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Physical Fitness and
Academic Achievement in
Third- and Fifth-Grade Students
Darla M. Castelli, Charles H. Hillman,
Sarah M. Buck, and Heather E. Erwin
University of Illinois at Urbana-Champaign
The relationship between physical fitness and academic achievement has received
much attention owing to the increasing prevalence of children who are overweight
and unfit, as well as the inescapable pressure on schools to produce students who
meet academic standards. This study examined 259 public school students in
third and fifth grades and found that field tests of physical fitness were positively
related to academic achievement. Specifically, aerobic capacity was positively
associated with achievement, whereas BMI was inversely related. Associations
were demonstrated in total academic achievement, mathematics achievement,
and reading achievement, thus suggesting that aspects of physical fitness may
be globally related to academic performance in preadolescents. The findings are
discussed with regards to maximizing school performance and the implications
for educational policies.
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Physical inactivity among youth and its relation to heightened incidences of disease, such as childhood obesity and type 2 diabetes mellitus, has become a national
health concern (U.S. Department of Health and Human Services [USDHHS], 2000).
Nearly half of young people, ages 12–21, are not vigorously active on a regular
basis (USDHHS, 2000), yet physical activity poses a wealth of benefits to those who
participate regularly (e.g., in the areas of adiposity, mental health, musculoskeletal
health; Strong et al., 2005). In general, the training effects associated with increased
physical activity in children are considered small but positive (Payne & Morrow,
1993), with the benefits outweighing the potential risks. Of greater importance
might be the indirect relationship of childhood activity behaviors tracking into
adulthood (Janz, Dawson, & Mahoney, 2000), potentially limiting the prevalence
of risk factors related to cardiovascular disease in later life. Despite consensus of
the positive effects related to physical activity and fitness (Strong et al., 2005), the
benefits to cognitive health and the educational experience remain unclear.
The authors are with the Department of Kinesiology and Community Health, University of Illinois,
Urbana, IL.
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Educational and health professionals have intuitively believed that individuals who are physically active and fit perform better in school. Several studies have
documented a positive relationship between physical fitness and academic achievement or other cognitive performance measures (California Department of Education
[CDE], 2001; Maynard, Coonan, Worsley, Dwyer, & Baghurst, 1987; Shephard et
al., 1984; Shephard, LaVallee, Volle, LaBarre, & Beaucage, 1994), whereas other
studies have observed small (Daley, & Ryan, 2000; Dwyer, Coonan, Leitch, Hetzel,
& Baghurst, 1983) or negative relationships (Tremblay, Inman, & Williams, 2000).
Additionally, physical activity has been positively associated with cognition (Sibley
& Etnier, 2003; Coe, Pivarnik, Womack, Reeves, & Malina, 2006; Shephard, 1997;
Tomporowski, 2003). Beyond the educational setting, measures of standardized
testing or grades are representative of cognitive functioning, which has also been
associated with physical fitness (Etnier et al., 1997; Hillman, Castelli, & Buck,
2005). Despite these positive associations, not all research has supported this conclusion (Tremblay et al., 2000), thus warranting further examination.
A research study conducted by the CDE (2001) attempted to identify the
relationship between physical fitness and academic achievement. In this study,
reading and mathematics scores from the Stanford Achievement Test were individually matched with the fitness scores (Fitnessgram; Cooper Institute for Aerobic
Research, 1999) of 353,000 fifth graders, 322,000 seventh graders, and 279,000
ninth graders. A positive relationship was observed between physical fitness and
the Stanford Achievement Test across all three grade levels, such that higher levels
of fitness were associated with higher academic achievement. Similar research
conducted in a school setting by Coe et al. (2006) extended the findings of CDE
(2001) because they observed a positive relationship between vigorous physical
activity and higher grades in school.
The Sports, Play, Active Recreation for Kids (SPARK) program, enacted
in a single school district, was intended to increase levels of physical activity
engagement to improve health-related fitness, motor skills, and enjoyment. The
curriculum required classes to be taught a minimum of three days per week for an
entire school year. A typical lesson was 30 min and contained both health-related
fitness activity and skill activity. The curriculum also delivered self-management
content intended to teach the students strategies for behavioral change. A study
by McKenzie, Sallis, Faucette, Roby, and Kolody (1993) compared the effects of
professional development on implementation of the comprehensive program for
three different conditions: (a) physical education (taught by specialists), (b) elementary classroom (taught by classroom teachers trained in providing effective,
age-appropriate physical activity), and (c) control (physical activity provided by
elementary school classroom teachers without training). It was concluded that students in the intervention groups had substantially more opportunities to be physically
active. A follow-up study (McKenzie, Sallis, Kolody, & Faucette, 1997) confirmed
the initial findings, suggesting that professional development can help physical
education specialists and classroom teachers increase physical activity and fitness
in children. During participation in the SPARK intervention, measures of academic
achievement—the Metropolitan Achievement Tests (MAT6 and MAT7)—were
collected for comparison across the three conditions. The most valuable finding
from this study was that taking time away from academic courses and replacing it
with physical education curricula did not adversely affect academic performance
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(Sallis et al., 1999). Although there were positive trends in the relationship, the
intervention groups did not score significantly higher on academic standardized
testing as a result of increased physical activity engagement. However, findings
from this study have limited application as it was conducted in an already highachieving, affluent school district.
Despite these initial efforts, future research is necessary to better determine
the role that physical fitness has on academic performance. Most importantly, the
potential influence of sociocultural variables, and poverty in particular, should be
examined due to the relationship between these variables and both fitness and cognitive performance (Duncan, Duncan, Strycker, & Chaumeton, 2002; Mezzacappa,
2004). Additional research is needed to account for possible effects related to the
administration of the Fitnessgram (and other field-based measures of fitness) and to
ensure that students are properly familiarized with these tests, in order to improve
the validity of the collected fitness data. Further, analyses in previous studies did
not discriminate between muscular and aerobic fitness. As such, the data only
provide for a general understanding of the relationship between physical fitness
and academic achievement. A more refined approach, which examines the relative
contribution of the different components of fitness (e.g., aerobic, muscular, and
body composition) is of interest to better understand the potential influence of the
various aspects of fitness on cognitive performance.
Other cognitive research has recently linked aerobic fitness to improvements
in neuroelectric and behavioral performance of children during a stimulus discrimination task (Hillman et al., 2005). The findings suggested that higher fit children
exhibited greater allocation of attentional resources to working memory, supporting
previous research examining fitness and cognition in adult populations (see Kramer
& Hillman, 2006 for review). Further, Sibley and Etnier (2003) conducted a metaanalysis, which confirmed that a small but significant relationship between physical
activity and cognitive performance existed in school-aged children. Their findings
revealed that physical activity may be beneficial to cognitive health in children,
with the largest effects found for IQ and academic achievement.
The present context of schools and public health issues make examination
of this relationship timely, as federal mandates (e.g., No Child Left Behind) have
increased pressure on administrators and teachers to produce students who achieve
basic levels of competency in reading, mathematics, and science, through the promotion of equal opportunity for all economical levels. Standardized achievement
tests are an inescapable fact of life in U.S. public education. Despite initiatives
such as SPARK, the foci of the school curricula and after-school programs are
on achievement in academics, rather than on public health issues, indicating low
prioritization of health problems facing America’s youth.
Accordingly, the purpose of the present research was to investigate the relationship between physical fitness and academic achievement among third- and
fifth-grade students using a field test of fitness, which is routinely administered in
physical education classes, and academic achievement on the Illinois Standards
Achievement Test (ISAT). Specifically, we conducted a detailed analysis of the relationship between the components of physical fitness (e.g., aerobic capacity, muscle
fitness, and body composition) and academic achievement (e.g., mathematics and
reading) within schools that were selected based on several sociocultural variables.
It was hypothesized that aerobic fitness would be most associated with academic
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achievement. Further, based on previous research with children (Hillman et al. 2005;
CDE, 2001), fitness would be globally related to academic achievement.

METHODS
Context
The Illinois School Report Card is a public document of school effectiveness as it
relates to academic achievement in the context of the instructional setting. School
report cards are published by district and school and contain information regarding
school demographics, income rate, dropout rate, attendance, enrollment, school
finances, and student achievement of the standards in reading and math. The report
format allows for easy comparison of school effectiveness by school, district, and
state while considering racial/ethnic background and the amount of economically
disadvantaged children. This study was conducted in a single school district in a
medium-sized urban community. Of the 11 public elementary schools, four were
selected for participation specifically because of school performance (academic
performance in relation to the number of student receiving free/reduced lunch;
academic performance by ethnicity and race), poverty index, and neighborhood
crime rate in an attempt to obtain a balanced socioeconomic and academically
performing sample.
From the school district report cards, four schools were selected. Two schools
were considered academically effective as 76.3% of the students met or exceeded
the standard in mathematics and 86.4% in reading. Alternatively, the other two
schools had only 46.2% of the student body meet or exceeded the standard in
mathematics and 40.4% in reading. Illinois Department of Education and other
public documents were used to determine the average socioeconomic status of
the entire student body for recruitment purposes. For two of the schools, 24.3%
of the student body received free/reduced lunches/breakfast, whereas 66% of the
student body received free/reduced meals at the other two schools. Despite differences along these sociocultural variables, schools in the same district were utilized
to ensure that each participant was receiving similar amounts of physical activity
within the school day (e.g., recess, physical education taught by specialists as
opposed to classroom teachers).

Participants
Parental informed consent was obtained from 68% of the third- and fifth-grade
students (n = 582) enrolled across the four schools. Any student with an individual
education plan as a result of disability was excluded from the study. Also, any
student who did not complete all of the annual ISAT testing, moved out of district,
or did not complete all of the Fitnessgram tests was excluded from the study. Thus,
the study sample comprised 259 participants (Mage = 9.5, SD = .74, male = 132),
with an ethnic distribution of 78% Caucasian, 12% African American, 5% Asian,
3% Hispanic, 2% other. Each of the participants completed five components of
the Fitnessgram physical fitness test and two content areas of the ISAT. In the final
sample, 130 participants (i.e., 50% of the study sample) received free/reduced lunch,
thus reflecting the fact that half the sample came from households with incomes
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130% to 185% above the poverty line. Forty-four percent did not participate in the
free/reduced lunch program, and data could not be obtained for 14 participants.

Measures
The Fitnessgram was developed as a way to increase parental
awareness of physical fitness assessments in children (Cooper Institute for Aerobics
Research, 1999). Endorsed by the American College of Sports Medicine (ACSM,
2006), the Fitnessgram is a valid and reliable (Welk, Morrow, & Falls, 2002) battery of assessments used to identify muscle fitness, aerobic capacity, and body
composition. The fitness tests were completed during regularly scheduled physical
education classes and administered by the researchers to ensure consistency in test
administration. During the initial class, the participants were familiarized with each
test through demonstration and were allowed to practice the testing protocols under
conditions similar to testing. During the second class, the participants completed
the Progressive Aerobic Cardiovascular Endurance Run (PACER) to assess aerobic
capacity. The PACER is a 20-m shuttle run that progressively increases in difficulty.
During the third class, the muscle fitness tests (push-ups and curl-ups to a specific
cadence), and the back-saver sit and reach test (which measures hip flexor and
hamstring flexibility) were completed. Body composition was also obtained through
height and weight measures and converted to body mass index (BMI) for scoring.
The tests were scored through the use of Fitnessgram software, which identified
whether the scores fell within the “Healthy Fitness Zone,” based on criteria established by the Fitnessgram Scientific Advisory Committee. Participants received
objective feedback and positive reinforcements through a computer-generated
printout of their testing results.
Fitness Testing.

Participants completed the ISAT, which is
administrated annually to third- through eighth-grade students in Illinois public
schools. These tests serve as public notification of student performance, they
monitor individual student progress, and they are used for identification of school
effectiveness. The ISAT tests were deemed valid and reliable through analysis of
past ISAT tests and comparison to test questions from the Prairie State Achievement
Examination (PSAE) and Illinois Measure of Annual Growth in English (IMAGE).
The third- and fifth-grade participants completed a battery of tests across a 5-day
period, in 40-min intervals. Questions included both multiple choice and extended
response items in mathematics and reading. Specifically, for mathematics, some
questions required computations, whereas others required problem-solving strategies without computations. The reading questions measured comprehension based
on the content of a passage. Vocabulary questions required identification of word
meaning and its association with other words. Each academic test was scored on
a 200-point scale; therefore, analysis of composite ISAT scores for individual
participants was based upon a 400-point scale.
Academic Achievement Testing.

Results
Descriptive statistics were calculated for each variable (Table 1). Dependent t tests
were used to determine mean difference between study samples nested within the
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Table 1 Mean Score by School Performance/Poverty Index
Schools

High performing/Low poverty

Low performing/High poverty

PACER
Push-ups
Sit-ups
Sit and reach
BMI
Reading
Math
Total academics

       22.75
       13.26
       22.50
        9.56
       18.53
      167.52
      169.40
      336.66

       24.77*
       15.69*
       24.85**
       10.10
       18.83
      161.27
      165.08
      323.47

*Significantly different at p < .01; **significantly different at p < .05.

high-performing/low poverty schools and low-performing/high poverty schools.
Pearson product-moment correlation analyses were initially conducted on the
three dependent variables (total academic achievement, mathematics achievement,
reading achievement), individual Fitnessgram scores (PACER, push-ups, curl-ups,
mean back-saver sit and reach, BMI) and a composite measure of total fitness (i.e.,
subtraction of BMI within each age group from the aggregated z score of the other
four Fitnessgram subtests (PACER, push-ups, curl-ups, mean back-saver sit and
reach), age, sex (coded as 0 = females, 1 = males), school (coded as 0 = low performing, 1 = high performing), and poverty index (coded as 0 = low poverty index,
1 = high poverty index; see Table 2). The other variables (age, sex, school, and
poverty index) were included to identify covariates for inclusion in the regression
analyses. Only the variables that correlated with either academic achievement or
fitness were included in subsequent regression analyses. Results of the correlation
analyses indicated that three subscales of the Fitnessgram (PACER, push-ups,
curl-ups) and total fitness were positively correlated with all three achievement test
measures (p < .01). Mean scores for the back-saver sit and reach were positively
correlated with total academic achievement and math achievement (p < .05) but
were unrelated to reading achievement (p = .09). School was positively correlated
with total academic achievement and reading achievement (p < .02), and negatively
correlated with push-ups (p = .03). Body mass index was negatively correlated with
the three achievement test measures (p < .001). In addition, age was positively correlated with back-saver sit and reach (p = .005), and sex was positively correlated
with PACER and push-ups, and negatively correlated with back-saver sit and reach
(p < .02). Finally, poverty index was unrelated with all other measures (p > .07).
A series of analyses were performed that regressed the three academic achievement measures (total achievement, reading, mathematics) on the total fitness composite score. In the case of total achievement and reading achievement, a positive
correlation was observed with school, warranting inclusion of this variable in the
model. As such, two-step hierarchical regressions were performed that included
school in the first step and the total fitness composite score in the second step. In
both analyses (i.e., total achievement, reading achievement), the first step exhibited
a significant relationship, adjusted R2 ≥ .018, F(2, 257) ≥ 5.8, p < .02, indicating
that higher performing schools were associated with higher academic achievement

—
.90**
.92**
−.04
.03
.05
.15*
.42**
.48**
−.28**
.22**
.18**
.13*

1. Total achievement
2. Mathematics achievement
3. Reading achievement
4. Age (years)
5. Sex
6. Poverty index
7. School
8. Total fitness (z score)
9. PACER
10. BMI
11. Curl-ups
12. Push-ups
13. Sit and Reach

—
.86**
−.04
.07
.003
.10
.45**
.49**
−.27**
.24**
.19**
.19**

2

—
.04
.03
.04
.15*
.41**
.45**
−.28**
.24**
.17**
.11

3

—
.06
.11
.16*
.000
.04
.09
.12
.03
−.17**

4

—
.08
−.07
.10
.19**
−.04
.11
.15*
−.17**

5

—
.18**
−.02
.07
.04
−.12
.04
−.02

6

—
−.10
−.07
−.04
−.09
−.13*
−.11

7

—
.65**
−.53**
.67**
.62**
.52**

8

—
−.23**
.34**
.30**
.15*

9

11

—
−.23** —
−.02
.36**
−.14* .12*

10

Note. PACER = progressive aerobic cardiovascular endurance run; BMI = body mass index; sit and reach = mean score of back-saver sit and reach.
*p < .05, **p < .01.

1

Intercorrelations Between Variables for All Participants

Variable

Table 2

—
.17**

12

—

13
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scores, pr ≥ .15, t(257) ≥ 2.4, p < .02, β ≥ .15. The second step also exhibited a
significant effect for total fitness, ∆R2 ≤ .18, F(1, 256) ≤ 59.4, p ≤ .001, indicating
that higher academic achievement scores were associated with greater total fitness,
pr ≥ .43, t(256) ≥ 7.7, p < .001, β ≥ .43. In the case of mathematics achievement,
no other variable was found to correlate; thus, this analysis included only the total
fitness composite score. Results exhibited a significant relationship, adjusted R2 =
.20, F(1, 257) = 64.0, p < .001, indicating that total fitness was positively related
to mathematics achievement, pr = .45, t(257) = 8.0, p < .001, β = .45.
Next, a series of two-step hierarchical regressions were performed to determine
the relationship between the various Fitnessgram subtests and the three measures of
academic achievement (total achievement, reading, mathematics). In the first step, the
dependent variables were regressed on variables that correlated with either academic
achievement or fitness (i.e., age, sex, school). In the second step, the Fitnessgram
subtests were entered into the regression analysis. With regards to total academic
achievement, results from the Step 1 analysis did not reveal a significant relationship, adjusted R2 < .02, F(3, 255) = 2.5, p = .06, indicating that age, sex, and school
were unrelated to total academic achievement. The Step 2 regression analysis was
significant, ∆R2 = .28, F(5, 250) = 19.9, p < .001. There was a significant effect for
BMI, pr = −.17, t(250) = 2.8, p < .01, β = −.16, and for PACER, pr = .42, t(250)
= 7.3, p < .001, β = .43, indicating that greater total academic achievement scores
were associated with lower BMI and higher aerobic fitness (see Table 3).
The Step 1 regression analysis for reading achievement was not significant,
adjusted R2 < .02, F(3, 255) = 2.5, p = .07, demonstrating that age, sex, and school
were unrelated to performance in reading achievement. The Step 2 regression analysis was significant, ∆R2 = .25, F(5, 250) = 17.5, p < .001. There were significant
effects for BMI, pr = −.17, t(250) = 2.6, p < .01, β = −.15, and for PACER, pr =
.38, t(250) = 6.6, p < .001, β = .40, indicating that lower BMI and higher aerobic
fitness were positively related to reading achievement (see Table 4).
Table 3 Summary of Hierarchical Regression Analysis
for Variables Predicting General Academic Achievement
SE B

β

−3.7
   3.6
14.4

      Step 1
3.6
5.2
5.4

−.07
.04
.17

   1.3
−1.8
    .28
    .14
    .38

      Step 2
.17
.63
.28
.19
.96

.43***
−.16**
.06
.04
.02

Variable

   B

Age
Sex
School
PACER
BMI
Push-ups
Curl-ups
Sit and reach

*p < .05, **p < .01, ***p < .001.
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Table 4 Summary of Hierarchical Regression Analysis
for Variables Predicting Reading Achievement
Variable

B

SE B

β

Age
Sex
School

−1.9
1.7
6.8

       Step 1
1.7
2.6
2.6

−.07
.04
.16

PACER
BMI
Push-ups
Curl-ups
Sit and reach

   .56
−.83
   .12
   .13
   .02

       Step 2
   .09
   .31
   .14
   .10
   .47

.40***
−.15**
.05
.08
.002

*p < .05, **p < .01, ***p < .001.

The Step 1 regression analysis for mathematics achievement was not significant, adjusted R2 < .01, F(3, 255) = 1.8, p = .15, indicating that age, sex, and school
were unrelated to performance in mathematics achievement. The Step 2 regression
analysis was significant, ∆R2 = .28, F(5, 250) = 19.9, p < .001. There were significant
effects for BMI, pr = −.15, t(250) = 2.3, p = .02, β = −.13, and for PACER, pr =
.41, t (250) = 7.1, p < .001, β = .42, indicating that lower BMI and higher aerobic
fitness were positively related to mathematics achievement (see Table 5).
Table 5 Summary of Hierarchical Regression Analysis
for Variables Predicting Mathematics Achievement
Variable
Age
Sex
School
PACER
BMI
Push-ups
Curl-ups
Sit and Reach

SE B

β

−1.9
3.5
5.0

       Step 1
1.8
2.6
2.7

−.07
.08
.12

   .61
−.73
   .09
   .10
   .83

       Step 2
.09
.32
.14
.10
.48

.42***
−.13*
.04
.06
.10

B

*p < .05, **p < .01, ***p < .001.
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DISCUSSION
The key finding of this study is that physical fitness was related to academic performance in third- and fifth-grade children, providing general support for the notion
that children who are physically fit are more likely to perform better on standardized
academic achievement tests, thus corroborating the CDE (2001) study. When this
general relationship was decomposed by subject matter and type of fitness, findings identified that performance on reading and mathematics were both related to
aerobic fitness and BMI. The current study contributes to the physical fitness and
cognition knowledge base by presenting new evidence that specific components of
physical fitness are globally associated with academic performance during maturation, independent of other possible factors, as well as through extended application
to younger school-aged children.
The data collected herein extend the large-scale research (Sallis et al., 1999) by
accounting for the influence of sociocultural variables such as age, sex, school characteristics (i.e., school effectiveness), and poverty index. Children who displayed
higher levels of physical fitness were more likely to have higher standardized test
scores in reading and mathematics, regardless of these other variables. Specifically,
aerobic fitness was positively associated, and BMI was negatively associated, with
total academic achievement, reading achievement, and mathematics achievement,
whereas muscle strength and flexibility fitness were observed to be unrelated to
achievement test performance in this data set.

Academic Achievement and Fitness
Findings from this study suggest that physical health is related to academic performance in addition to national health goals and, as such, warrant consideration in
educational and public policy making. Accordingly, opportunities for children to
be physically active and become physically fit should be provided by the school,
especially at the elementary level. Physical education, among other physical activity
opportunities surrounding a school day (i.e., active recess, both before- and afterschool programs), is positioned to play an important role in addressing public health
issues, yet what curricular components have the greatest impact needs to become
more clearly defined. However, the pressure for academic performance, such as
that provided by the federal mandate of No Child Left Behind, forces teachers
and administrators to make difficult decisions about how time in school should be
allocated. The identification of the effects of physical fitness, and its components,
on cognitive performance could aid administrators in the decision-making process.
Findings from this study also warrant comprehensive examination of physical
education programs from the micro (i.e., lesson content, frequency, quality) and
macro (i.e., national, state, district policies) levels (McKenzie & Kahan, 2004),
thus enhancing the benefits associated with aerobic fitness and healthy BMI, in
relation to academic achievement.
Given that school was related to academic performance, yet poverty was not, the
current data suggest that school effectiveness may be related to individual academic
achievement. However, it should be noted that the measure of individual poverty
was based solely on free/reduced meals, and thus, future research may want to
examine this relationship more closely using additional measures of socioeconomic
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status. Cross-sectional studies of the relationship between academic achievement
and physical fitness as well as academic achievement and physical activity have
had mixed results ranging from small, but positive effects (CDE, 2001; Dwyer
et al., 1983; Sallis et al., 1999) to trivial, negative relationships (Tremblay et al.,
2000). Most of these data were generated from physical activity interventions,
which focused on changing the child’s physical environment (e.g., home or school)
to increase physical activity participation. Because most children attend public
schools, it is believed that educational institutions may be the most plausible means
of increasing the physical activity participation of children. Schools and teachers
are presently being asked to address not only academic achievement, but also
public heath issues such as childhood obesity. Despite public concern for health
issues among youth, physical activity opportunities are currently being reduced
(Pellegrini & Bohn, 2005) and childhood obesity rates are on the rise (McKenzie
& Kahan, 2004; Pellegrini & Bohn, 2005; USDHHS, 2000).
The complexity of the physical activity and fitness
relationship, in and of itself, makes it difficult to specifically identify possible
mechanisms. In general, physical activity has the potential to improve physical
fitness, particularly when chronic behavior targets increased fitness. Etnier et al.
(1997) conducted a meta-analysis of the relationship between physical activity
and cognition, and concluded that potential changes in cognition (e.g., academic
achievement) may stem from (a) physiological mechanisms that are independent of
aerobic fitness, (b) physiological mechanisms dependent upon attainment of aerobic
fitness, or (c) psychological mechanisms that are independent of aerobic fitness.
Greater aerobic fitness has been associated with changes in neurocognitive
function (Hillman et al., 2005), as higher fit children exhibited a more effective
neuroelectric profile than lower fit children on a stimulus discrimination task. The
higher fit children also performed better along behavioral measures of reaction time
and response accuracy, perhaps stemming from greater allocation of attentional
resources to working memory, which supports similar research on fitness and
cognition in adult populations (Kramer & Hillman, 2006). Others mechanisms by
which fitness may relate to benefits in brain and cognition have also been posited,
including changes in the structure and function of brain tissue in elderly adults
(Kramer & Hillman, 2006).
Shephard (1997) identified several alternative explanations for the positive
relationships between physical fitness and academic performance: (a) teacher
attitudes, (b) student attitudes, (c) learning disabilities, and (d) public policy. To
address the alternative explanation related to teacher attitudes, teachers from the
same school district who enact the same curriculum were utilized. Additionally,
researchers, not teachers, administered the Fitnessgram to the children, providing
for increased control and consistency of fitness test administration, which differed
from previous school-based research (cf. CDE, 2001). Issues related to public policy
were addressed through recruitment of the specific school district, as the same
number of physical education opportunities were offered by each school. Rather,
this school district had obtained a state waiver allowing for fewer physical education
opportunities (e.g., fewer days per week) than required by public policy.
To account for Shephard’s (1997) alternative explanation related to learning
disabilities, children who had an individual education plan or received special
Possible Mechanisms.
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education services were excluded from study analyses. Although it is understood
that schools are inclusive, these children were excluded to account for potential
cognitive deficits and the misunderstanding of testing protocols. Thus, these data
may not extend to this population. Unfortunately, this study was unable to control
for Shephard’s (1997) concern regarding student attitudes, which may be related
to both physical fitness and academic performance. Specifically, no measure of
student’s motivation for either the cognitive or physical fitness tests was collected.
Therefore, student motivation remains a potential alternate explanation for these
findings. Students who perform better in school and enjoy their schooling experience
may be more likely to exert more effort on physical fitness and academic tests. This
concern remains a viable explanation that should be accounted for in future attempts
at understanding the relationship between fitness and academic performance.

Limitations
Despite the contribution regarding the relationship of physical fitness to academic
achievement, several limitations of the study warrant mention. First, as discussed,
student motivation may account for a portion of the variance explained in the relationship between physical fitness and academic performance. Second, the utilization
of field-test measures of physical fitness, although administered by researchers, have
a restricted evaluation of fitness in children. Other laboratory procedures, such as
maximum oxygen consumption (e.g., VO2max), are more valid and reliable measures
of aerobic fitness. However, a field test was chosen to examine the relationship
between fitness and cognition in an externally valid setting, and allowed for a greater
understanding of the relationship between the various components of fitness, rather
than only aerobic fitness. Finally, the sample was not random, and therefore the
findings from this study may not be generalizable to other populations.

Summary
In conclusion, this study confirms that physical fitness is generally associated with
academic performance in elementary school children. Aerobic fitness and BMI
were associated with achievement in reading and mathematics, whereas strength
and flexibility fitness were unrelated to general academic achievement, reading,
and mathematics. Continued research is needed to gain a more causal understanding of the relationship between physical fitness and cognition in children. Future
research should address which parameters of physical fitness and activities obtain
the greatest cognitive benefits, examine the effects of physical activity and fitness
by cohorts, and investigate which moderators have the greatest impact on student
cognition.
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