataset was screened for potential outliers and those
entries that seemed to have unrealistic values were deleted. In order to analyze the fitness and academic scores, a
match to the state Department of Education’s Student Information System (SIS) was conducted that would link
the student identifiers with their academic scores. Once the dataset of fitness measures were matched to SIS,
inconsistent entries with regard to race, gender or age were deleted from the database. Finally, a usable dataset
with a sample size of 19, 695 (from the original 25,000) were obtained upon utilizing all the exclusion criteria.
Using the primary variables, several secondary measures were computed to aid in data analysis. Based upon
whether a student performed in the HFZ for a particular sub-test, he or she was either given a 1 (pass) or a 0
(fail). A new variable called “Overall Fitness Score” was derived by adding the results for all five fitness sub-
tests. Therefore, a student could achieve an Overall Fitness Score between 100% (scoring in the HFZ in all the
sub-tests taken) and 0% (scoring in the HFZ in none of the sub-tests). The overall fitness score provided a
measure to comprehensively assess the physical fitness levels of students.

Upon calculating the secondary variables, Pearson’s Chisquares were obtained to assess the relationship
between overall fitness scores and academic performance (categorical variables). In order to eliminate potential
confounders, all analyses were controlled for race and gender. Separate models were obtained for assessing math
and reading scores with regard to overall fitness score. Finally, multiple analysis of variance (MANCOVA) was
performed utilizing math and reading scores as continuous variables.

Results

Overall results indicated that 47% of participating K-12 students had healthy weight, 31% were obese
and 19% were overweight with the remaining 3% classified as underweight (n = 19,695). With regard to the
performance in the sub-tests, PACER had the lowest rate of achieving HFZ (39%), followed by push-up (40%),
curl-up (42%), shoulder stretch (67%) and trunk-lift (80%).
Figure 1 represents the distribution of overall fitness score. Only 9% of the students achieved HFZ’s in all the
five subtests, while 5% of the students failed to achieve HFZ’s in all the tests. The majority of the students
achieved HFZ’s in either 2 out of 5 tests (32%) or 3 out of 5 tests (34%).

m Passed 100%of
subtests (n=1,465)

20% Passed 75-99%of
subtests (n=3,256)

Passed 50-74 %of
subtests (n=5,535)

Passed 1-50% of
subtests (n=5,209)

m Passed 0% of
subtests (n=814)

32%

34%

Figure 1: Statewide Distribution of Overall Fitness Scores (n = 16,279) Overall fitness score and math
performance

Figure 2 represents the relationship between overall fitness scores and math performance, as assessed in
the LEAP test. The highest level of academic performance in LEAP test is indicated as “advanced” (ADV),
followed by “mastery” (MAS), “basic” (BAS), “approaching basic” (APB), and “unsatisfactory” (UNS). The
slope of the bar-sets in the figure indicate the significance of relationship.
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2009-10 Fitness Assessment Scores within HFZby Math LEAP
Passage Categories (n=4,629)

50%
40%
é 30% m ADV
E 20% MAS
BAS
10%
m APB
0% - = UNS
Passed 100% Passed 75-99% Passed 50-74% Passed 1-49% Passed 0%
of subtests of subtests of subtests of subtests of subtests

Healthy Fitness Zone Categories

Legend:

ADYV (Advanced): A student at this level has demonstrated superior performance beyond the level of mastery.
MAS (Mastery): A student at this level has demonstrated competency over challenging subject matter and is
well prepared for the next level of schooling.

BAS (Basic): A student at this level has demonstrated only the fundamental knowledge and skills needed for the
next level of schooling.

APB (Approaching Basic): A student at this level has only partially demonstrated the fundamental knowledge
and skills needed for the next level of schooling.

UNS (Unsatisfactory): A student at this level has not demonstrated the fundamental knowledge

Figure 2: Relationship of Overall Fitness Measure and Math Performance Pearson’s Chisquares indicated a
statistically significant relationship between MATH performance and fitness scores (p < 0.05). The strength of
relationship is indicated in the slopes (passed 100% of all tests and passed 75 — 99% of the tests) that have
highest levels of ADV and MAS categories. Among those students who passed most of the fitness subtests
(passed over 75% of the tests) the majority obtained ADV or MAS levels in math. Conversely, among those
students who failed to achieve HFZ’s in 3 or more tests, the majority achieved BAS or UNS levels in math tests.
Those students who had an average performance in overall fitness scores (passed 50 — 75% of the subtests) had a
mix of all levels of achievements in math scores.
Overall fitness score and ELA

Figure 4 represents the relationship between overall fitness scores and ELA performance, as assessed in
the LEAP test. Pearson’s Chisquares indicated statistically significant relationship between ELA performance
and fitness scores (p < 0.05). The strength of relationship is indicated in the slopes (passed 100% of all tests and
passed 75 — 99% of the tests) that have highest levels of ADV and MAS categories. Among those students who
passed most of the fitness subtests (passed over 75% of the tests) most obtained ADV or MAS levels in math.
Conversely, among those students who failed to achieve HFZ’s in 3 or more tests, most achieved BAS or UNS
levels in math tests. Those students who had an average performance in overall fitness scores (passed 50 — 75%
of the subtests) had a mix of all levels of achievements in math scores.

2009-10 Fitness Assessment Scores within HFZ by ELA LEAP
Passage Categories (n=4,629)
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Passed 100% Passed 75-99%Passed 50-74% Passed 1-49% Passed 0%
of subtests of subtests of subtests of subtests of subtests

Healthy Fitness Zone Categories

Legend:
ADYV (Advanced): A student at this level has demonstrated superior performance beyond the level of mastery.

MAS (Mastery): A student at this level has demonstrated competency over challenging subject matter and is
well prepared for the next level of schooling.
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BAS (Basic): A student at this level has demonstrated only the fundamental knowledge and skills needed for the
next level of schooling.
APB (Approaching Basic): A student at this level has only partially demonstrated the fundamental knowledge
and skills needed for the next level of schooling.
UNS (Unsatisfactory): A student at this level has not demonstrated the fundamental knowledge

Figure 3: Relationship of Overall Fitness Measure and ELA (English Language and Arts)
Performance

In addition to the results indicated in figures 2 and 3 that used academic performance as categorical
variables, MANCOVA was performed using math and ELA scores as continuous variables. As indicated in
Figure 4, overall fitness score had statistically significant relationship with both math and ELA scores (p < 0.05).
The strength of relationship of overall fitness score was significantly higher for math compared to ELA.

Effect of 2009-10 Fitness Assessment Resultson Spring 2010
LEAP Raw Scores (n=4,098)
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Fitness Assessment Passage Categories

Figure 4: Multiple Analyses of Variance (MANCOVA) for Overall Fitness Score on Math/ELA Scores

Fitness subtests and academic performance

Apart from analyzing overall fitness scores, separate analyses were conducted for individual subtests.
As shown in Table 1, all fitness subtests except curl-ups had statistically significant relationships with regard to
math and ELA performance. Among all the fitness subtests, PACER had the highest level of significance in both
ELA and math (chisquare of 139.5 and 98.6). This finding highlights the importance of aerobic capacity with
regard to academic performance.

Table 1: Pearson’s Chisquares for Fitness Subtests and Academic Measures

LEAP ELA LEAP Math

Test ChiSquare (Pearson)P-valueChiSquare (Pearson)P-value
PACER 139.5 <0.001 98.6 <0.001

Curl Up 4.8 0.31 8.93 0.627

Push Up 11.1 0.026 23.9 <0.001
Trunk Lift 34.7 <0.001 46.4 <0.001
Flexibility 46.1 <0.001 34.5 <0.001
Overall Fitness Score 119.6 <0.001 146.4 <0.001

Discussion

This study was a first step in understanding the relationship between physical fitness and academic
performance of K-12 students, particularly in Louisiana. The large sample allowed for statistical analyses that
would allow for the control of race, age and gender. The results highlighted the problem of childhood obesity
both nationally and in Louisiana, and the subsequent connection to lower academic achievement. Over time, the
issue of childhood obesity could result in a significantly higher percentage of adults classified as overweight or
obese.

Several statistically significant findings were observed in this study. First, the overall fitness score had a
significant relationship with math and ELA performance when analyzed either by achievement levels or as raw
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scores. Second, results indicated a stronger relationship of fitness scores with math compared to ELA scores.
This finding has significance, since statewide as well as nationally, math scores tend to lag behind reading
scores. Third, since PACER had the strongest relationship with academic performance, it makes sense to focus
on aerobic activities in schools to boost academic performance. Computing HFZ is adjusted to age and gender —
and hence, the results can be generalized to overall student population. Further, the analyses were controlled for
race and minimized potential bias.

Currently, many states like Louisiana mandate at least 150 minutes of physical education per week in
grades K-8, but they do not require daily recess. Further, many states including Louisiana require high schools to
provide physical education, but often only 1.5 credits for graduation (AAHPERD, 2011). Due to fewer hours of
physical education requirements, the majority of high school students in Louisiana do not obtain physical
education hours in a given academic year. Given the strong relationship with academic performance and physical
fitness, it makes sense to increase physical education time to contribute to children’s health.

Limitations

The results of this study — specifically the analyses for math and ELA were based only on LEAP scores
(testing conducted for grades 4, 8 and 10). This did not allow for statistical analyses for those who were in
grades that do not participate in the LEAP test. Future studies should assess both LEAP as well as iLEAP
(Integrated Louisiana Educational Assessment Program - which is taken by students in grades 3, 5, 7, 9 and 11)
so as to obtain analyses a larger number of students. Another limitation of this study was that the fitness
assessments were conducted during regular physical education periods. Since the high schools in Louisiana have
much lower requirement for physical education compared to middle schools, fitness assessments could not be
conducted for those students who were not registered for PE classes. The research team is hopeful that BMI will
be obtained for all students in the high schools in 2010-11 year so as to obtain a larger sample. Despite these
limitations, the study obtained a sample size that could provide adequate power to conduct all the statistical
analyses.

Conclusions

Results of this study are consistent with previous research that has demonstrated the importance of
aerobic fitness with regard to boosting academic performance. These results will assist researchers, school
district administrators and other interested policymakers in understanding childhood obesity from multiple
perspectives. The study findings provide a growing body of evidence to law makers and school administrators to
emphasize the importance of physical activity in schools. Increasing the levels of physical activity may reduce
the prevalence of childhood obesity, and may also improve the academic performance. Examples of physical
activity can also be included in classes other than physical education (Bryan,2010). Future studies should look
into interventions incorporating increased physical activity as a means to improve academic performance.

Obese and overweight children, with and without diagnosed medical conditions, can impact the
effective functioning of schools in myriad ways. From difficulties to navigating the physical environment of
schools to navigating the social and emotional landscape of schools, obese students often struggle physically,
emotionally and academically. Schools, therefore, are a natural place to intervene in the childhood obesity
epidemic. Schools would no doubt benefit from students who were physically fit, mentally and socially healthy,
and academically prepared. Over 95% of American children ages five to seventeen years are enrolled in schools
and no other public institution has as much “continuous and intensive contact” with children in their formative
years (Story, 2006). Schools are in a position to promote proper nutrition, appropriate physical activity and other
healthy choices through school nutrition programs, physical and health education, recess, nursing services and
even the regular classroom.
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