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Objectives. We examined the effect of physical education instruction time on
body mass index (BMI) change in elementary school.

Methods. We examined data from a national sample of 9751 kindergartners in
the United States who were reported on for 2 years. We used a difference-in-
differences approach to examine the effect of an increase in physical education
instruction time between kindergarten and first grade on the difference in BMI
change in the 2 grades, using the same child as the control.

Results. One additional hour of physical education in first grade compared
with the time allowed for physical education in kindergarten reduces BMI among
girls who were overweight or at risk for overweight in kindergarten (coeffi-
cient=–0.31, P<.001) but has no significant effect among overweight or at-risk-
for-overweight boys (coefficient=–0.07, P=.25) or among boys (coefficient=0.04,
P=.31) or girls (coefficient=0.01, P=.80) with a normal BMI.

Conclusions. Expanding physical education programs in schools, in the form in
which they currently exist, may be an effective intervention for combating obesity
in the early years, especially among girls. (Am J Public Health. 2004;94:1501–1506)
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(ECLS-K). The ECLS-K study was conducted
by the National Center for Educational Statis-
tics. The ECLS-K started surveying a nation-
ally representative cohort of children (from
about 1000 schools) who entered kinder-
garten in the 1998–1999 school year. The
ECLS-K employed a multistage probability
sample design to select the sample—the pri-
mary sampling units were geographic areas
consisting of counties or groups of counties,
the second-stage units were schools within the
sampled primary sampling units, and the
third-stage (and final) units were students
within schools. (See the National Center for
Educational Statistics ECLS-K Base Year Data
Files and Electronic Codebook14 for more in-
formation on the survey design and instru-
ments.) This cohort was followed until grade
5, with surveys of the full sample in the fall
and spring of kindergarten and in the spring
of first, third, and fifth grades. As of summer
2003, data on the full sample of children
from waves 1 (fall kindergarten), 2 (spring
kindergarten), and 4 (spring first grade) had
been released for public use, and we used
data from these 3 waves for our analysis.

We used data from the child (height and
weight), parent (family characteristics),

teacher (PE exposure), and school question-
naires. About 19028 children had valid
height/weight data at baseline. About 5177
were missing follow-up data in waves 2 and
4. Of these, 3452 children were missing fol-
low-up data because they moved away and
were not followed. Because the ECLS-K only
followed a random 50% sample of movers
(presumably owing to cost concerns), the
missing data among children who were fol-
lowed are thus less likely to lead to bias. An
additional 3640 children were lost because
of nonresponse on their teacher, parent, or
school questionnaires. About 10211 children
had all measures at all waves, but we deleted
460 observations because of data inconsis-
tencies over time. These inconsistencies in-
cluded problems such as change in BMI
being more than 10 points during kinder-
garten and more than 15 points during first
grade, BMI of either less than 11 or more
than 30 in any wave, decrease in height over
time, increase in height of more than 10
inches during first grade, and change in
weight of more than 30 pounds. These
changes are most likely errors in data entry.
This resulted in an analysis sample of 9751
kindergartners. Comparison of children miss-

Children spend many hours in school, making
physical education (PE) programs in schools a
potentially important channel through which
physical activity and fitness may be promoted
among young children.1,2

How effective are school PE programs in
preventing obesity and promoting physical
activity? Research studies tend to paint a pes-
simistic picture. Although guidelines recom-
mend that students have daily classes, re-
ceive a substantial percentage of their weekly
amount of in-school physical activity in PE
classes, and be physically active for at least
half of the PE class time, only a small minor-
ity of children have daily classes, and active
class time is far below 50%.3–7 In response, a
number of programs have been developed to
improve physical education, often in combi-
nation with other health education or envi-
ronmental interventions.8–12 Some interven-
tion trials have indeed demonstrated that
carefully designed programs can improve
youth fitness and may reduce obesity.10,13

However, no national study has evaluated
the role of PE classes—in the form in which
they are currently implemented in American
schools—in preventing obesity. Even if actual
classes fall short of standards or exemplary
programs, their overall role may be more im-
portant for public health than the incremen-
tal addition to the baseline that possible in-
terventions could provide.

We evaluated the effect of currently existing
PE programs in US elementary schools by fol-
lowing a nationally representative cohort of
kindergartners in the United States. The longi-
tudinal data allowed us to study whether in-
creases or decreases in physical education over
time affect changes in body mass index (BMI).

METHODS

Analysis Sample
We analyzed data from the Early Child-

hood Longitudinal Study–Kindergarten Class
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ing data at follow-up with those not missing
data showed that children missing data at fol-
low-up tended to be non-Whites and children
with less educated mothers. However, there
was no difference in baseline BMI between
these 2 groups of children.

Measures
BMI. The key dependent variable is change

in BMI, defined as weight in kilograms di-
vided by the square of height in meters. The
ECLS study team measured height and weight
twice in each wave with the Shorr Board
(Shorr Productions, Olney, Md) and a digital
bathroom scale. If the 2 recorded height val-
ues were less than 2 inches apart, the average
of the 2 height values was computed and used
as the composite measure of height. Otherwise,
the value that was closest to 43 inches (the av-
erage height for a 5-year-old child) was used
as the composite. For the weight composite, if
the 2 weight values from the instrument were
less than 5 pounds apart, the average of the 2
values was computed. Otherwise, the value
that was closest to 40 pounds (the average
weight for a 5-year-old child) was used as the
composite value.

Children that had a BMI greater than or
equal to the 95th percentile for their age and
gender were classified as overweight, and
those with a BMI greater than or equal to the
85th percentile but less than the 95th per-
centile for their age and gender were classi-
fied as at-risk-of-overweight.

Because BMI was collected in each wave, we
computed the change in BMI during kinder-
garten (difference between BMI at fall kinder-
garten and spring kindergarten) and the change
in BMI during first grade (difference in BMI
during spring kindergarten and spring first
grade). The difference between BMI change in
kindergarten and first grade is used as the de-
pendent variable in our analyses. This depen-
dent variable is adjusted for the difference in
duration between waves 1 and 2 and waves 2
and 4. Changes in BMI could be caused by
changes in the child’s height or weight. BMI
can decrease because of actual weight de-
creases, but in this population, BMI most com-
monly decreases because children grow sub-
stantially and gain relatively less weight. BMI
increases were mainly the result of children
gaining relatively more weight than height.

Exposure to physical education. Information
on the number of times during the week and
minutes per day that children were exposed
to PE instruction was collected in spring
kindergarten and first grade. This information
was used to construct the change in hours per
week of PE class time between kindergarten
and grade 1.

Other explanatory variables. In multivariate
models, we include gender, race/ethnicity,
mother’s education, percentage minority in
school, school size, degree of urbanization of
child’s residence, measure of parent–child
interaction, birthweight, change in the num-
ber of hours spent watching television or
video tapes in a day between spring kinder-
garten and first grade, and whether the child
belonged to a single-parent family as addi-
tional explanatory variables.

Data Analysis
Our main approach identified the effect of

physical education by studying how a child’s
BMI changes over a year differ with changes
in exposure to physical education. In contrast
to this difference-in-differences approach, a
more common cross-sectional analysis would
have compared children’s BMI (or BMI
change over a period) by their exposure to
physical education at a point in time and
would use the variation across schools as
identifying information. Although cross-
sectional analyses are often the only available
choice, errors may occur because schools in
wealthy neighborhoods may have the re-
sources to provide more PE programs, but
children in these schools may also have more
health-conscious parents or live in environ-
ments that promote healthy lifestyles outside
school. It is unlikely that even comprehensive
measurement could have captured all con-
founding effects.

The difference-in-differences approach re-
duced the problem of unmeasured character-
istics by using children as their own control
and employing the variation that comes from
changes in PE class schedules over time, but
within the same school. In our conceptual
model, physical activity class time in a school
year affects a child’s change in BMI over the
school year. BMI change is also affected by
other characteristics of the school or child.
By calculating the difference of 1-year

changes in BMI over 2 school years and re-
gressing this difference on the change in PE
class time between 2 school years, any con-
stant effects resulting from school or the so-
cioeconomic environment were completely
eliminated, regardless of whether we could
measure the variables associated with these
effects.

Statistically, we used a multivariate linear
regression model with the difference of
kindergarten–first grade BMI change as the
dependent variable and with change in PE
class time as the main explanatory variable.
Calculating differences does not completely
remove time-varying effects, which is why we
included gender, race/ethnicity, mother’s edu-
cation, percentage minority in school, school
size, degree of urbanization of school district,
measure of parent–child interaction, birth-
weight, and whether the child belonged to a
single-parent family as regressors. Although
these variables were constant, they would
only have cancelled out when calculating dif-
ferences if their effect on BMI change is the
same in kindergarten and grade 1, which is a
testable hypothesis. The time-varying effect of
changes in time spent watching television or
videos was captured by the change in the
number of hours spent watching television or
video in a day between spring kindergarten
and first grade. Finally, we also include the
child’s age in spring kindergarten in our mod-
els to control for naturally occurring changes
in BMI by age. We used a school-level ran-
dom effects model. This model corrected for
the hierarchical structure (children are clus-
tered in schools) by allowing for varying in-
tercepts across schools. This specification ac-
counted for the possibility that different
schools may have had different trends in BMI
change over time.

RESULTS

Table 1 reports the prevalence of over-
weight in kindergarten and first grade in our
sample, by sociodemographic categories.
Boys, non-Whites (in particular, Hispanic
children), children whose mothers had an
educational level of a high school diploma or
less, and children from low-income families
were significantly more likely to be over-
weight in kindergarten as well as first grade.
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TABLE 1—Distribution of Overweight in
Fall 1998 Kindergarten and Spring
2000 First Grade, by Child and Family
Characteristics

Percentage Overweight

Fall Spring 
Kindergarten Grade 1

Gender

Boys 11.6 12.6

Girls 9.8 11.8

Child’s race/ethnicity

White 9.6 10.6

Black 11.0 14.0

Hispanic 14.6 16.9

Asian 11.3 12.7

Other 10.6 12.6

Mother’s education

Less than high school 12.9 16.0

High school diploma 12.0 13.6

Some college 10.3 11.6

Bachelor’s degree or more 8.2 9.0

Family income, $

< 15 000 11.6 14.6

15 000–24 999 13.3 16.0

25 000–34 999 14.7 15.0

35 000–49 999 10.5 12.3

50 000–74 999 9.9 10.5

≥ 75 000 7.6 8.8

Note. Overweight is defined as having a body mass
index greater than or equal to the 95th percentile for
age and gender.

TABLE 2—Distribution of Physical
Education Instruction During Spring
1999 Kindergarten and Spring 2000
First Grade

Kindergarten Grade 1

Times per week, %

Never 8.55 2.42

< 1 time per week 4.26 3.53

1–2 times per week 58.7 65.32

3–4 times per week 12.09 16.19

Daily 16.4 12.54

Observations, no. 9751 9751

Minutes per day (conditional 

on some physical 

education), %

1–15 minutes per day 11.36 5.41

16–30 minutes per day 63.64 56.62

31–60 minutes per day 24.85 37.9

> 60 minutes per day 0.15 0.07

Observations, no. 8917 9515

Exposure to Physical Education in
Kindergarten and First Grade

Table 2 reports the frequency (times per
week) and duration (minutes per day) of PE
class time in kindergarten and first grade, re-
spectively. Among kindergartners, 16% re-
ceived PE instruction in school daily, and
13% received PE instruction less than once a
week or never. The majority of kindergart-
ners (64%) had PE class time of between 16
and 30 minutes per day. Combining fre-
quency and duration, kindergartners on aver-
age spent just under 1 hour per week (57
minutes per week) in PE class.

There was a significant increase in the av-
erage minutes per week of physical educa-
tion between kindergarten and first grade
(difference=8.2 minutes per week; P <
.001). The median increase is much larger,

from 34.5 minutes per week in kindergarten
to 68.2 minutes per week in first grade. This
large increase is largely explained by the
bimodal distribution of minutes per week of
PE instruction in kindergarten as well as first
grade. Table 2 shows that most of the data
are concentrated in the categories of either
16–30 or 31–60 minutes per day. Between
kindergarten and first grade, there was a
shift away from 16–30 and toward 31–60
minutes per day of physical education, re-
sulting in a large increase in the median
minutes per week of PE instruction. The first
graders’ weekly class time, based on the
ECLS, was almost identical to the recent
estimate of weekly PE class time for third
graders, based on data from 10 sites,3 indi-
cating that there was little change in the av-
erage PE class time between first and third
grade.

These average numbers obscure the varia-
tion in the change in curricula. Most schools
increase PE time, but some schools also re-
duce PE time in first grade compared with
kindergarten, and others have no PE classes
in kindergarten and only start them in first
grade. Overall, 37% of the children experi-
enced an increase in PE instruction time be-
tween kindergarten and first grade and 44%

maintained their kindergarten level of physi-
cal education. About 8% went from no physi-
cal education in kindergarten to some physi-
cal education during the week in first grade.
Relatively fewer children experienced a re-
duction in minutes per week of physical edu-
cation (19%), with only 2% of those who had
physical education in kindergarten not receiv-
ing physical education in first grade.

Descriptive statistics (Table 3) show some
differences in background characteristics by
PE class time in kindergarten. Schools with
no physical education in kindergarten had sig-
nificantly fewer White (P=.03) and more
Black children (P<.001), a higher percentage
of families with income under $15000 (P=
.02), and a lower percentage of children with
maternal education more than bachelor’s de-
gree (P<.001) or some college (P=.05). In
addition, small schools (P<.001) and those
with a greater percentage of minority stu-
dents (P<.001) were more likely to offer no
physical education in kindergarten.

PE Class Time and Changes in BMI
Table 4 reports the adjusted multivariate

regression estimates of the effect of a 1-hour
increase in PE instruction time on BMI
change by gender and BMI category at base-
line. PE instruction time has a strong negative
effect on BMI change for girls who are over-
weight or at risk for overweight. We estimate
that a 1-hour increase in PE instruction per
week between kindergarten and first grade
leads to a 0.31-point (P<.001) greater reduc-
tion in BMI in first grade compared with
kindergarten among girls who were over-
weight or at risk for overweight. The effect of
1 hour of additional PE instruction per week
was negative for boys who were overweight
or at risk for overweight but was consider-
ably smaller and not statistically significant
(estimate=–0.07, P=.25). There is no effect
for children with normal or low BMI in either
girls (estimate=0.01, P=.80) or boys (esti-
mate=0.04, P=.31).

Estimates of other covariates in these mod-
els were mostly statistically insignificant, indi-
cating that time-varying effects of the school
or socioeconomic environment were negligi-
ble and that our difference-in-difference ap-
proach removes the large (but constant) ef-
fects of sociodemographic and school
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TABLE 3—Physical Education (PE) Instruction Time per Week During Kindergarten, by
Continuous and Categorical Variables

No PE Some PE P for 
Instruction Instruction Difference

Continuous Variables

Body mass index (fall kindergarten) 16.32 16.25 .341

Body mass index (spring kindergarten) 16.41 16.33 .290

Body mass index (spring grade 1) 16.77 16.78 .969

Minutes/week of PE in first grade 55.11 66.18 .000

Hours/day of television or videos watched in kindergarten 2.17 2.00 .000

No. of activities that parents participated in with child 8.25 8.26 .836

Birthweight (pounds) 7.36 7.41 .281

Categorical Variables

Percentage overweight (fall kindergarten) 0.12 0.11 .313

Percentage overweight (spring kindergarten) 0.12 0.10 .181

Percentage overweight (spring grade 1) 0.12 0.12 .924

Percentage at risk of overweight (fall kindergarten) 0.15 0.15 .698

Percentage at risk of overweight (spring kindergarten) 0.13 0.15 .086

Percentage at risk of overweight (spring grade 1) 0.15 0.14 .424

Belongs to single-parent family 0.23 0.18 .001

Female 0.50 0.50 .850

Child’s race/ethnicity

White 0.58 0.61 .032

Black 0.20 0.12 .000

Hispanic 0.15 0.16 .708

Other 0.08 0.11 .003

Mother’s education

Less than high school 0.13 0.12 .225

High school diploma 0.39 0.36 .059

Some college 0.30 0.27 .048

Bachelor’s degree or more 0.18 0.26 .000

Family income, $

< 15 000 0.16 0.13 .021

15 000–24 999 0.12 0.13 .411

25 000–34 999 0.15 0.12 .015

35 000–49 999 0.18 0.16 .113

50 000–74 999 0.21 0.23 .128

≥ 75 000 0.19 0.24 .003

Percentage minority in school less than 10% 0.26 0.38 .000

Less than 150 students enrolled in school 0.11 0.05 .000

Degree of urbanization of child’s residence

Central city 0.38 0.38 .846

Urban fringe/large town 0.41 0.39 .278

Small town/rural 0.21 0.23 .140

Observations 834 8917

Note. Figures reported are percentages for categorical variables and means for continuous variables. Overweight and being at
risk of overweight are defined as having a body mass index greater than or equal to the 95th percentile and between the
85th and 95th percentiles for age and gender, respectively.

characteristics. We also estimated unadjusted
models that did not include any of the other
covariates except the BMI group and change
in PE variables (Table 4). These estimates

were similar to those obtained from the ad-
justed models.

We also examined whether the effect of PE
instruction time on BMI varied across differ-

ent racial/ethnic groups, by including interac-
tions of race with change in PE instruction
time. We did not detect any statistically signif-
icant differences across race/ethnicity in the
effect of physical education on BMI change
among overweight or at-risk-for-overweight
boys. Although the numbers were not quite
statistically significant, it was estimated that
White girls who were overweight or at risk
for overweight may benefit more from in-
crease in PE instruction time compared with
other overweight or at-risk-for-overweight
girls (estimate=–0.22, P=.05).

DISCUSSION

Despite the uneven reputation of currently
existing PE programs in US schools, we found
evidence that existing physical education can
play a substantial role in containing obesity
among overweight or at-risk-of-overweight
girls. On the basis of our estimates, expanding
existing PE instruction time nationwide so
that every kindergartner gets at least 5 hours
of PE instruction per week (close to the rec-
ommended levels) could decrease the preva-
lence of overweight among girls by 4.2 per-
centage points (43%) and the prevalence of
children who are at risk for overweight by
9.2 percentage points (60%). Even if the true
effect were at the lower bound of the confi-
dence interval, reducing the change by about
half, it would nevertheless be a very substan-
tial change. The effect of physical education
among heavier boys is much smaller and not
statistically significant, and there is no effect
among other children.

These simulations are derived from models
that allow the relationship between physical
education and BMI change to vary across
normal BMI and overweight or at-risk-of-
overweight children. These models take into
account the possibility that physical activity
benefits may be more pronounced when
overweight children become active compared
with when nonoverweight children become
active, and our results support this hypothesis.
However, within normal-BMI or overweight
children, the relationship between physical
education and BMI is assumed to be linear. It
is also possible that physical activity benefits
are more enhanced among sedentary children
compared with active children. We tested for
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TABLE 4—Estimated Change in Body Mass Index With 1 Hour of Additional Physical Education
Instruction per Week, by Risk for Overweight, and Gender

Body Mass Index Change P (95% Confidence Interval)

Adjusted Modela

Normal-weight children

Boys only 0.041 .318 (–0.039, 0.121)

Girls only 0.010 .810 (–0.074, 0.095)

At-risk-for-overweight or overweight children

Boys only –0.068 .263 (–0.186, 0.051)

Girls only –0.317 .000 (–0.459, –0.174)

Unadjusted Modelb

Normal-weight children

Boys only 0.043 .298 (–0.038, 0.123)

Girls only 0.014 .742 (–0.070, 0.099)

At-risk-for-overweight or overweight children

Boys only –0.062 .307 (–0.180, 0.057)

Girls only –0.312 .000 (–0.454, –0.170)

aRegressions included constant, gender, age in months at time of spring kindergarten, race/ethnicity, maternal education,
family income, parent–child interaction, whether child belonged to a single-parent family, birthweight, change in hours of
television watched per day between kindergarten and first grade, percentage minority in school, school size, and degree of
urbanization of child’s residence.
bEstimates are from models that only include constant, change in physical education between kindergarten and first grade,
indicator for whether child was overweight or at risk of overweight at baseline, and interaction between change in physical
education and the indicator variable for overweight or being at risk of overweight.

this in our model by including physical educa-
tion in kindergarten and its interaction with
change in physical education over time. The
interaction effect was insignificant for both
boys and girls, indicating that the effect of in-
creased PE instruction between kindergarten
and first grade did not differ by amount of
physical education in kindergarten.

Similar to our findings, school-based inter-
ventions on middle school children, such as
the Planet Health intervention, have also de-
tected gender differences in the effectiveness
of PE programs, with effects concentrated
among girls rather than boys.10,17 Although
some of these gender differences may be ex-
plained by initial differences in activity levels
of boys and girls (boys being more active
than girls early in life), the 2 studies suggest
that different causal factors may operate
among boys and girls.10 Otherwise, it is diffi-
cult to compare our study to prior publica-
tions because we try to answer a different
research question. Most other research stud-
ies estimate the effect of new programs com-
pared with “school as usual,” whereas we are
only interested in “school as usual.” A review

of school-based intervention programs, not
just PE, found that the mean reduction in
the percentage of children who were over-
weight across the 12 studies examined was
about 10%,13 with the largest effects esti-
mated to be close to a 15% reduction in
overweight.18 On the basis of our estimates,
a 10% reduction of overweight among girls
could also be achieved by a nationwide ex-
pansion of existing elementary school PE
programs by about 1 hour per week. Even
using only the lower bound of the confi-
dence intervals, expanding existing PE pro-
grams appears to be a very effective strategy
to contain obesity among elementary school
children, at least among girls.

Limitations
Although a national data set is a big advan-

tage as far as generalizability (external valid-
ity) is concerned, we have an observational
study, not a randomized trial, and internal va-
lidity is a concern. Purely cross-sectional
analyses, such as regressing a child’s BMI (or
BMI change) on PE class time, are likely to
be subject to unobserved confounding factors,

including unmeasured family and school
characteristics. Fortunately, we have longitu-
dinal data, which is a big advantage in that
situation. By examining how a change in ex-
posure to physical education between kinder-
garten and first grade affected the difference
in BMI change during first grade compared
with kindergarten for the same child, all un-
observed fixed factors correlated with both
physical education and BMI were controlled.
What was not controlled were unobserved
characteristics correlated with BMI or PE if
those effects change between kindergarten
and first grade. Although we have large sam-
ple sizes compared with intervention trials,
the statistical power for subgroup compar-
isons is limited. Even a substantial differential
effect by race/ethnicity among girls is not sta-
tistically significant—a conclusion likely to
change with larger sample sizes.

Conclusions
School boards are receiving mixed mes-

sages about physical education. On the one
hand, government organizations like the Cen-
ters for Disease Control and Prevention rec-
ommend that all schools require physical edu-
cation for all students from kindergarten
through twelfth grade on a daily basis. On the
other hand, the predominant conclusion
emerging from research studies is that typical
PE programs are substandard and of limited
value. School boards, principals, and teachers
facing other competing goals, especially aca-
demic achievement, may come away with the
conclusion that if existing physical education
is of limited value, it should be abolished or
at least reduced in favor of academic instruc-
tion. In fact, our findings indicate that only
16% of kindergartners received PE instruc-
tion in school daily in 1998 and about 13%
received PE instruction either less than once
a week or never. However, far from being
worthless, our study shows that “school as is”
plays an important role in keeping obesity
among girls in check and that expanding ex-
isting physical education in US elementary
schools could reduce obesity rates among
girls.
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