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In  this  paper,  we  investigate  the  impact  of  attending  school  on body  weight  and  obesity  using  a regression-
discontinuity  design.  As is  the  case  with  academic  outcomes,  school  exposure  is  related  to  unobserved
determinants  of weight  outcomes  because  some  families  choose  to have  their  child  start  school  late (or
early). If one  does  not  account  for this  endogeneity,  it appears  that  an additional  year  of  school  exposure
results  in  a greater  BMI  and  a higher  probability  of  being  overweight  or obese.  When  we compare  the
weight  outcomes  of  similar  age  children  with  one  versus  two  years  of  school  exposure  due to  regula-
tions  on  school  starting  age,  the significant  positive  effects  disappear,  and  most  point  estimates  become
14
21
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negative,  but  insignificant.  However,  additional  school  exposure  appears  to  improve  weight  outcomes  of
children  for  whom  the  transition  to elementary  school  represents  a more  dramatic  change  in  environment
(those  who  spent  less  time  in childcare  prior  to  kindergarten).

© 2011 Elsevier B.V. All rights reserved.
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. Introduction

In recent decades, there has been a stark increase in childhood
besity, with rates tripling from 5 percent in the early 1970s to
5 percent by the early 2000s. This increase in childhood obesity
aises many concerns. For example, Type II diabetes is occurring at
ounger ages. In fact, we can no longer refer to juvenile diabetes and
dult-onset diabetes, but instead use the terms Type I and Type II. In
ddition to health concerns, overweight children have been found
o have lower quality-of-life scores, and there is some evidence
hat they may  have worse academic outcomes (see Taras and Potts-
atema, 2005, for a review of this literature).

These concerns about childhood obesity have led to much
esearch. Given that children spend a large amount of time in
chool, many studies have focused on the school environment.
or example, Schanzenbach (2009) concludes that regularly eating
chool lunch (as opposed to bringing a lunch from home) increases

besity rates by about 2 percent points. Similarly, Anderson and
utcher (2006) find that a 10 percent point increase in the likeli-

∗ Corresponding author. Tel.: +1 773 661 3038.
E-mail address: dws@northwestern.edu (D.W. Schanzenbach).
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ood of being exposed to junk food in school results in a 1 percent
ncrease in the average student’s BMI.

While these studies are consistent with school attendance being
eleterious for one’s health, it is important to realize that they do
ot necessarily imply that this is the case. Rather, they both indi-
ate that some school environments are worse than others – i.e.,
chools with higher quality lunches and less junk food would pro-
uce leaner children than those with lower quality lunches and
ore junk food. It may  still be the case, though, that being in school

s better than being out of school. Von Hippel et al. (2007) try to
irectly address this question by comparing weight gain in the sum-
er  to weight gain during the school year. They conclude that the

ate of weight gain is faster during the summer, although there are
any caveats to their findings, including issues of seasonality.1

A straightforward way to think about the impact of being in
chool versus not being in school takes advantage of school starting
ge cutoffs, an approach that has previously been used to esti-

ate the effect of educational attainment on test scores (Cahan and
avis, 1987; Cahan and Cohen, 1989; Gormley and Gayer, 2005;
ascio and Lewis, 2006; Luyten, 2006), adult well-being (Dobkin

1 In addition, Frisvold and Lumeng (2011) find that lengthening the Head Start
ay decreases obesity.

dx.doi.org/10.1016/j.jhealeco.2011.06.002
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
mailto:dws@northwestern.edu
dx.doi.org/10.1016/j.jhealeco.2011.06.002
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nd Ferreira, 2010), and birth outcomes (McCrary and Royer, 2011).
onsider a state that requires that a child reach age 5 by September

 in order to start kindergarten that fall. A child born on August 31
ill start kindergarten at the age of five years and one day and be in

chool for the next year, while one born on September 2 will have to
ait until the following year to begin kindergarten and will be aged

 years and 364 days on entry. The only difference between these
imilar-age children is being born one day before or after Septem-
er 1. Ideally, we would compare these children at the end of the
ear where one is in school and the other is not. However, since the
lightly older child will always have one additional year of school
xposure for a given age, later comparisons should also be informa-
ive. Much later comparisons, however, may  begin to conflate any
ositive effect of education on health with a pure school exposure
ffect.2 Zhang (2007),  e.g. uses school starting age laws in combi-
ation with the NLSY97 to determine that teenage girls with more
ducation are less likely to be overweight, a finding she attributes
o the possibility that education promotes healthier eating habits.

In this study, we estimate the impact of early elementary school
n children’s body weight. In particular, we use data from the
arly Childhood Longitudinal Study – Kindergarten Cohort of 1998
ECLS-K) to compare the weights of children who have completed
rst grade to those of same age children who have completed
indergarten only.3 We  first show that a simple ordinary least
quare (OLS) approach is misleading: children completing only
indergarten by a given age are on average lighter, consistent with
arents holding back children who are small for their age. We
hen present alternative estimates that exploit the sharp differ-
nce in predicted school exposure among children whose birthdays
re near school entry cutoff dates, described above. Using this
egression-discontinuity (RD) approach, we find no strong evi-
ence that an additional year of schooling has either positive or
egative effects on weight outcomes in the full sample. However,
he RD estimates suggest that school attendance improves the
eight outcomes of children for whom the transition to elementary

chool represents a more dramatic change in environment, such as
hose who spent little time in childcare prior to entering kinder-
arten. There is also some indication that some aspects of the school
nvironment mediate effects of school exposure on child weight.

. Empirical approach

Most states set a date by which children should be five years
ld in order to start kindergarten. As a result, within a state some
hildren who are six years old will be in first grade, while others
ill be in kindergarten. Consider, e.g. a state with a September 1

utoff. A child born on September 2 will miss the cutoff and be
ix at the beginning of kindergarten the following year (an “older
tarter”). By comparison, a child born just a day earlier who  was
llowed to start kindergarten (a “younger starter”) will be in first
rade when she is six. Thus, we have two children with almost iden-
ical ages – who would arguably have the same weight outcomes

n average in the absence of differences in school exposure – one of
hom (the younger starter) has been exposed to school for an addi-

ional year. If, in fact, being in school improves weight outcomes,
s implied by Von Hippel et al. (2007),  then the younger starters

2 See Cutler and Lleras-Muney (2010) for a recent discussion of the education
radient in health.
3 Most <fn0015>children in the second wave of the ECLS-K are in first grade, but

ome are in kindergarten again. Throughout the paper, we  say that they are in first
rade for ease of exposition. In practice, the second year of kindergarten constitutes
n  additional year of school exposure, so the interpretation of our findings is not
ffected.
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hould have a healthier weight for their age than the older starters.
f, instead, the younger starters have a less healthy weight for their
ge than the older starters, then we can conclude that not only are
ome school environments worse than others (as in Anderson and
utcher, 2006, and Schanzenbach, 2009), but that any school can
e bad for weight outcomes.

If all children complied with the school starting age dates set
y the states, a simple regression of weight outcomes on years of
chool exposure, controlling flexibly for age, would replicate the
hought experiment described above. One would indeed be com-
aring the six year old born September 2 and now in kindergarten
ith the six year old born August 31 and now in first grade. How-

ver, many schools do not strictly enforce the state cutoffs, and
ill allow the September 2 child to go ahead and start if the fam-

ly requests it. More importantly, the entry cutoffs, even if strictly
nforced, are only eligibility cutoffs in many states. Thus, while a
hild turning age five on August 31 is eligible to start kindergarten,
here may  be no requirement that he start. Typically, school atten-
ance requirements only apply to an older age (as part of truancy

aws). For example, a state with a September 1 cutoff makes a child
ho is five on September 1 eligible for kindergarten, but the child
ay  not be required to be in school until she is six (or even seven

f the state does not require kindergarten) on September 1.4

How many years a child has been in school by a given age is
herefore determined not just by state legislation, but also by par-
nts’ decisions. Anecdotally, physical size is an important factor for
arents in the decision to delay school entry. Indeed, the term “red
hirting” – now commonly used to describe delayed school entry –
as its origins in college athletes delaying their eligibility for colle-
iate competition to buy time to get bigger and stronger.5 Even if
hysical size is not taken into consideration, cognitive development
nd parental perceptions of academic readiness may be positively
orrelated with physical development. Either way, if children with
ower body weight are considered less “ready” for kindergarten
nd held back by parents, a simple regression of weight on years
f school exposure, controlling for age, will make it appear that
chool exposure increases weight. To avoid this bias, we will exploit
he variation in school exposure arising from school entry laws
escribed above.

More formally, consider the following model for child i:

i = f (agei; ˛) +  ̌ in 1sti + εi (1)

here Y is a measure of body weight, f(·) is a continuous, flexible
olynomial in age at measurement in days, age (with parameter
ector ˛), and “in 1st” is an indicator variable set to one if the
hild is in first grade at this age and zero if she is in kindergarten.6

e  expect that this model, when estimated via OLS, will be biased
pward by the endogeneity of the school starting decision.

To address this bias, we  instrument for “in 1st” in model (1) with
 dummy  set to one if the child should be in first grade given her age

 i.e., if she has a birthday that falls either on or in the six months
rior to the school entry cutoff in her state of residence. The first
n 1sti = f (agei; �) + � predicted in 1sti + vi (2)

4 See http://www.fcps.edu/start/kindergarten.htm for an example of just such a
ule.

5 The “red shirts” are apparently the red jerseys worn by these players in scrim-
ages.
6 All <fn0025>children in the ECLS-K are weighed and measured at the end of

oth  kindergarten and first grade. As described in the next section, we choose the
pring kindergarten or spring first grade measurements for a given child to ensure
ontinuity in age at measurement through the age of the youngest complier with a
tate’s school entry law.

http://www.fcps.edu/start/kindergarten.htm
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here “predicted in 1st” is an indicator set to one if agei ≥ age0,
here age0 is the age at measurement for the youngest complier
ith the state’s school entry law, whose birthday is the school entry

utoff date, or “threshold”. Eq. (2) is thus a regression-discontinuity
RD) model which flexibly controls for the running variable – age

 and which incorporates a sharp break in the “treatment” – pre-
icted school exposure based on the child’s birthday relative to
he starting age threshold. If all children complied with the school
tarting age rule, then �, the coefficient on the indicator for a child
aving a birthday on or before the threshold, would be equal to 1.
e expect that most but not all children predicted to be in first

rade will be observed in first grade, or that 0 < � < 1. If there is an
ffect of school exposure on weight, we should also expect to see a
harp break in weight outcomes for children observed at ages close
o the threshold.

The instrumental variable (IV) estimate of ˇ, the effect of school
xposure on weight outcomes, is simply a scaled version of the
educed-form RD estimates for weight outcomes. The reduced-
orm estimates show whether there is a break in weight outcomes
t the age threshold; the IV estimates take into account the fact
hat not all children who are born on or before the threshold com-
ly with starting age rules and have more exposure to school. The IV
stimate thus scales the break in weight outcomes at the threshold
y the break in school exposure at the threshold (�).

This “RD/IV” approach will identify the causal effect of school
xposure as long as unobserved determinants of weight outcomes
re continuous through the age threshold. If other determinants
f weight outcomes, besides school exposure, are discontinuous at
he threshold, then this approach is not valid. We  provide some evi-
ence below in support of the assumption that other determinants
o not vary at the threshold.

. Data

Our estimation sample is drawn from the Early Childhood Lon-
itudinal Study – Kindergarten Cohort of 1998 (ECLS-K). If the data
ad been collected on, say, a single birth cohort regardless of the
rade attended by the child, it would be relatively straightforward
o implement our RD/IV approach. In such a case, for example, we
ould be able to compare a child born on August 31, 1992 to one

orn on September 2, 1992. If both children complied with the
eptember 1 school entry-age cutoff rule, and we weighed them
oth when they were exactly 6 years and 8 months old (approx-

mately May  1, 1999), then the August-born child would be in
rst grade at the time of measurement and the September-born
hild would be in kindergarten. Both children have approximately
he same age, but the August-born child has (essentially exoge-

ously) one additional year of schooling. We  would then attribute
ny difference in weight between the children to the impact of the
dditional year of school.7

7 We have also estimated our models using data from the National Longitudi-
al  Survey of Youth 1979 Mother–Child matched file, which has this structure and
llows us to observe multiple birth cohorts in different grades. The working paper
ersion of this paper (Anderson et al., 2011) provides details on the sample and
ata construction, and Table A2 in Appendix A summarizes our RD/IV findings for
ve to six year olds (Panel I), and five to ten year olds (Panel II). The results show
o  statistically significant relationships. The NLSY has a number of drawbacks as

 data set to examine the exogenous effect of changes in school exposure on chil-
ren’s weight. The sample restricted to 5–6 year-olds is too small to allow for precise
stimates. The 5–10 year old sample is larger, but as mentioned earlier, the effect
f  school exposure on weight outcomes may  change in later grades since there is
ikely to be an effect of education as children learn about healthful choices in school
as in Zhang, 2007), which may  be different from the effect of exposure at very early
rades. More generally, the NLSY may  be unsuited for this exercise as it includes
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In practice, though, constructing the comparison is more com-
licated because the ECLS-K follows only a single grade-based
ohort. All of the children in the survey were in kindergarten in the
all of 1998. The key feature of the data that allows us to construct
he RD is that the children are weighed and measured near the end
f both kindergarten and first grade. Thus, comparing measure-
ents from “younger starters” in first grade to those from “older

tarters” in kindergarten will successfully compare similar-aged
hildren with different exposures to school.

To see this, we  continue the example described in the paragraph
bove, which assumes compliance with a September 1 entry-age
utoff. In order to be in the 1998–1999 kindergarten cohort, a
eptember-born child should be born in 1992, while an August-
orn child should be born in 1993. When the kindergartners are
eighed and measured on May  1, 1999 after nearly 1 year in school,

he September-born child is approximately 6 years 8 months old,
hile the child born on August 31 is almost a year younger (almost

 years 8 months old). When they are weighed in first grade at the
nd of their second year in school, the September- and August-born
hildren are approximately aged 7 years 8 months, and 6 years 8
onths, respectively. Therefore, in order to compare the two chil-

ren at approximately the same age but (exogenously) different
ears of school exposure, we would compare the September-born
hild measured in kindergarten with the August-born child mea-
ured in first grade, when each is about 6 years 8 months old.

Table 1
lists the age distribution at the point in time that the students

re weighed and measured in both kindergarten and first grade.
he data are shaded to illustrate how we choose one measurement
er child from the spring kindergarten and spring first grade waves
f the ECLS-K panel to create our final cross-sectional data set. For
implicity, the table and exposition below use a September 1 cutoff
ate. While this is the modal cutoff, there are in fact 14 different
utoff dates employed by the states, and we  use the cutoff appro-
riate for each student’s state of residence.8 In this example, we
se the measurement taken when the student’s age is between

 years 3 months and 7 years 2 months. Among entry-age com-
liers, this amounts to using the kindergarten measurement for
hose born September–February (the “older starters”), and the first
rade measurement for those born March–August (the “younger
tarters”). Since we measure age relative to the cutoff in days, the
eptember and August students will be only a few days different in
ge at the time of observation. More generally, we use a 12-month
ange of age centered on the age at the end of kindergarten of the
oungest complier with a state’s school entry cutoff, or threshold.

There are two types of non-compliers in the ECLS-K kinder-
arten cohort. First are students who would have entered
indergarten in the year prior to the ECLS-K cohort, but delayed
ntry, so that instead of entering school when they had recently
urned five years old, they delayed until they were six. In the case
f the September 1 cutoff illustrated in Table 1, these students were
orn between March and August of 1992 and range between ages

 years 9 months and 7 years 2 months when they are measured in
indergarten. For these students, we  use the measurement taken in
indergarten. The second type of non-compliance comes from stu-

ents who miss the cutoff date but nonetheless start school early,
efore they reach age five. In the example, these students were born
etween September 1993 and February 1994, and when they are

any cohorts of children and both the “alternate environment” prior to school and
he school environment are changing a great deal over this period.

8 We use the 1998 cutoff dates specified in Datar (2004). Thirty-eight percent of
he  children live in states using a September 1 cutoff and 70 percent are subject to
utoffs in August, September or October.
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Table 1
Illustrating the creation of the analysis sample for ECLS-K, Assuming a September 1 school starting age cutoff.

Birthdate Age on May  1 (K) Age on May  1 (1st)

March 92 7 years 2 months 8 years 2 months
April 92 7 years 1 months 8 years 1 months
May 92 7 years 0 months 8 years 0 months
June 92 6 years 11 months 7 years 11 months
July  92 6 years 10 months 7 years 10 months
August 92 6 years 9 months 7 years 9 months
September 92 6 years 8 months 7 years 8 months Compare to Aug 93
October  92 6 years 7 months 7 years 7 months
November 92 6 years 6 months 7 years 6 months
December 92 6 years 5 months 7 years 5 months
January 93 6 years 4 months 7 years 4 months
February 93 6 years 3 months 7 years 3 months
March 93 6 years 2 months 7 years 2 months
April 93 6 years 1 months 7 years 1 months
May  93 6 years 0 months 7 years 0 months
June 93 5 years 11 months 6 years 11 months
July  93 5 years 10 months 6 years 10 months
August 93 5 years 9 months 6 years 9 months Compare to Sep 92
September 93 5 years 8 months 6 years 8 months
October 93 5 years 7 months 6 years 7 months
November 93 5 years 6 months 6 years 6 months
December 93 5 years 5 months 6 years 5 months
January 94 5 years 4 months 6 years 4 months
February 94 5 years 3 months 6 years 3 months

Notes: Complier birthdates are indicated by bold italics. Those compliers reaching age 5 in the six months before the cutoff are considered to be younger starters, and we look
at  their assessment in first grade. For the even younger non-compliers, we also use first grade. All of these younger starters are indicated by light shading. Those compliers
reaching age 5 in the six months after the previous-year cutoff are considered to be older starters, and we  look at their assessment in kindergarten. For the even older
non-compliers, we also use kindergarten. All of these older starters are indicated by dark shading.

Table 2
Arrangement of data for the regression discontinuity approach (ECLS-K), assuming a September 1 school starting age cutoff.

Centered Age −6 −5 −4 −3 −2 −1 0 1 2 3 4 5
Birthdate (compliers) Feb 93 Jan 93 Dec 92 Nov 92 Oct 92 Sep 92 Aug 93 Jul 93 Jun 93 May  93 Apr 93 Mar  93
Age  on May  1 6–3 6–4 6–5 6–6 6–7 6–8 6–9 6–10 6–11 7–0 7–1 7–2
Grade  in which observed k k k K k k 1 1 1 1 1 1
Birthdate (non-compliers) Feb 94 Jan 94 Dec 93 Nov 93 Oct 93 Sep 93 Aug 92 Jul 92 Jun 92 May  92 Apr 92 Mar  92
Age  on May  1 6–3 6–4 6–5 6–6 6–7 6–8 6–9 6–10 6–11 7–0 7–1 7–2
Grade  in which observed 1 1 1 1 1 1 k K k k k K

Notes: This table is meant to be illustrative of the regression discontinuity at 0, where children on either side of the discontinuity are approximately the same age, but are a
year  apart in school. Centered age is actually measured in days, not months; see text for details. Complier birthdates are indicated by bold italics. Those compliers reaching
age  5 in the six months before the cutoff are considered to be younger starters, and we  look at their assessment in first grade. For the even younger non-compliers, we also
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ark  shading.

easured in first grade are between 6 years 3 months and 6 years
 months old.

Table 2 illustrates how the sample is arranged to provide one
bservation per child that is measured when the child fits into
he desired age range, and is assigned an age relative to the state
utoff for the purposes of implementing the RD/IV empirical strat-
gy. Note that we limit our sample to the two years of birth dates
mplied by Table 2.9 That is, all individuals are born in either the 6

onths before/after the current year cutoff (the right side of the top

anel/left side of the bottom panel), or the 6 months before/after
he previous year cutoff (the right side of the bottom panel/left side
f the top panel).10

9 This uses 97% of the sample, excluding mainly those who delayed starting school
y  over a year.
10 We are thus missing from our sample a very small group of students who  deviate
rom the normal patterns. Continuing with the example using the September 1 cutoff
irth date, to obtain a fully representative sample of children born in August, we
ould want to observe three groups of students: those that start on time, those that

tart a year late (the “red-shirters”), and the extremely small group (1 student in
he  ECLS-K) that starts a year early even though that would make them extremely
oung relative to their grade cohort. These groups are born in August 1993, August
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rs reaching age 5 in the six months after the previous-year cutoff are considered to
n-compliers, we  also use kindergarten. All of these older starters are indicated by

If all children complied with the state laws, we would have a
harp discontinuity, and would simply compare the left side of the
op panel of Table 2 with the right side. In reality, the presence of
on-compliers makes the discontinuity a fuzzy one. First, there are
ome younger starters (the left side of the bottom panel) who miss
he cutoff, but are nonetheless exposed to an extra year of school.
ar more common are the “red-shirts” or older starters (the right
ide of the bottom panel) who make the cutoff, but are not exposed
o the extra year of school. The actual relationship between age at
easurement (relative to cutoff) and school exposure at the time
f measurement is shown in Fig. 1. The dots on the figure give the
hare of children observed at the end of first grade by age measured

992, and August 1994, respectively. We cannot include any students born in August
994 because we do not observe a weight measurement for them during the proper
ge range (between 6 years 3 months and 7 years 2 months). We have the reverse
roblem with September-born students. While we observe those who start on time
born 1992) and those who  start early (born 1993), we  are forced to omit the 6
tudents who  delay school entry an extra year even though they would have been
mong the oldest students in their cohort if they complied with the entry cutoff
born 1991). To the extent these missing cases are inherently heavier/lighter than
verage, a small bias towards OLS will result.
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Fig. 1. The regression discontinuity in actual grade (ECLS-K). Note: each dot repre-
sents the average probability of being observed in first grade by age measured in
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-day bins. Observations to the right of the cutoff (represented by a vertical line at
 = 0) are predicted to be in first grade. Gridlines are spaced at approximately one
tandard error for the estimated model.

n 7-day bins. Observations to the right of the cutoff (represented
y a vertical line at x = 0) are predicted to be in first grade. While
he discontinuity is clear, its magnitude is less than 1, diminished
y children who delay school entry or start early.

The maintained assumption for identification in an RD/IV
pproach is that there is no other variable that changes discretely at
he threshold. Our sample selection method has ensured that cal-
ndar age increases smoothly with age relative to the school entry
utoff. As a result, the children on either side of the entry cutoff
re just days apart in age at measurement, but have been exposed
o sharply different amounts of school.11 Adding further credibility
o our identification strategy, there are also no sharp differences
t the threshold along any other background characteristic (figures
vailable upon request).

. Results

.1. Full sample models

Table 3 presents the main results of our analysis.12 In each of the
odels in this table, we control for a cubic in age (relative to the age

f the youngest complier, age0) interacted with “predicted in 1st”.
nly state dummies and this flexible polynomial in age are included

n Column 1. All subsequent columns add a vector of controls that
ncludes dummies for race and gender, household income, and

other’s characteristics.13 The weight outcomes vary by column
nd are indicated in the table and described in more detail below.
ll models use standard errors that are robust to heteroskedasticity
nd within-school correlation in the error terms.14

Panel I presents the simple OLS estimate of model (1).  Columns

 and 2 estimate the relationship to the natural log of BMI. Control-

ing for additional demographics makes very little difference, and
n both cases, greater school exposure is positively and statistically

11 We <fn0040>assume in our analysis that all children were weighed and mea-
ured on May  1, 1999, so that age at measurement is perfectly collinear with exact
ay of birth. However, the ECLS-K only reports age in months at the time of measure-
ent. We show in the working paper version of this paper (Anderson et al., 2011)

hat reported age at measurement in months is smooth through the threshold.
12 Table A1 in the appendix provides summary statistics on the key variables for
ur estimation sample.
13 Mother’s characteristics include age at first birth, marital status and whether
he  was  employed between the child’s birth and kindergarten entry.
14 Clustering standard errors on centered age (in days) yields similar inferences.
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ignificantly correlated with body weight. Columns 3 and 4 esti-
ate the relationship to whether a child is overweight or obese,

espectively. These outcomes are defined as whether the child’s
MI  is above the gender-and-age specific cutoffs published by the
enters for Disease Control (2000).  The same pattern holds true

n Columns 3 and 4, where the probability of being overweight or
bese is significantly higher with more school exposure. In Col-
mn  5, the relationship with the probability of being underweight

s negative, but not significant at conventional levels.
As noted above, though, to the extent that parental decisions to

omply with the starting date cutoff are influenced by body weight
r factors correlated with it, then these OLS estimates are likely
o be upward biased. Thus, the most appropriate interpretation of
his top panel is not that school exposure causes children to gain
eight. Rather, consistent with what one might have expected, it

ppears that the determination of school “readiness” that parents
ake either includes body weight explicitly, or includes things that

re highly correlated with it, since the younger starters are signif-
cantly heavier than the older starters when observed at the same
ge.

Panel II substitutes predicted school exposure for actual school
xposure, meaning that we  replace “in 1st” with “predicted in 1st”,
he dummy  variable for being predicted to be in first grade given
irth date relative to the school entry cutoff date. Thus, this panel

mplements the reduced-form version of our RD/IV model. The
orresponding first-stage regression estimates, relating “in 1st” to
predicted in 1st”, are presented in Panel III. The first stage relation-
hip is very strong. As was  clear in Fig. 1, however, the presence of
on-compliers means the prediction is not perfect, giving us a coef-
cient of 0.64 instead of the 1.0 that would be obtained with perfect
ompliance.

Returning to the second panel, the effect of removing the endo-
eneity of the school starting decision is clear: school exposure
ow appears negatively related to ln(BMI), as shown in Columns 1
nd 2. However, the estimated coefficients on “predicted in 1st” are
ot statistically significant. While the impact on the probability of
eing overweight also becomes negative, the estimated effect on
he probability of being obese remains positive, albeit smaller in

agnitude than in the first panel, and not statistically significant.
nterestingly, the negative effect in Column 3 for the probability of
eing overweight comes closer to being significant than any of the
ther columns, but the p-value is still just 0.143.15 Fig. 2 illustrates
his result, plotting the mean of overweight by age in 7-day bins
as in Fig. 1) as well as predicted fits from the RD specification.16

inally, as was the case with the OLS model in the top panel, there is
o discernible effect of school exposure on the probability of being
nderweight, although in this RD model the point estimate is very
lose to zero and the p-value is very high.

The final panel presents the IV estimates that correspond to
hese reduced-form and first-stage RD estimates. Recall that the
V estimates scale up the reduced-form coefficient on “predicted
n 1st” in the weight regressions by the corresponding coefficient
n the first-stage model of school exposure, so as to represent the
ffects of one full additional year of school.17 While we  are unable to

eject that the estimated effects are equal to zero, in all cases except
or Columns 4 and 5, we  can reject that the IV estimates are the same
s the OLS estimates. For example, in Column 2 the IV point esti-

15 Note that this p-value is for a two-sided test, if one were to feel that a one-
ided alternative were more appropriate, the estimated effect would be marginally
ignificant.
16 The jaggedness of the fits reflects small changes in the average values of covari-
tes across the bins.
17 Thus, looking at Column 3, for example, −0.046/0.637 ≈ −0.072.
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Table 3
Estimated effects of school exposure on body weight.

Panel I: OLS regression

(1) (2) (3) (4) (5)
ln(BMI) ln(BMI) Overwt. Obese Underwt.

In 1st grade 0.018 0.015 0.041 0.033 −0.007
(0.004) (0.004) (0.014) (0.010) (0.006)

p-Value 0.000 0.000 0.003 0.001 0.202
Observations 12,754 12,754 12,754 12,754 12,754
R-squared 0.014 0.028 0.018 0.016 0.013

Panel  II: reduced-form regression

(1) (2) (3) (4) (5)
ln(BMI) ln(BMI) Overwt. Obese Underwt.

Predicted to be in 1st grade −0.010 −0.011 −0.046 0.009 −0.001
(0.009) (0.009) (0.031) (0.023) (0.012)

p-Value  0.281 0.221 0.143 0.687 0.918
Observations 12,754 12,754 12,754 12,754 12,754
R-squared 0.013 0.027 0.018 0.015 0.013

Panel  III: first stage regression

(1) (2) (3) (4) (5)
In 1st gr. In 1st gr. In 1st gr. In 1st gr. In 1st gr.

Predicted to be in 1st grade 0.635 0.637 0.637 0.637 0.637
(0.025) (0.025) (0.025) (0.025) (0.025)

p-Value  0.000 0.000 0.000 0.000 0.000
Observations 12,754 12,754 12,754 12,754 12,754
R-squared 0.739 0.743 0.743 0.743 0.743

Panel  IV: instrumental variables regression

(1) (2) (3) (4) (5)
ln(BMI) ln(BMI) Overwt. Obese Underwt.

In 1st grade −0.016 −0.017 −0.072 0.015 −0.002
(0.014) (0.014) (0.049) (0.037) (0.018)

p-Value  0.282 0.222 0.144 0.687 0.918
Observations 12,754 12,754 12,754 12,754 12,754
R-squared 0.01 0.024 0.014 0.016 0.013
Mean  dependent var. 2.796 2.796 0.261 0.115 0.028

Notes: standard errors (in parenthesis) are adjusted for heterogeneity and within school correlation. BMI  is calculated as weight in kilograms divided by height in meters
squared. Overweight and obesity status are coded as whether a child’s BMI  is above the relevant cutoff, which varies by gender and age in months. “In 1st grade” is a dummy
variable equal to 1 if we  use the individual’s observation from the first grade interview and zero otherwise. “Predicted to be in 1st grade” is a dummy variable equal to 1 if
the  child was  born on or before the birthday cutoff for beginning kindergarten in his/her state in 1998. The instrumental variables regressions in Panel IV use “predicted to
be  in 1st grade” as an instrument for “in 1st grade”. Column 1 controls for a cubic in age in days relative to the state specific school starting age cutoff, an interaction of the
age  variables with “predicted to be in 1st grade”, and state fixed effects. Column 2 adds family income and dummy variables for race/ethnicity and sex, and the following
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from) our IV estimate of −0.017 in Column 2 of Table 3.

Table 4 repeats the same exercise as in Table 3, but with a set
of alternate outcomes. The purpose here is twofold. First, as a fal-
aternal characteristics (including dummies for whether they are missing): dumm
rst  birth, a dummy for marital status, and a dummy  for whether she was  employe
olumns 2–5.

ate suggests that an additional year of school reduces BMI  by 1.7
ercent, and this effect is significantly different from the OLS point
stimate that suggests that an additional year of school increases
MI  by 1.5 percent.18 Given the pattern of OLS versus IV estimates,

t is clear that there is a positive bias in the OLS estimates. The IV
stimates suggest that increased school exposure is not likely to
on net) increase body weight. There is also not statistically strong
vidence that it decreases body weight.

In a related paper, Von Hippel et al. (2007) estimate the monthly
ncrease in BMI  across kindergarten and first grade and find that

rowth during the summer months is 2.3–3.8 times the growth dur-
ng the school year. Using the point estimates reported in Table 1
f that paper, we can predict the implied BMI  difference for stu-

18 One <fn0075>way to benchmark the effect sizes is to compare the coefficients to
he unconditional difference in ln(BMI) between whites and blacks, which is 0.017.
he  black–white gap in overweight and obesity is 0.055 and 0.028, respectively. An
xtra year in school has an impact large enough to close the black–white gap in BMI
nd  overweight, and to reduce the gap in obesity by about half.
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r education level (dropout, high school graduate, greater than high school), age at
r to the child entering kindergarten. The right hand side variables are the same in

ents who  have been exposed to one year of school instead of two.
e assume the school year covers 9 months of the year, and that

MI  growth for a child who is not enrolled in school follows the
ummer growth trajectory over that year.19 By these calculations,
he implied difference in ln(BMI) for a 1-year difference in school
ould be −0.023. This is very close to (and not statistically different
19 In particular, Von Hippel et al. (2007) report that the average BMI at the begin-
ing of kindergarten is 16.205. During the school year children gain 0.020 (0.033)
MI  points per month during kindergarten (first grade), and during the summer
hey gain 0.076 BMI  points per month. Note that all children are expected to have
ncreasing BMI  over this age range (see Centers for Disease Control, 2000). A child

ho was  exposed to two 9-month school years and one 3-month summer is pre-
icted to have a 16.91 BMI  at the end of first grade. A child who was  instead only
xposed to one 9-month school year and the rest of the time grew at the summer
ate is predicted to have a BMI  of 17.297. The log difference between these predicted
alues is −0.023.
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Fig. 2. Estimated regression discontinuity model for probability of overweight.
Note:  each dot represents the average probability of overweight by age measured in
7-day bins. Observations to the right of the cutoff (represented by a vertical line at
x  = 0) are predicted to be in first grade. The regression lines fit a 3rd order polynomial
in  relative age in days, separately estimated on each side of the cutoff. Gridlines are
spaced at approximately one standard error for the estimated model.

Table 4
Estimated effects of school exposure on alternative outcomes.

Panel I: OLS regression

(1) (2) (3)
ln(height) ln(birth weight) Math score

In 1st grade 0.010 0.030 1.011
(0.002) (0.008) (0.028)

p-Value 0.000 0.000 0.000
Observations 12,754 11,914 12,754
R-squared 0.146 0.041 0.452

Panel II: instrumental variables regression

(1) (2) (3)
ln(height) ln(birth weight) Math score

In 1st grade 0.000 0.015 0.776
(0.005) (0.023) (0.084)

p-Value 0.940 0.517 0.000
Observations 12,754 11,914 12,754
R-squared 0.144 0.041 0.443
Mean dependent var. 3.85 4.75 0.006

Notes: standard errors (in parenthesis) are adjusted for heterogeneity and within
school correlation. Height is measured in inches. Birth weight is measured in ounces.
Math scores are standardized across grades with a mean zero and a standard devia-
tion  of one. The instrumental variables regressions in Panel II use “predicted to be in
1st  grade” as an instrument for “in 1st grade”, where “predicted to be in 1st grade”
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concentrate on the group that experienced little childcare prior to
s  a dummy  variable equal to 1 if the child was  born on or before the birthday cutoff
or beginning kindergarten in his/her state in 1998. Each specification includes the
ull  set of controls, used in Columns 2–5 of Table 3. See notes to Table 3 for details.

ification exercise, we look at two physical outcomes that should
ot be affected by an additional year of school exposure. Column 1

ooks at the natural log of height, while Column 2 looks at the nat-
ral log of birth weight.20 The positive and significant coefficients

n these columns in Panel I are just further evidence that the OLS

odels are biased due to parents basing school starting decisions

n unobservable characteristics of the child that are correlated with
hysical attributes.21 By focusing on the school starting date cut-

20 Technically, school exposure could affect height if education increases nutri-
ional quality sufficiently, but this is unlikely to be the case in the United States
hen comparing kindergarteners to first graders.

21 Obviously, parents may  actually be making decisions based on height (e.g. not
anting the child to be the smallest in class) or on birth weight (e.g. basing decisions
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ffs, though, the spurious significantly positive effect is removed.
or height, the IV point estimate is essentially zero, while for birth
eight the positive estimate is cut to half of the OLS coefficient,

nd is not statistically significantly different from zero (Panel II).
Second, Column 3 documents that the IV approach used here

nds strong impacts of school exposure on student test scores,
s the literature suggests should be the case. The purpose here
s to demonstrate that our research design is powerful enough
o detect an effect of school exposure on an outcome where it is
learly expected. The dependent variable is the score on a math
est, standardized across both grades to have mean zero and stan-
ard deviation one; the expectation is that a child with two years
f school has presumably learned more than one with just a single
ear of school and thus should score higher on the test. Comparing
he top panel with the bottom, we first again see the positive bias in
he OLS estimates. Since parents are more likely to hold back a child
ho is less prepared academically, school exposure will appear to
ave a more positive impact on academic outcomes than it actu-
lly does. While the IV estimates are less positive, they are very
recisely estimated and significantly different from both zero and
he OLS estimates.

.2. Subgroup analyses

At this point, it appears that there is no deleterious effect of
chool exposure on children’s weight outcomes. If anything, the
oint estimates imply a reduction in BMI  and in the probability of
eing overweight. However, one limitation of our analysis thus far

s that it may  be difficult to detect an effect of school exposure on
eight if, for many children, school does little to change the every-
ay environment with regard to eating and exercise. The impact of
chool exposure on weight may  therefore be related to the inten-
ity of the school treatment or to the contrast between school and
re-school activities.

To explore this, we  estimate the fully specified IV models of
able 3 for subsamples of our data that might be differentially
ffected by school exposure. Table 5 presents the results. We
rst divide the sample by whether the child was attending child-
are for more or fewer than 25 h per week in the year prior to
indergarten.22 Children who  previously spent more time in child-
are might experience less of a shock to their daily routine from
ntering school than those who  were primarily at home, and as a
esult the impact of school attendance for them might be smaller.

e find evidence in support of this hypothesis in Panel I. For chil-
ren who experienced little childcare prior to kindergarten, an
dditional year of schooling reduces BMI  by almost 4 percent (with

 marginally significant p-value of 0.099). School also appears to
educe the likelihood that these children are overweight or obese,
ut only the former is statistically significantly different from zero.
n the other hand, among students who experienced 25 or more
ours per week of childcare, the estimated coefficients are opposite
igned though statistically insignificant.

Pushing these results further, we  try to isolate the students
or whom the change from pre-school to school was  largest. We
indergarten then attended full-day kindergarten, and find some
vidence that the impact of schooling is stronger for them. As

or premature children based on age since conception). The key is that the results
n  this panel cannot represent causal estimates, and the same is true of the OLS
stimates in Table 3.
22 The 25-h cutoff is somewhat arbitrary, but is close to the median amount of
2  h per week. Note that time in childcare prior to kindergarten is not exogenous.
s  a result, differences in the effects of school exposure across subsamples could be
ffected by other differences across these groups.
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Table 5
Estimated effects of school exposure on body weight across different groups: instrumental variables.

Panel I: childcare before kindergarten

<25 h per week ≥25 h per week

(1) (2) (3) (4) (5) (6)
ln(BMI) Overwt. Obese ln(BMI) Overwt. Obese

In 1st grade −0.037 −0.141 −0.044 0.013 0.048 0.089
(0.022) (0.078) (0.057) (0.022) (0.080) (0.060)

p-Value  0.099 0.072 0.435 0.557 0.550 0.135
Observations 5720 5720 5720 5189 5189 5189
Mean  dependent var. 2.791 0.250 0.108 2.800 0.272 0.118

Panel II: difference between pre-school and school environment

<25 h per week childcare and full-day kindergarten ≥25 h per week childcare or half-day kindergarten

(1) (2) (3) (4) (5) (6)
ln(BMI) Overwt. Obese ln(BMI) Overwt. Obese

In 1st grade −0.061 −0.136 −0.063 −0.003 −0.051 0.041
(0.027) (0.095) (0.061) (0.017) (0.057) (0.044)

p-Value  0.024 0.152 0.301 0.852 0.370 0.351
Observations 2888 2888 2888 9866 9866 9866
Mean  dependent var. 2.786 0.234 0.099 2.798 0.269 0.120

Notes: standard errors (in parenthesis) are adjusted for heterogeneity and within school correlation. Each column and panel presents estimates from instrumental variables
regressions that use “predicted to be in 1st grade” as an instrument for “in 1st grade”, where “predicted to be in 1st grade” is a dummy variable equal to 1 if the child was
born  on or before the birthday cutoff for beginning kindergarten in his/her state in 1998. Panel I reports results separately by whether a child attended on average more
o s 1–3
w he sam
o tes to

s
a
w
r
o
p

t
s
a
A
s
t
r
t
C
a
d
p
n

s
t
d
s
W
l
a
l
a
n

S
p
e

5

t
t
t
s
t
2
s
e
t
s
e
s

c
t
a
s
i
c
i
t
c
t
B
a
i

r  fewer than 25 h per week of childcare in the year prior to school entry. Column
eek  of childcare prior to kindergarten and then attended full-day kindergarten. T

f  childcare prior to kindergarten or were enrolled in half-day kindergarten. See no

hown in Panel II, an additional year of schooling reduces BMI  by
 statistically significant 6 percent for this group. Impacts on over-
eight and obesity are similar, but have higher p-values.23 The

esults for students who either attended 25 or more hours per week
f childcare or a half-day kindergarten (or both) are smaller and less
recisely estimated.

The results in Table 5 are thus broadly consistent with the idea
hat going from a relatively unstructured home environment to a
tructured environment might reduce opportunities for snacking
nd/or increase a child’s amount of physical activity. As shown in
nderson et al. (2010),  cutting the equivalent of one cookie per
chool day (about 300 calories per week) out of a child’s diet over
he course of a school year can reduce BMI  by over 2 percent. Thus, a
eduction in snacking upon going to school certainly has the poten-
ial to reduce body weight. This interpretation is consistent with
utler et al. (2003),  who find that much of the recent increase in
dult BMI  can be attributed to increased snacking opportunities
uring the day. Further, school does (usually) provide recess and
hysical education. For some children, providing such an opportu-
ity for physical activity may  actually increase their daily exercise.

In auxiliary analyses, we also explored whether the impact of
chool exposure on body weight varied across observed charac-
eristics of the school environment. For example, using the same
ataset employed here, Schanzenbach (2009) finds that the con-
umption of school lunch increases obesity among young children.

hen we divide the sample into those who report eating the school
unch and those who report not eating it, the IV point estimates
re much more negative for the sample of those not eating school
unches. We  also split the sample by whether the child’s school had

dequate cafeteria, gymnasium or playground facilities, but found
o consistent pattern in the results.

23 Note that Frisvold and Lumeng (2011) find that spending a year in full-day Head
tart  versus half-day Head Start reduces the probability of obesity by 4 percentage
oints. While not significantly different from zero, we get a similar size effect of an
xtra year of schooling for this group.
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 of Panel II are limited to the sample of children who attended less than 25 h per
ple used in Columns 4–6 of Panel II includes students who attended 25 h or more

 Table 3 for description of outcome and control variables.

. Conclusions

Public health policymakers have focused on schools as an impor-
ant battleground in the fight against childhood obesity, feeling that
he current school environment may  be a contributing factor to
he increase in childhood obesity (e.g. Haskins et al., 2006). While
tudies have found that eating school lunches and being exposed
o junk food in schools may  result in weight gain (Schanzenbach,
009; Anderson and Butcher, 2006), these studies only show that
ome school environments are worse than others. They do not nec-
ssarily imply that the school environment in general is worse than
he non-school environment. In fact, other studies indicate that
ummer is worse than the school year for weight gain (Von Hippel
t al., 2007), and that spending a full day in Head Start is better than
pending just half a day (Frisvold and Lumeng, 2011).

In this paper, we use a regression-discontinuity design that to
ompare weight outcomes of similar age children with one versus
wo years of school exposure due to regulations on school starting
ge. Researchers have long recognized that the endogeneity of the
chool-starting decision biases estimates of the effect of school-
ng on academic outcomes, as parents will take into account a
hild’s academic readiness (unobserved to the researcher) in mak-
ng that decision. As is the case with academic outcomes, we find
hat school exposure is also related to unobserved determinants of
hild weight. If one does not account for this endogeneity, it appears
hat an additional year of school exposure results in a greater
MI  and a higher probability of being overweight or obese. When
ctual exposure is instrumented with predicted school exposure
n a regression-discontinuity framework, the significant positive
ffects disappear. However, while the point estimates generally
ecome negative and are significantly different from the OLS
esults, they are generally not significantly different from zero.

In order for weight outcomes to be affected by exposure to

chool, it must be that the school environment is different, in oppor-
unities to either consume or expend energy, from the alternative
nvironment. It is not clear from intuition whether, on average,
chool environments or alternative environments would lead to
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Table A1 (Continued)

Variables Mean Std. dev.

Income missing 0.033 0.179
In 1st grade 0.434 0.496
Predicted to be in 1st grade 0.5 0.5
Age in days relative to the cutoff/100 0.003 1.03
Observations 12,762

Notes: the sample includes children with weight and height data available at an
age  within a 12-month range centered on the age at the end of kindergarten of the
youngest complier with a state’s school entry cutoff. See Tables 1 and 2 and the text
for  further details.

Table A2
Estimated effects of school exposure on body weight for NLSY children: instrumental
variables.

Panel I: age 5–6 only

(1) (2) (3)
ln(BMI) Obese Overweight

Grade level 0.030 0.118 0.134
(0.043) (0.091) (0.114)

p-Value 0.482 0.196 0.237
R-squared 0.073 0.031 0.038
First-stage for grade level
Birth date “makes” cutoff 0.424 0.424 0.424

(0.063) (0.063) (0.063)
Observations 5536 5536 5536

Panel II: ages 5–10

(1) (2) (3)
ln(BMI) Obese Overweight

Grade level 0.016 0.083 0.079
(0.038) (0.071) (0.085)

p-Value 0.672 0.243 0.354
R-squared 0.179 0.046 0.064
First-stage for grade level
Birth date “makes” cutoff 0.446 0.446 0.446

(0.052) (0.052) (0.052)
Observations 15,929 15,929 15,929

Notes: standard errors (in parenthesis) are adjusted for heterogeneity and within
family correlation. “Grade level” is the grade reported, converted to expected grade
in  the fall of a given year. “Birth date ‘makes’ cutoff” means the individual was born
P.M. Anderson et al. / Journal of 

etter weight outcomes for children. Schools may  provide fewer
pportunities for expending energy than being at home in the back-
ard, but many children are not at home prior to starting school,
nd even if they are at home, they may  be inside consuming snacks
nd screen time. Our overall results suggest that, on average, the
ransition to school does not herald a large change in a child’s
pportunities to consume and expend energy. However, an addi-
ional year of school exposure significantly lowers BMI  for children
ho experienced low levels of non-parental care before starting

ull-day kindergarten. For those children who likely experience the
iggest change in the structure of their day when they enter ele-
entary school, school thus appears to improve weight outcomes.
These findings have important implications for policies aimed

t reducing childhood obesity. First, simple comparisons that show
hat more school exposure is harmful for children’s weight are
ncorrect, biased due to the fact that parents’ decisions to start chil-
ren in school are correlated with their physical stature. Second,
ur findings show that school exposure, per se, seems unlikely to
ause weight gain, and may  even be beneficial for some children.
here is nothing inherent in what schools need to do to educate
hildren – like getting them to sit still and pay attention – that
ecessarily leads them to gain weight. These results, coupled with
he research that shows that some school environments are better
han others, suggest that policies that work to improve nutrition
nd exercise in schools are potentially powerful policy levers to
mprove children’s health.
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ppendix A.

See Tables A1 and A2.

able A1
ummary statistics – ECLS-K.

Variables Mean Std. dev.

ln(BMI) 2.796 0.125
Obese 0.115 0.319
Overweight 0.261 0.439
Underweight 0.028 0.165
Math score (standardized across grades) −0.001 0.993
ln(birth weight) 4.75 0.216
ln(height) 3.85 0.048
African American 0.14 0.347
Hispanic 0.175 0.38
Other race 0.058 0.233
Female 0.487 0.5
Mother H.S. dropout 0.178 0.383
Mother H.S. graduate 0.311 0.463
Mother’s education missing 0.265 0.442
Mother’s marital status 0.550 0.498
Mother’s marital status missing 0.416 0.493
Mother’s age at first birth 19.32 10.53
Mother’s age missing 0.189 0.392
Mother employed before child entered kindergarten 0.687 0.464
Mother’s employment missing 0.076 0.264
Family income prior to kindergarten 49,861 53,534

on  or before the date by which the individual has to turn 5 in order to be eligible
to  start kindergarten in a given cohort in a given state. All columns include con-
trols for a cubic in days from the individuals’ birth days to the school starting age
cutoff for the individuals’ states of residence when they were 5 years old. Interac-
tions between these age variables and a dummy variable indicating the individual
“made the cutoff” are also included. Ten year dummies are included. Twenty-one
dummy  variables are included for each cutoff date used by states. Additional con-
trols are included for race/ethnicity, sex, mothers’ characteristics: African American,
Hispanic female, mother H.S. dropout, mother completed H.S., mother has some
college, mother graduated college (additional education is the omitted category),
mother is missing education information, mother’s Armed Forces Qualifying Test
(AFQT) score, mother’s AFQT information is missing, mother’s ln(BMI), mother’s
B
n

R

A

A

A

C

C

MI  information is missing, and mother’s age at the child’s birth. OLS estimates are
ot  significantly different from IV, but are available upon request.
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