
April 2008, Vol 98, No. 4 | American Journal of Public Health Carlson et al. | Peer Reviewed | Research and Practice | 1

⏐ RESEARCH AND PRACTICE ⏐

Objectives. We examined the association between time spent in physical
education and academic achievement in a longitudinal study of students in kinder-
garten through fifth grade.

Methods. We used data from the Early Childhood Longitudinal Study, Kinder-
garten Class of 1998 to 1999, which employed a multistage probability design to
select a nationally representative sample of students in kindergarten (analytic
sample=5316). Time spent in physical education (minutes per week) was col-
lected from classroom teachers, and academic achievement (mathematics and
reading) was scored on an item response theory scale.

Results. A small but significant benefit for academic achievement in mathematics
and reading was observed for girls enrolled in higher amounts (70–300 minutes per
week) of physical education (referent: 0–35 minutes per week). Higher amounts of
physical education were not positively or negatively associated with academic
achievement among boys.

Conclusions. Among girls, higher amounts of physical education may be asso-
ciated with an academic benefit. Physical education did not appear to negatively af-
fect academic achievement in elementary school students. Concerns about adverse
effects on achievement may not be legitimate reasons to limit physical education
programs. (Am J Public Health. 2008;98:XXX–XXX. doi:10.2105/AJPH.2007.117176)
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physical education class negatively affects
academic achievement in other subjects,
there is concern that physical education
classes could take time away from those sub-
jects.1,28,30 More information is needed to ad-
dress this concern and support public health
objectives to maintain or expand physical
education programs.31

We examined the influence of physical
education in US elementary schools on di-
rect measures of academic achievement in
mathematics and reading from kindergarten
through fifth grade. Our study was unique
in at least 3 ways: first, the measurement of
academic achievement was a standardized
test administered at 5 time points. Second,
we examined the association between phys-
ical education and academic achievement
with a prospective cohort design. Finally,
we examined participation in physical edu-
cation as it existed in a representative sam-
ple of US students entering kindergarten in
fall 1998 who were followed through
spring 2004.

METHODS

Analytic Sample
Data from the Early Childhood Longitudi-

nal Study, Kindergarten Class of 1998 to
1999 (ECLS-K) were analyzed.32 The ECLS-K
employed a multistage probability sample
design to select the nationally representative
sample. In the baseline year, the 100 primary
sampling units were geographic areas consist-
ing of counties or groups of counties. The
second-stage units were schools within the
geographic areas (original selected sample=
1280 schools). The third-stage units were stu-
dents within schools; the target number of
students sampled at any 1 school was 24.33

Further details of the study, including sam-
pling procedures, are available elsewhere.34

The 5 time points for analyzing data were
the fall of kindergarten, spring of kindergarten,
spring of first grade, spring of third grade,
and spring of fifth grade. At baseline, the
overall school-level response rate (i.e., per-
centage of schools cooperating) was 69.4%

Physically active youth may be less likely
than physically inactive youth to experience
chronic disease risk factors1 and to become
obese,2 and they may be more likely to re-
main active throughout adolescence3 and
possibly into adulthood.4 Physical activity
also has beneficial influences on behavior
and cognitive functioning that may result
in improving students’ academic achieve-
ment.5–7 Direct indicators of academic
achievement include grade-point averages,
scores on standardized tests, and grades in
specific courses; measures of concentration,
memory, and classroom behavior provide
indirect estimates.1

Several cross-sectional studies examined
the association between physical activity and
direct measures of academic achievement.8–13

In addition, several intervention studies were
conducted to examine the effect of introduc-
ing more physical activity and physical ed-
ucation programs during the school day on
indirect estimates of behaviors related to
academic achievement (e.g., concentration,
memory, disruptive behavior) or on direct
measures (e.g., standardized tests, academic
record, teacher reports).6,7,14–23 These studies
had mixed results. Investigators observed
either no association6,8,13,14,16,18,23 or a
modest-to-moderate positive associa-
tion6,7,9–12,15,17,19–22 between physical activity
and academic achievement.

Physical education classes provide an op-
portunity for students to be physically active
during the school day.1 School-based physical
education has many benefits, including in-
creasing physical activity and improving
physical fitness and muscular endurance.24–28

Increasing physical activity through physical
education is also a proposed public health
strategy to reduce childhood obesity.29 Al-
though there has been no evidence to date to
show that maintaining or increasing time in
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weighted (68.8% unweighted), and 19173
eligible students (62.4% weighted, 61.8% un-
weighted) completed some part of the direct
child assessment, which included the assess-
ment of academic achievement.33 Completion
rates for the direct child assessment were as
follows: spring of kindergarten, 88.0%
weighted, 88.3% unweighted (n=19967)33;
first grade, 88.0% weighted, 91.8% un-
weighted (n=16593)35; third grade, 80.8%
weighted, 86.1% unweighted (n=14349)36;
and fifth grade, 84.7% weighted, 93.6% un-
weighted (n=11260).37 Students not eligible
for follow-up (e.g., students who moved who
were not subsampled or students who died
or moved out of the country) were not in-
cluded in the denominator.33 Attrition of the
sample was mainly attributable to students’
moving, because only a subsample of movers
were followed.33,35–37

Data for this analysis were obtained from
the ECLS-K Longitudinal Kindergarten–Fifth
Grade Public-Use Data File.32 There were
9796 students (51.1% of baseline) who com-
pleted some part of the direct child assess-
ment at all 5 time points. Students who were
not in their expected grade level at any time
point or who were identified as having at-
tended kindergarten previously were ex-
cluded (n=1344). Of the 8452 remaining
students, 7729 had mathematics and reading
scores on the item response theory (IRT)
scale for each time point. Finally, students
who were missing data on time in physical
education for any time point (n=2352) or
who were missing information for 1 of the
covariates of interest (i.e., race/ethnicity,
mother’s education, family income, and
kindergarten enrollment status; n=61) were
excluded. The final sample used for this
analysis included 5316 students.

Measures
Physical education. Classroom teachers re-

ported the number of times during the week
(never, <1, 1 or 2, 3 or 4, or daily) and min-
utes per day (do not participate, 1–15, 16–30,
31–60, or >60) that students participated in
physical education. Minutes per week of phys-
ical education ware estimated by multiplying
the median frequency by the median dura-
tion (except for >60 minutes per day, where
60 minutes was used). Minutes per week

ware then categorized into increments that
represented approximate tertiles of the com-
bined distribution of physical education for
kindergarten through fifth grade. The use of
tertiles allowed us to best incorporate the nat-
ural breaks in the distribution of minutes per
week. Groups were labeled low (0–35 min-
utes per week), medium (36–69 minutes per
week), and high (70–300 minutes per week).

Academic achievement. Students were admin-
istered mathematics and reading tests.37 The
National Center for Education Statistics and
contractor staff assembled specialists in school
curricula, teachers, and academicians to con-
sult on the design and development of the
assessment instruments, and the direct child
assessment was adapted from several copy-
righted assessment batteries.34 From these as-
sessments, IRT scale scores were calculated for
each child. IRT procedures use the pattern of
responses to estimate the probability of correct
responses for all assessment questions; IRT
scale scores represent estimates of the number
of items students would have answered cor-
rectly at each point in time if they had been
given all test questions (maximum: 186 for
reading, 153 for mathematics).37

Covariates. Data on covariates were col-
lected during a telephone interview with a
parent.37 Four categories were constructed for
family income (≤ $25000, $25001–50000,
$50001–75000, and >$75000), the child’s
race/ethnicity (White, non-Hispanic; Black,
non-Hispanic; Hispanic; other), and mother’s
education (less than high school graduate,
high school graduate, some college, college
graduate). Information collected in the fifth
grade was used to categorize students unless
that variable was unknown, in which case
values from the most recent round available
were used. If the respondent answered
“don’t know” or refused to answer the ques-
tions on education or family income and
there was no information from a previous
round, we used values from children from the
score data set with similar, but complete
data.37 Kindergarteners were categorized as
full day or half day.

Data Analysis
All estimates were calculated from statistical

weights provided with the ECLS-K data set.
Longitudinal statistical weights were derived

from the sample of 9796 students with some
assessment data at each time point.32

Stratified analyses compared IRT scale
scores for mathematics and reading for each
grade level by physical education category
(low, medium, and high) for boys and girls.
To account for the complex sample design, we
used SUDAAN version 9.0 (Research Trian-
gle Institute, Research Triangle Park, NC) to
obtain all estimates and 95% confidence in-
tervals (CIs). Pairwise differences between
physical education categories were assessed
with simple linear contrasts. All P values re-
ported were 2-sided and were considered
significant at less than .05.

Multivariate linear regression models were
estimated with SUDAAN to test the longitudi-
nal association between physical education
and IRT scale scores for mathematics and
reading stratified by gender. SUDAAN’s gen-
eralized estimating equation approach ac-
counted for the multiple levels of clustering
(i.e., students within a cluster and repeated
measures for each student).38–40 A model was
estimated in which the dependent variable
was the child’s IRT scale score at each grade
level. The independent variables in the model
included physical education category, grade,
baseline IRT (IRT scale score for the fall of
kindergarten), time from baseline (centered
for each grade level by subtracting the stu-
dent’s number of days from baseline assess-
ment from the weighted sample’s mean
number of days from baseline to current as-
sessment), mother’s education, family income,
and race/ethnicity.

Because the effects of demographic vari-
ables on academic achievement were not
constant over time, we included them in the
model with a year interaction term. Baseline
scores with a year interaction term were also
included in the model. Including baseline
scores as an independent variable allowed us
to adjust for initial differences in achieve-
ment. A variable that indicated whether
kindergartners attended school for only half a
day was included, because this was associated
with academic achievement and physical edu-
cation category. Other variables considered
for the model but not included because they
were either not associated with physical edu-
cation category and academic achievement or
were not significant in a baseline-only model
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TABLE 1—Sample (n=5316) Baseline
Assessment Characteristics: Early
Childhood Longitudinal Study,
Kindergarten Class of 1998–1999

Unweighted  Weighted 
Continuous Variables Mean Mean (SE)

Age at kindergarten 74.9 74.9 (0.1)

assessment,a mo

IRT scale score at 

kindergartenb

Reading 30.9 30.2 (0.3)

Mathematics 25.2 24.3 (0.3)

Note. IRT = item response theory.
aSpring kindergarten assessment.
bFall kindergarten assessment.

TABLE 2—Sample Sociodemographic Characteristics: Early Childhood Longitudinal Study,
Kindergarten Class of 1998–1999

Categorical Variables No. (n = 5316) Unweighted % Weighted % (SE)

Girls 2769 52.1 51.8 (1.4)

Half-day kindergarten enrollment 2402 45.2 44.9 (3.0)

Race/ethnicity

Non-Hispanic White 3680 69.2 68.4 (2.3)

Non-Hispanic Black 462 8.7 11.4 (1.5)

Hispanic 592 11.1 13.3 (1.6)

Othera 582 10.9 7.0 (1.0)

Mother’s education

Less than high school 269 5.1 6.9 (0.8)

High school graduate 1322 24.9 26.0 (1.1)

Some college 1962 36.9 37.1 (1.2)

College graduate 1763 33.2 30.0 (1.5)

Family income, $

≤ 25 000 791 14.9 18.0 (1.2)

25 001–50 000 1491 28.0 29.4 (1.2)

50 001–75 000 1126 21.2 20.4 (1.0)

> 75 000 1908 35.9 32.2 (1.3)

Note. Percentages may not add to 100 because of rounding.
aIncludes Asian, Pacific Islander, American Indian, Alaska Native, and more than 1 race (non-Hispanic).

were indicators of degree of urbanization of
the child’s residence, whether it was a public
or private school, and school size.

RESULTS

The analytic sample was 52.1% girls,
and the majority of the sample was non-
Hispanic White (69.2%; Table 1). Weighted

and unweighted percentages were similar for
the demographic variables presented (differ-
ences in weighted and unweighted percentages
reflected patterns in nonresponse and oversam-
pling of Asians and Pacific Islanders; Table 2).37

Demographic characteristics were similar for
boys and girls, with only small significant dif-
ferences in age in months (boys: 75.1; girls:
74.7) and baseline reading IRT scale score
(boys: 30.8; girls: 29.6). There were signifi-
cant differences by gender in the percentage
with a family income of $25000 or less (boys:
15.9%; girls: 20.0%) and in the percentage
that was Hispanic (boys: 10.6%; girls: 15.8%).

Teachers most commonly reported that stu-
dents had physical education 1 to 2 times per
week (Table 3). The most commonly reported
duration was 16 to 30 minutes for kinder-
garten and first grade and 31 to 60 minutes
for third and fifth grade. From kindergarten
through fifth grade, 12.6% (95% CI=9.8,
16.0) of students (kindergarten: 14.5% [95%
CI=11.3, 18.4]; first grade: 12.8% [95% CI=
9.6, 17.0]; third grade: 11.5% [95% CI=8.4,
15.6]; fifth grade: 11.5% [95% CI=8.2, 16.0])
met the national Healthy People 2010 objec-
tive of participating in physical education daily

(i.e., 5 times per wk).31 Combining frequency
and duration, the average minutes spent in
physical education per week increased slightly
as students progressed from kindergarten
through fifth grade (kindergarten: 55.8 min
[95% CI=51.7, 60.0]; first grade: 65.7 min
[95% CI=61.9, 69.5]; third grade: 69.3 min
[95% CI=64.9, 73.8]; fifth grade: 76.3 min 
[95% CI=70.4, 82.3]).

When grouped into 3 physical education
categories, the percentage of students in the
high category remained relatively constant
for each of the grade levels. The percentage
of students in the low category was highest
in kindergarten and decreased as grade in-
creased; the opposite was observed for the
medium category (Table 3). The distribution
in the 3 categories did not differ signifi-
cantly by gender. In kindergarten, this distri-
bution differed greatly by kindergarten en-
rollment status. The prevalence in the high
category for half-day kindergartners was
9.5% (95% CI = 6.6, 13.6); for full-day
kindergarteners the prevalence was 34.3%
(95% CI = 27.7, 41.7).

The cross-sectional associations between
academic achievement and physical educa-
tion category for each grade level for boys
and girls are presented in Table 4. Girls in all
grades who were in the low physical educa-
tion category had the lowest IRT scale scores
for mathematics and reading, although only
in kindergarten and first grade were these
differences significant for reading and mathe-
matics (in kindergarten, only the difference
between the low and medium category was
significant). In fifth grade differences were
significant for reading only. For boys, there
were no significant differences in IRT scale
scores in reading or mathematics between
any of the 3 physical education categories
for any of the grades.

Similar results were observed in the longi-
tudinal association between physical educa-
tion and academic achievement. No associa-
tion between physical education category and
academic achievement in reading or mathe-
matics was observed among boys (Table 5).
After adjusting for grade-level gains, baseline
scores, and kindergarten program, girls in the
medium and high physical education cate-
gories had a small but significant benefit in
their IRT scale score for reading compared
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TABLE 3—Time in Physical Education, by Grade Level: Early Childhood Longitudinal Study,
Kindergarten Class of 1998–1999

Kindergarten First Grade Third Grade Fifth Grade

No. % (SE) No. % (SE) No. % (SE) No. % (SE)

Physical education, times/wk by min/da

Never 401 7.5 (1.3) 102 2.0 (0.4) 132 2.4b (0.8) 155 3.0 (0.6)

< 1 Time/wk, min/d

1–15 80 1.4b (0.4) 18 0.5b (0.2) 7 0.1b (0.05) 23 0.5b (0.3)

16–30 108 3.0 (0.7) 51 1.0 (0.2) 43 1.3b (0.4) 56 1.3b (0.4)

31–60 33 0.4b (0.2) 85 1.6b (0.5) 79 1.3b (0.4) 94 2.3 (0.7)

> 60 0 0 0 0 1 0.01b (0.01) 17 0.2b (0.2)

1–2 Times/wk, min/d

1–15 215 4.2 (0.7) 191 3.9 (0.8) 140 3.0 (0.7) 129 2.3 (0.5)

16–30 2238 40.9 (2.4) 1862 35.1 (2.3) 1630 28.9 (2.7) 1029 18.5 (2.1)

31–60 861 16.3 (2.1) 1543 26.4 (2.1) 1987 37.2 (3.1) 2435 44.5 (2.5)

> 60 0 0 6 0.1b (0.04) 2 0.03b (0.03) 5 0.1b (0.1)

3–4 Times/wk, min/d

1–15 90 1.6 (0.5) 18 0.4b (0.2) 6 0.1b (0.1) 13 0.3b (0.1)

16–30 375 7.1 (1.0) 609 11.5 (1.7) 397 8.3 (1.6) 393 8.5 (1.9)

31–60 168 3.1b (1.1) 232 4.6 (1.2) 324 5.9 (1.3) 416 6.7 (1.4)

> 60 0 0 0 0 0 0 2 0.1b (0.1)

5 Times/wk, min/d

1–15 88 1.6 (0.5) 16 0.4b (0.2) 8 0.2b (0.1) 8 0.2 (0.2)

16–30 532 10.3 (1.6) 471 9.4 (1.8) 417 7.9 (1.6) 278 4.7 (1.0)

31–60 125 2.6 (0.6) 112 3.0 (0.6) 142 3.5 (0.6) 255 6.5 (1.5)

> 60 2 0.02b (0.02) 0 0 1 0.01b (0.01) 8 0.1b (0.1)

Physical education categoryc

Low 3165 59.0 (2.3) 2327 44.5 (2.1) 2038 37.1 (2.9) 1516 28.5 (2.2)

Medium 949 17.8 (2.0) 1559 26.9 (2.1) 1995 37.4 (3.1) 2443 44.8 (2.4)

High 1202 23.2 (2.1) 1430 28.6 (2.4) 1283 25.6 (2.6) 1357 26.8 (2.7)

Note. Percentages are weighted and may not add to 100 because of rounding.
aFrequency and duration of physical education were reported by teachers, who used the categories provided in the table for
frequency and duration.
bEstimates may be unstable because the coefficient of variation was more than 30%.
cMinutes per week of physical education was estimated by multiplying the median frequency by the median duration and
categorized by minutes per week as low (0–35), medium (36–69), or high (70–300).

with girls in the low category (Table 5). After
we further controlled for selected demo-
graphic variables, the association with reading
IRT scale scores was attenuated, and only
those in the high physical education category
(vs the low category) showed a small but
significant benefit.

For mathematics, only the difference for
girls between the high and low categories
was significant in the adjusted models, and
this association remained after we controlled
for selected demographics. From kinder-
garten through fifth grade, girls with the

highest exposure to physical education scored
on average 2.4 points higher on the IRT
reading scale and on average 1.5 points
higher on the IRT mathematics scale than
did those in the low physical education cate-
gory. There was no significant interaction
for this association between grade level and
physical education category.

DISCUSSION

In this study on the association between
time spent in physical education and academic

achievement, we observed that girls with the
highest exposure to physical education
(70–300 minutes per week) versus the
lowest exposure (0–35 minutes per week)
exhibited a small academic benefit for mathe-
matics and reading; we observed no associa-
tion for boys. Our study supports findings
from previous studies in which investigators
concluded that time spent in physical educa-
tion did not harm academic achievement6,14

and that it may have a modest favorable ef-
fect on achievement.7,19

Our study was unique in that we examined
physical education in a nationally representa-
tive sample of kindergarteners. We found that
the overall exposure to physical education in
this representative sample was much lower
than the national health objective of daily
physical education, with an average of only
12.6% meeting the objective.31 An experimen-
tal design would have allowed us to manipu-
late the physical education exposure to higher
levels, but even with exposure to physical edu-
cation as low as 70 to 300 minutes per week,
a small benefit was observed among girls. One
experimental study that implemented an inter-
vention of 1 hour per day of physical educa-
tion versus 40 minutes per week for controls
observed a positive effect on academic scores
for boys and girls in primary school.19 Expand-
ing physical education programs may increase
the benefit in academic achievement as well as
enhance other potential benefits, such as in-
creasing physical activity levels, improving
physical fitness, increasing knowledge about
physical activity, and improving psychologi-
cal health (e.g., raising self-esteem and reduc-
ing stress and anxiety).24,25,28,41

The difference in our findings between
boys and girls accords with results for other
researchers who have examined effects of
physical education and school-day physical
activity programs on various factors, such as
academic scores, cardiorespiratory fitness, and
body mass index. Shephard et al. showed, in
a controlled study, that girls gained a larger
advantage than did boys in academic scores
from the addition of 5 hours per week of
physical education.19 Other studies that have
examined the association of participating in
physical education24,42 or participating in a
structured school-day physical activity pro-
gram emphasizing fitness43 with measures
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TABLE 4—Cross-Sectional Mean IRT Scale Scores in Mathematics and Reading, by Gender,
Grade Level, and Physical Education Category: Early Childhood Longitudinal Study,
Kindergarten Class of 1998–1999

Physical Education Categorya

Low, Mean Medium, Mean High, Mean Overall, Mean 
(95% CI) (95% CI) (95% CI) (95% CI)

Boys

Reading

Kindergarten 41.4 (40.2, 42.7) 42.6 (40.7, 44.5) 42.8 (40.4, 45.1) 42.0 (41.0, 42.9)

First grade 75.6 (72.9, 78.4) 76.4 (72.8, 80.0) 74.3 (72.0, 76.6) 75.5 (73.6, 77.4)

Third grade 121.4 (118.1, 124.7) 121.1 (118.0, 124.1) 124.1 (120.7, 127.4) 122.0 (119.9, 124.0)

Fifth grade 143.0 (139.1, 146.8) 144.1 (141.8, 146.3) 143.2 (140.4, 146.1) 143.5 (141.7, 145.4)

Mathematics

Kindergarten 35.9 (34.7, 37.2) 37.2 (35.2, 39.2) 35.5 (33.4, 37.5) 36.0 (35.0, 37.1)

First grade 61.4 (59.7, 63.1) 62.4 (60.1, 64.7) 63.8 (61.8, 65.9) 62.4 (61.1, 63.7)

Third grade 99.1 (96.5, 101.8) 99.4 (96.8, 102.0) 102.1 (98.9, 105.4) 100.0 (98.2, 101.9)

Fifth grade 119.5 (116.1, 123.0) 120.3 (118.1, 122.5) 119.7 (116.7, 122.7) 119.9 (118.2, 121.6)

Girls

Reading

Kindergartenb,c 41.9 (40.5, 43.4) 44.7 (42.9, 46.6) 44.6 (42.8, 46.4) 43.0 (42.0, 44.1)

First gradeb,c 75.0 (72.5, 77.5) 80.2 (77.0, 83.3) 78.9 (76.7, 81.2) 77.5 (75.8, 79.1)

Third grade 123.7 (120.5, 126.9) 126.3 (123.9, 128.6) 126.3 (123.3, 129.3) 125.3 (123.5, 127.1)

Fifth gradeb,c 141.9 (138.8, 145.1) 147.1 (144.3, 149.8) 145.8 (143.9, 147.7) 145.4 (143.7, 147.1)

Mathematics

Kindergartenb 34.0 (32.9, 35.2) 36.2 (34.5, 37.8) 35.2 (33.7, 36.7) 34.7 (33.7, 35.6)

First gradeb,c 58.0 (56.3, 59.6) 61.9 (60.0, 63.7) 61.2 (59.2, 63.2) 59.9 (58.8, 61.0)

Third grade 92.1 (89.2, 94.9) 94.3 (91.9, 96.8) 93.7 (89.1, 98.3) 93.3 (91.4, 95.3)

Fifth grade 112.6 (109.3, 115.8) 116.0 (113.3, 118.7) 114.9 (111.8, 117.9) 114.8 (112.8, 116.7)

Note. IRT = item response theory; CI = confidence interval. All assessments carried out in the spring.
aMinutes per week of physical education was estimated by multiplying the median frequency by the median duration of time
reported by teachers for physical education and then categorized by minutes per week as low (0–35), medium (36–69 ), or
high (70–300).
bSignificant difference between low and medium category (P < .05).
cSignificant difference between low and high category (P < .05).

of cardiorespiratory fitness24,43 or body
mass index42 also observed differences in
effectiveness by gender, with girls having
larger effects in measures of body mass index
and cardiorespiratory fitness.

When examining the association between
physical activity and cardiorespiratory fitness,
researchers have suggested that gender differ-
ences in the effects of physical activity on
fitness may be attributable to lower levels of
fitness in girls at baseline.24,43 Boys are gener-
ally more fit than girls,44 and thus the stimulus
achieved during physical education may not
be sufficient in boys to produce the same phys-
iological effect experienced by girls. This dif-
ference may help explain why we observed a

benefit of physical education on academic
achievement in girls but not in boys; in addi-
tion to its physiological effects, physical educa-
tion can influence other developmental do-
mains, such as the social and cognitive
domains,41 and these effects may differ for
girls and boys. Even so, we cannot say with
any certainty that influences on these (or
other) key developmental factors may explain
our findings. Future investigations should seek
to clarify how physical activity during physical
education relates to measures of academic
achievement and, in particular, how factors
related to physical, social, and psychological
growth and development may modify or me-
diate this relation differently in boys and girls.

Strengths and Limitations
Our study had limitations as well as

strengths. We used a large database that was
representative of the nation’s kindergartners
(class of 1998–1999), thus allowing us to
examine physical education as it existed in US
elementary schools. The ECLS-K data were
weighted to be nationally representative, and
they were adjusted for the effects of nonre-
sponse.32 The statistical weights, however, did
not adjust for the largest source of missing
data, which was time in physical education.
The absence of such data may have biased
our sample, because after weighting, students
with complete data were more likely than
those with missing data to be White and
less likely to be Black, and they were more
likely to have a family income of more than
$75000 and less likely to have a family in-
come of $25000 of below. For academic
achievement, missing-data status was signifi-
cantly associated with the reading IRT scale
score only in the fifth grade.

In addition, our measures had strengths
and limitations. Academic achievement was
assessed through a standardized test, thereby
removing any potential rater bias that might
have been introduced if academic achieve-
ment had been based on ratings by classroom
teachers. The reading and mathematics IRT
scale scores exhibited a high level of reliabil-
ity (reliability of Θ: 0.90–0.95 for reading,
0.89–0.94 for mathematics).45 The standard-
ized scores, however, did not allow us to ex-
amine the role of physical education on more
indirect indicators of academic achievement,
such as concentration, memory, and class-
room behavior.1

We had no reliability or validity informa-
tion on the questions used to assess time
spent in physical education. The teacher’s as-
sessment of time in physical education may
have been less accurate than more direct ob-
servational assessment methods, and we did
not know the actual time that the students
spent being active during physical education
classes, nor did we have information on the
quality of the physical education classes, such
as whether the class was taught by a certified
physical education specialist or specific infor-
mation about the class curriculum. If we had
measurements of quality and actual active
time during physical education, we might
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TABLE 5—Longitudinal Analysis of IRT Scale Scores for Mathematics and Reading, by
Gender and Physical Education Category: Early Childhood Longitudinal Study, Kindergarten
Class of 1998–1999

Adjusted for Adjusted for 
Adjusted for Baseline, Baseline, Kindergarten 

Gender, Baseline and Kindergarten Program, Race/
by Physical Kindergarten Program, and Ethnicity, Family 
Education Unadjusted,b Program,c Race/Ethnicity,d Income, and Mother’s
Categorya B (95% CI) B (95% CI) B (95% CI) Education,e B (95% CI)

Reading

Boys

Low (Ref) . . . . . . . . . . . .

Medium 0.6 (–1.9, 3.1) 0.5 (–1.3, 2.3) 0.0 (–1.6, 1.7) 0.2 (–1.6, 1.9)

High 0.7 (–1.8, 3.2) –0.4 (–2.5, 1.6) –0.3 (–2.2, 1.7) –0.3 (–2.3, 1.7)

Girls

Low (Ref) . . . . . . . . . . . .

Medium 3.9 (1.7, 6.1) 2.1 (0.6, 3.6) 1.7 (0.3, 3.0) 1.1 (–0.2, 2.4)

High 3.2 (0.8, 5.6) 2.8 (1.2, 4.4) 2.4 (1.0, 3.9) 2.4 (1.0, 3.9)

Mathematics

Boys

Low (Ref) . . . . . . . . . . . .

Medium 0.7 (–1.4, 2.8) 0.2 (–1.2, 1.6) –0.2 (–1.6, 1.1) –0.2 (–1.5, 1.1)

High 1.3 (–0.8, 3.4) 0.3 (–1.2, 1.7) 0.3 (–1.1, 1.8) 0.4 (–1.0, 1.8)

Girls

Low (Ref) . . . . . . . . . . . .

Medium 2.9 (0.8, 5.0) 1.2 (–0.1, 2.5) 1.0 (–0.2, 2.1) 0.7 (–0.4, 1.8)

High 2.1 (–0.3, 4.5) 1.7 (0.3, 3.1) 1.5 (0.1, 2.8) 1.5 (0.4, 2.7)

Note. IRT = item response theory; CI = confidence interval.
aMinutes per week of physical education was estimated by multiplying the median frequency by the median duration of time
reported by teachers for physical education and then categorized by minutes per week as low (0–35), medium (36–69), or
high (70–300).
bModel contained 2 independent variables: physical education category and grade level.
cModel added a baseline IRT scale score (with a grade-level interaction term), an indicator for time from baseline
assessment, and a variable to indicate whether a student attended school for half a day (i.e., half–day kindergarteners).
dModel added race/ethnicity with a grade-level interaction term.
eModel added family income and mother’s education with a grade-level interaction term.

have obtained more-striking results. On the
other hand, because information about time
in physical education was collected from
classroom teachers at each of the time points,
the potential for recall bias may have been
low. In addition, we chose to use empirically
developed categories to examine time in
physical education. This allowed us to com-
pare categories of physical education on the
basis of the distribution of a nationally repre-
sentative sample. We did not use criterion-
referenced categories, although our high
group included students who met the Healthy
People physical education objectives when
we included frequency and duration (assum-
ing 20 minutes per day).31

Finally, the longitudinal design enabled us
to control for baseline scores and grade-level
gains in academic achievement as we followed
students from kindergarten through fifth
grade. Although students may have had some
exposure to physical education before the
baseline academic achievement assessment,
because they may have been attending school
for a few weeks before that assessment, our
inclusion of baseline scores in the model
should have enabled us to effectively control
for baseline academic achievement. Unfortu-
nately, we did not have yearly time points
(data were not collected in second and fourth
grades). Our method of data analysis allowed
us to account for the repeated measures in the

analysis, as well as the clustering in the com-
plex study design, with robust variance esti-
mators.38 If used on data outside the context
of a complex sample survey, random-effects
analysis of longitudinal data might have given
us a more powerful analysis, but by using
SUDAAN we were able to appropriately apply
statistical weights and account for the multiple
levels of clustering in our sample design.

Conclusions
We found that girls obtained a small benefit

from having the highest level (70–300 minutes
per week) of exposure to physical education
(vs the referent), but no association was ob-
served among boys. More time in physical
education, therefore, may help students per-
form better academically. Physical education
should be promoted for its many benefits,
and fear of negatively affecting academic
achievement does not seem to be a legitimate
reason for reducing or eliminating programs
in physical education. Schools should strive
to meet the national health objective of daily
physical education35 and offer students a
balanced academic program that includes
opportunities for physical activity.
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