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ABSTRACT

Early Life Health Interventions and Academic Achievement’

This paper studies the effect of improved neonatal health care on mortality and long run
academic achievement in school. We use the idea that medical treatments often follow rules
of thumb for assigning care to patients, such as the classification of Very Low Birth Weight
(VLBW), which assigns infants special care at a specific birth weight cutoff. Using detailed
administrative data on schooling and birth records from Chile and Norway, we establish that
children who receive extra medical care at birth have lower mortality rates and higher test
scores and grades in school. These gains are in the order of 0.15-0.22 standard deviations.
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1 Introduction

This paper studies the effect of improved neonatal and ehilghood health care on mor-
tality and long run academic achievement in school. Usingiaistrative data on vital
statistics and education records from Chile and Norway, weige evidence on both the
short and long run effectiveness of early life health inéetions. The question of whether
such interventions affect outcomes later in life is of imse&mmportance for policy not
only due to the significant efforts currently being made tpitiave early childhood health
world wide, but also due to large disparities in neonatal iafetht health care that remain
between (and within) countriéswhile the stated goal of many such interventions is to im-
prove childhood health and reduce mortality, understandpillovers and other long run
effects such as better academic achievement is key to estgriaeir efficacy.

Beyond the immediate policy relevance of this questionjreérang the role of early life
health interventions in explaining academic achievensealso important because it high-
lights the role of health and social policy more generalljhi@a education production func-
tion. The recent literature on educational production fioms tends to find that a large
part of the variation in educational outcomes is explainggtodents’ individual “initial
conditions” (Almond & Currie 2010, Heckman & Masterov 200 8uccessful early life
health interventions would suggest that initial condis@h students are not only a function
of family and individual choices, but also of public polisisuch as health cafeAs we
show in this paper, the fact that treatments soon after bigke a difference for schooling
outcomes later on suggests that the observed heterogemetdycational outcomes can in
part be explained by heterogeneity in health care beginairgrth. By focusing on the
role of health care policy, such as the introduction of séadided neonatal care in Chile
or the widespread use of surfactant in Norway starting inli#®@0’s, we underscore the
importance of early life health care as a way to improve testes and potentially lower
inequalities in achievement.

A growing literature in economics suggests that intenagiduring early childhood mat-
ter for later life outcomes. Papers have examined the ratbitd care (Havnes & Mogstad

IWorld Health Report (2005) documents the persistent gapsowvision of care which consequently leads
to largely avoidable deaths of over 4 million babies beforytreach the age of 28 days and half a million
mothers at childbirth. This is considerably more than thember of infant deaths caused by malaria and
AIDS together.

2For example, Hoynes, Page & Stevens (2011) find that WIC progried to better birth outcomes.
An excellent reference on this is Currie (2006) where exasflom many well known public safety net
programs and their impact on child well being is discussed.



2011), pre-school and kindergarten related intervent{btexkman et al 2010, Chetty et
al 2011) and welfare programs (Almond, Hoynes & SchanzemB84d0, Currie 2006) in
determining later life economic outcomes. While the litera on health and education has
documented the effects of several contemporaneous hegdtlvéntions and their impact
on educational outcoméshere are few studies in economics that causally link ednilge
hood health interventions to academic performance latéifeart One example is Field,
Robles & Torero (2009), who present evidence that childiem ibo mothers subjected to
an iodine supplement program while pregnant complete memesyof schooling in Tanza-
nia. A recent working paper by Chay, Guryan & Mazumder (2688jtes the narrowing of
the black-white test score gap in the US to improved healtbssfor blacks during infancy
after the Civil Rights Act. We contribute to this literatuvg providing causal evidence on
the effect of improved neonatal health care on mortality academic achievement using
administrative data from two countries.

The challenge in examining the causal effect of health vetetions is that they are gen-
erally not administered randomly. Hence, infants who rexapecial medical attention
may differ along various other dimensions that affect niytand school performance.
To get around such confounding factors, we take advantagdesf and recommendations
for administering medical care to children who are born withy Low Birth Weight status
(VLBW - birth weight less than 1500 grams). Following Almoetial. (2010), the un-
derlying assumption is that an infant born with a birth weighl1490 grams is essentially
identical to an infant born with a birth weight of 1510 grarescept for the extra medical
attention that the lower birth weight infant might receivd.these close margins, the role
of confounding factors is mitigated and inference can beexduwout at least locally via a
regression discontinuity design.

Rules and recommendations regarding VLBW births appeaetquite salient in many
countries. In guidelines published by the Ministry of Hiailh Chile, the medical rec-
ommendations for children born below 1500 grams (or below82ks of gestation) are

3A small sampling of these studies are Miguel & Kremer (20@4@akley (2007), Behrman (1996), and
Glewwe, Jacoby & King (2001). In the seminal work on educadiexternalities of health interventions by
Miguel & Kremer (2004), the intervention examined is conpamaneous with school outcomes.

4We differentiate ourselves from the literature examinihg tole of early childhood shocks (in utero
or otherwise, see for example Maccini & Yang (2009)) becawuisige we might know that endowments or
shocks matter for later life outcomes, this does not impht theatments can remedy those assaults. Our
paper is concerned with understanding whether treatmeatternior long run outcomes. Several papers that
document the importance of early childhood health and ldteoutcomes are Black, Devereux & Salvanes
(2007), Currie (2011) and Conti, Heckman & Urzua (2010).



explicitly stated and eligibility for several publicly fded treatments are determined by
birth weight and gestational age. In Norway, a survey of 1¢heflargest neonatal units
revealed such cutoffs to be one of the main criteria for agsggcare (Skranes, Skranes &
Skranes 2000). We focus in particular on the birth weighovifwthich is measured at the
gram interval in both Chile and Norway and compare childrest pynder and over 1500
grams to examine differences in outcomes as a result of mdtacal treatments.

Results from both countries strongly support the idea thatlien below the 1500 gram
cutoff receive extra medical attention and that this resultsignificantly lower mortality
and better performance in school. In Chile, children bost lpelow the cutoff have around
4.4 percentage point lower infant mortality (death withigelar of birth). While slightly
smaller in magnitude, we find statistically significant efeeon mortality in Norway as
well. Following surviving children through school from firt® eighth grade in Chile, we
find that those born just below the cutoff perform 0.15 statidieviations (SD) better in
math than children born just above the cutoff. In Norway we finslightly larger effect
of 0.22 SD using national exams taken in 10th grada.both countries, we are able to
examine a specific policy initiative of administering saetént therapy to newborns. Using
the timing of the policy together with the regression didounty framework described
above, we find suggestive evidence that the introductiohisftteatment augmented the
effect of being just below the cutoff, lowering mortalitydnaising academic outcomes
even more.

Our results are robust to standard regression disconfioigcks and additional checks rel-
evant to the cases with potential non-random heaping ainedund integer valugs\We
also have a unique internal check to ensure that our reseltsa driven by non random
heaping at or around 1500 grams. As mentioned earlier, the amd recommendations in
Chile (and to a large extent in Norway as well) explicitly rtien a 32 week gestational
rule: all children (regardless of birth weight) below 32 we®f gestation are eligible for
treatments. If heaping or rounding associated with socioeic characteristics were an
important driver of the results, we would expect to find tluide true for the sample be-
low 32 weeks in age as well as above. However we find that bielight cutoffs play no

5The sample of children observed in school is a selected saofighildren who survive. In section 5.3.1
we address the extent to which this results in bias for ourlt®®n educational achievement. Our results
suggest that survival bias does not play an important rale.he

5This is particularly a problem when birth weight is meastiregrams as well as ounces (Umbach 2000,
Barreca et al. 2011). However, in both Chile and Norwayhbiveight is always measured in grams which
helps mitigate some of the problems identified in this litera. We explore these issues in detail in Section
5 and in Online Appendices.



role in determining mortality or test scores for childrenomliere born with less than 32
weeks of gestation. We do not use gestational age itselfegr@ssion discontinuity frame-
work as this could be a choice variable, driven by doctor @pital characteristics/quality.
Conditional on gestational age, however, birth weight sthaot be manipulable.

2 VLBW births in Chile and Norway

Health care in Chile is primarily funded by the public systetrnich consists of 29 regions,
each which has at least one hospital equipped for provigiegialized care to VLBW in-
fants (and other infants who need advanced care) in a Ndoniziasive Care Unit (NICU).
In 1991 a national committee of Chilean neonatologists s#bum standards for care and
equipment at all NICUs in the country. Gonzalez et al. (2Q8x@ht out that, “A protocol
has been implemented at the national level to regulate tagaéof neonates who are born
in hospitals without a NICU to the regional hospitals. Thalso arestandardized proto-
cols for the treatment of newborns who weigh less than 13@@gfor cases of respiratory
distress syndrome” (emphasis added). Between 1992 and 20@0of births occur under
skilled care (doctor or midwife), approximately 68% of hstoccur in hospitals with a
NICU, and the number of NICUs in the country did not chahge.

Publications by the Ministry of Health in Chile list the nuroas medical recommendations
to be administered to children who are born with a weight s$ ldhan 1500 grams and/or
less than 32 weeks in gestational &g@ne of the most well known programs introduced for
VLBW births in Chile was the national surfactant programevhibegan in 1998. Under this
program artificial lung surfactant is used to treat respmatlistress syndrome in VLBW
infants. Many public health articles on Chile’s infant angbnatal mortality credit this
program with reducing mortality rates among VLBW infant<ihile (e.g., Gonzalez et al.
(2006) and Jimenez & Romero (2007)%everal public neonatal health care programs that
were introduced later went even further and not only reconted treatments for births
under the cutoff but made VLBW status an explicit requirehienprogram eligibility. For
example,PNAC prematuras a program introduced in 2003 which provides specialized
nutritional supplements and has its eligibility deterndirexclusively by the cutoff birth

"For a review of neonatal care in Chile, its implementatiorirduthe 1990s in Chile and evaluation in
the public health literature see Gonzalez et al. (2006) ahaihfino, Morgues & Martinez (2005).

8A website maintained by the Committee of Neonatologistshiledprovides extensive information and
recommendations for the care of premature births (www.ptaros.cl).

9A manual with recommendations on how to treat and monitomptare births was published in 1999
with the title including the 15009 cutoff and 32week gestadil period again signaling the importance of the
cutoff. This is available in PDF form from the authors.
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weight and gestational age. A larger public health caremsipa introduced in 2005 called
AUGE, provided additional neonatal examinations and treatsn@gttermined again by the
same cutoffs mentioned abotfe.

In Norway, prematurity is defined as births of birth weighkdve 2500 grams or less than
37 weeks of gestational age. This category is again dividexsubgroups which follow
the WHO recommendations of very low birth weight (VLBW) oftethan 1500 grams
or less than 32 weeks of gestational age and extremely IaWw Wweight (ELBW) of less
than 1000 grams or less than 28 weeks of gestational age @stack & Halvorsen 2007).
Bratlid & Nordermoen (2010) provide a 40 year overview of theatment for VLBW
children in Norway and give evidence that the VLBW cutoff wagortant from the 1980s
and onwards.

The specific recommendations regarding VLBW births begepjoear in documents in the
1980s, several of which specifically state the cutoffs noereil above (Meberg 1988, Finne
et al. 1988) 1! Several recent studies provide direct evidence on theipesdh Norwegian
neonatal wards. Bratlid & Nordermoen (2010) report thaydd percent of children born
below 32 weeks of gestational age in 1970 received respyrateatment and only half of
them survived; however by the 1980s these treatments hamrtgemore commonplace.
At the end of the 1980s 75 percent of children born below 32kweé gestational age or
below 1500 grams received respiratory treatment and begymm 1989, surfactant became
common practice in the care of VLBW children in all hospital®lorway (Saugstad 2010).
Skranes, Skranes & Skranes (2000) surveyed all the mairatedarards in Norway andll
hospitals that responded to the survey listed less than g&0@s as their main indicator
for having children in extra treatment and follow-up prage While other factors also
determine care, VLBW is the only one common across all nebvedrds. Similar to
Chile and the US, there are numerous medical publicaticatsétommend treatments for
children less that 1500 grams and/or less than 32 weeksgétiiberg et al 1998).

These policies and recommendations show a general trenaahnwhe medical community
in Chile and Norway give special importance to the birthotbethe weight of 1500g. In

0These include i) screening for Retinopathy of PrematuR®RP), which helps avoid blindness, i) screen-
ing and followup treatment for Sensorineural Hearing L&4L(), and iii) treatment for Bronchopulmonary
Dysplasia (BPD) which is a chronic lung disease common in MLBirths.

1For example Haugen & Markestad (1997) specifically statef& neonatal intensive care unit, Hauke-
land Hospital, University of Bergen, all infants born in {heriod 1/1/89-31/12/93 with birth weight less than
15009 or gestational age less than 32 weeks were examin&Didiif they still remained in the hospital 4 -
5 weeks after birth.”



sum, it appears that the “rules of thumb”, as mentioned indkichet al (2010), are very
much present in the Chilean and Norwegian context. In Se&jaising hospital level data
from both countries, we directly provide evidence for disthauity in treatments around
1500 grams for children greater than 32 weeks of gestatagel

3 Economic and Empirical Framework

We model birth weighB1V; of an individuali as a noisy signal of initial health at birft;,
which is unobserved to the econometricidn,. represent the collection of hospital inputs
that newborns receive at hospitals. These treatments swenasl to depend on a decreas-
ing function of health at birthg(H;), and a random component However, due to the
behavior of midwives, doctors and clinics regarding thedseaf very low weight births,
there is a discontinuous break in treatments provided aird pathe birth weight distribu-
tion c. Given the evidence presented in the previous section, wéhoak of the amount of
treatment as shifted upwards by some discrete amobetow the cutoft.

BW,;, =H; + e, Birth weight and initial health (1)
D; =g(H;) + k- 1[BW; < ¢| + v Additional initial medical care (2)

In this framework, treatment®; will be correlated with the unobserved health compo-
nent not captured by birth weight througl#;), thus confounding direct inference that
conditions on birth weight. A regression discontinuitymfrawork helps identify the role
of medical treatments at the cuteff We adopt this approach following Lee & Lemieux
(201() and estimate variants of the following equation for diier outcome variables
Yi-

yi = f(BW; —¢)+a-1[BW, <]+ X, +¢; (3)

wheref(-) is a polynomial in the distance from the cutoff (we allow fdffefent slopes on

either side of the cutoff)X; is a vector of covariates, and is an error term. Threshold
crossing will induce a discrete jump in treatménb; = x which will be uncorrelated with

other determinants of outcome

While a regression discontinuity framework generatesaandation of preconditions across
the treatment threshold behavior of post-hospital investments can potentiallyribie-
enced by treatment. Thus the interpretation of the estiunatefficients should consider
the possible role of parental or other non-hospital inplaés may react to treatment, and



which can amplify or reduce the effect of medical intervens on measured long run out-
comes. For example, academic achievement has a long hpatrmning for post-hospital
investments to respond to initial treatmdntover time. To make this idea more precise,
let I7°*'(H, D, ¢) represent all accumulated investments up to perj@hd be a function
of initial health, treatment at birth, and a vector of all seguent shocks to health or ed-
ucational ability¢. Let academic achievement be determined by initial comatitiand the
accumulated effects of all subsequent inputs as in Todd &Wd¢R007):

Ay =0 H; + 0 D; + o, 1P (H;, D;, ;) + X + € Academic Achievement at (4)

whereA;,; is the academic outcome for childt timet. A regression discontinuity approach
will help solve the problem of non random assignmenbgtt least locally. However, this
framework also makes explicit that post-hospital investte@nay react to treatments and
that the estimated coefficientfrom the regression discontinuity Equation 3will reflect
the combination of the effect of initial treatment and thief@rcing or countervailing effect
of later investments. Specifically, we can write the follogZexpression for the coefficient
of interest from the regression discontinuity estimatiamf Equation 3

a=1U K+ - AIfOSt(C)

wherey, -k is the structural effect of additional treatments at birttacademic achievement
int andA " (c) is the difference in average post hospital investmentsiarilwill receive
as a consequence of obtaining additional treatment at thé clihe estimated coefficieat
should thus be interpreted as the total policy relevantetitthe increased medical care at
this margin, which may include any possible reaction by pusstments. In our empirical
analysis we attempt to gauge how important post investnmeaysbe. We observe different
sources of parental investments: time use surveys, qulithild care and school, timing
of the mother’s return to the labor force etc., and study Hueé vary across the cutoff to
search for evidence of differential post investments.

An additional point to be made is that if treatment is effeetin lowering mortality, the

composition of children who survive to school age will alsodifected. We deal with the
composition bias in two ways. First, we assign counterfactaores to children who died
above the cutoff and examine the percentiles at which thieidgren would have to score
to nullify our results. The idea is to test how well childrehawdied above the cutoff would
have had to perform to smooth out our discontinuity in testeg. Second, we compute



Lee (2008) bounds that specifically account for this typettitn. These results are
presented in section 5.

We estimatd=quation 3using triangular weighted OLS within a window around theoffit
and report the coefficients with robust standard errordetad at the gram level (Card &
Lee 2008). Since the cutoffs are only valid for births gredib@an or equal to 32 weeks
in gestational age, we estiméiguation 3separately for births below and above the ges-
tational age cutoff. For births below 32 weeks in gestafi@uge, we expect to see no
discontinuity in outcome& We examine mortality using a similar specification.

We primarily use a window of 1400-1600 grams in Chile and adeimm of 1300-1700
grams in Norway for this study. In section 5, we explore thesgevity of our results to a
wide range of windows and polynomials on either side of 15@0rs. To keep the set of
covariates consistent across countries, we control foemat characteristics (education,
age and marital status), type of birth service (doctor onwifig), birth region (in the case
of Norway we use county), sex and year of birth. We controhieaping at the 1500 gram
point as suggested by Barecca et al (2011) in both regressarahgraphical analysis. While
these controls form the basis of our preferred specificatiosection 5 we explore a variety
of issues, some common to RD designs and some specific to oiextof examining birth
weight as a running variable.

4 Data

4.1 Chile

The data we use from Chile comes from matching the populatidrirths between 1992-
2007 to death certificate data for the same years and te& andrtranscript records be-
tween 2002-2010. As most children in the later years of tha dee too young to be
observed in school, we use births between 1992-2002 for aur sample and concentrate
on academic achievement between 1st and 8th grade. Therdbtehs and deaths come
from administrative records provided by the Health Minisif the Government of Chile
(MINSAL). The data with valid identification accounts for%@9Qof all births and deaths in

12A general concern with the approach of dividing the sample less than and greater than 32 weeks
of gestational age is that the problems faced by VLBW childoé greater gestational age (for example,
these children might be Small for Gestational Age) could iffergnt from that faced by children of lesser
gestational age. In order to directly examine children@ldsgether in gestational age, Online Appendix B
Table 11 reproduces some of the main results using gesadtige of 30, 31, 33 and 34 weeks. The results
are very similar using this restricted sample.



published aggregate figures (Online Appendix B Table 1)s @iataset provides data on the
sex, birth weight, birth length, weeks of gestation and ssh\ademographic characteristics
of the parents such as the age, education and occupatiana.stn addition, the dataset
provides a variable describing the type of birth, be it a l&rmrth, double (twins), triple
(triplets), etc. Focusing on births of weight within theenednt window of 1400 grams to
1600 grams, we see that mothers in this part of the birth welgdtribution are surpris-
ingly similar to the average mother. They have similar etloodevels, age, and are only
slightly less likely to be married at the time of birth. Hovee\1 7% of births in this range
are multiple, which is much higher than the population ageraf 1.8%. Births in this low
birth weight window are also more likely to be attended by atdn(54.9%) instead of a
midwife (44.3%), (Online Appendix B Table 2).

We observe 4.02 million births between 1992 and 2007, outro¢a0.9% (approximately
35,000 births) are observed to be below 1500 grams in birighwend are considered
VLBW. Within the bandwidths we examine in this paper (betw&d00 and 1600 grams)
we observe 12,247 births. Among these, 6782 births are fanis who are equal to or
above 32 weeks of gestation. Dropping observations thah&&ing important covariates
such as mother’s education and marital status, and rasgrittte sample of births to those
with mothers in the age range of 15-43 years leaves us witmalsaf 6,109 births? Our
estimating equations use triangular weights which giveeting points of 1400 grams and
1600 grams a weight of 0, so that our final estimating sampiagos 5,129 observations
for the mortality sample.

The data on academic achievement comes from two sourcesfir§theata set on school
achievement comes from administrative transcript dataHerpopulation of students in
school between 2002 and 2010. This data was made availaltheebyinistry of Educa-
tion of Chile (MINEDUC) and covers all students in the coynffhe detailed transcripts
include grades by subject for each student in a given yeacdfstruct language and math
averages and standardize grades for each student at the-stdssroom level and average
across first and eighth gra#e.95% of all births between 1992-2002 are matched to this
measure of their academic success. Using similar restngtas above (and not counting
the end points of 1400 and 1600 grams), we are left with a sawif2,877 births above
the gestational age of 32 weeks for regressions involvirgl@amic performance. Online

130ur results are unchanged if we include some of these miséisgrvations by adding a dummy variable
to denote missing status (for example mother’'s maritalisjat

YAlternative measures of academic achievement we studyarage GPA, different ways of standardiz-
ing grades and averaging over different grade levels.



Appendix B Table 3 presents the outcome of the merge betwigéginstats and different
educational records taking into account the births thaehast survived until schooling
age. This measure of academic achievement is useful bo#ubedt gives the maximum
possible number of observations, and because it also m®wdneasure of performance
that is calculated over the entire school year and acrossaeyrades.

The second source of data is a national test administerdb4tharade students in Chile
called the SIMCE. We observe test scores for 4th graders@2 aad yearly from 2005 to
2010 and standardize the scores by cohort. In cohorts thalv@ve been in 4th grade
(based on age), the match rate between vital statistics tngrdde SIMCE is approxi-
mately 90% for the full distribution but 80% for births in tendow of birth weight stud-
ied. Online Appendix tables show the details of this merge. Fd/hile providing rich data
on student characteristics, the amount of observatiors 8IiiVICE scores in the VLBW
range is limited both because it was administered in yeatsctbver about half the births
between 1992-2002 and because of overall lower match ragegodmissing or corrupted
IDs in the SIMCE data. An important consideration here ig tha match rates for both,
the administrative data on grades and SIMCE test data shaigndicant discontinuity at
the cutoff of 1500 grams.

4.2 Norway

For Norway, the primary data source is the birth records liddarwegian births over the
period 1967 to 1993. We obtained this data from the MedicehBRegistry of Norway.
The birth records contain information on year and month ahbbirth weight, gestational
length, age of mother, and a range of variables describifagnirnealth at birth including
APGAR scores? malformations at birth, transfer to a neonatal intensive amit and
infant mortality. We are also able to identify twin birthssidg unique personal identifiers,
we match these birth files to the Norwegian Registry Datapletl administrative dataset
that covers the entire population of Norwegians aged 163te 1986-2008 period, and
is a collection of different administrative records suchireseducation register, the family
register, and the tax and earnings register. These datasanéained by Statistics Norway
and provide information about educational attainmenpiabarket status, earnings, and a
set of demographic variables (age, gender) as well as iafitomon families.

SAPGAR scores are a composite index of a child’s health ahlzirtd take into account Activity (and
muscle tone), Pulse (heart rate), Grimace (reflex irritighpilAppearance (skin coloration), and Respiration
(breathing rate and effort). Each component is worth up toiitp for a maximum of 10.
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We can link data on grades from 10th grade to children in thté bles using unique iden-

tifiers. These records are provided directly from the schtmStatistics Norway. Written

and oral exams are administered in the final year of junidn Bighool at the national level
and are externally graded. The written exam could be in eitieh, Norwegian, or En-

glish, with exam subject is randomized at the school levéle $tudents are informed of
which exams they will take three days before the exam date of&l exam is a admin-

istered in a quasi-randomly selected subject and is alstedraxternally. As 10th grade
is the last of the compulsory years of schooling, the gradaionéd on this national test is
important when applying for admission to selective highosdb. The grades on this test
range from 1-6, in discrete integers. We standardize ttie tdshe yearly national level.

This data is available for cohorts born between 1986-1993.

Mothers who give birth in this part of the birth weight disuition are quite similar to the
average mother in the overall population of births, altHotlgey are slightly less likely to
go to college and be married. Births in this range are muchertikely to be multiple.
Between 1300g-1700g, 25% of births were twins or tripletsiciv is much higher that the
population average of 2.4%. See Online Appendix B Table Zrfore characteristics of
VLBW births in this sample.

We observe 460,507 births between 1986 and 1993, out of wh&% (3,741 births) are
observed to be below 1500 grams in birth weight and are ceressidvVLBW. Within the
birth weight window we examine for Norway (between 1300 ar@dlgrams) we observe
2,477 births. We use a different window in Norway to incresaple size and to get more
stable estimates for the academic achievement resultsuglh our results are statistically
significant even for smaller windows. We explain this windciwoice more in the results
section. Among these 2,477 births about 1,498 births aréenfants who are above 32
weeks of gestation (inclusive). More than 72 percent of athb born between 1986-
1993 are matched to their educational records. We loose sbservations due to deaths
(natal, infant and later deaths) and some to missing infooman grades (this could be
due to illness, strikes during the exam period, or otheramesgor not taking the exams).
Descriptive statistics for the sample is available in Oakppendix B. As in Chile, we find
no discontinuity in match rates around 1500 grams.
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5 Results

5.1 Treatments

The rules and recommendations for medical treatment of anen@ births in Chile and
Norway highlight the importance of providing special caselirths below 1500 grams or
less than 32 weeks of gestation. Confirming the discongirafitreatments quantitatively
is difficult given the lack of micro data on hospital inputsowkver data on NICU usage
from Norway and hospitalization records from public hoalgitfor a subset of approxi-
mately 30% of births from 2001-2007 in Chile, provide eviderhat is consistent with
differential health treatments across the relevant tlolelshwe also see that as expected
from description of the discontinuity in section 2, the @nde suggests a break in treat-
ment at 1500 grams for births of 32 weeks of gestation andegtimt none for births of 31
weeks and below. This also provides evidence that thisishiibt due to issues associated
with non random heaping.

Since all graphs in the paper largely follow the same formé&t,useful to understand how
these graphs are constructed. We drop observations at 1&@0ppint from the data while
constructing graphs to be consistent with our regressisultethat control for the heap
at this point (as we show later, our regressions are robustaping this point from the
analysis). The dark lines are a linear fit using triangulailgits on either side using the
micro data (these triangular weights result in a weight 06 @hie 1400 and 1600 gram
point, which is consistent with our regressions) using naarates. The dots represent
averages of 30 gram bins (approximately 1 ounce) centerg@ gtam intervals. Graphs
with different window and bin widths are presented in theimAppendix B.
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Figure 1: Treatments around 1500 grams
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Note: Top panel of this figure shows the relationship betwaieth weight and median days spent in
public hospitals counting all hospitalizations that bedining the first month of life in Chile. The bottom
panel shows the relationship between birth weight and verethnot the child was admitted to a Neonatal
Intensive Care Unit in Norway. Data from Chile covers cohtrn 2001-2006, Norway data covers cohorts
1980-1993.

General graphing notes: We drop observations at 1500 grarindin the data while constructing graphs to
be consistent with our regression results that controlterteap at this point. The dark lines are a linear
fit using triangular weights on either side using the micrtaddhe dots represent averages of 30 gram bins
(approximately 1 ounce) centered at 10 gram intervals. i@&rapth different window and bin widths are
presented in Online Appendix B.
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Figure 1shows the relationship between birth weight and days ofitedsgation that begin
within the first month of life in Chile and NICU usage in Norway

Table 1 provides the regression analog of these graphsdr€hijust below 1500 grams
in Norway are about 14 percentage points (43%) more likelgg@dmitted to a NICU,
and children in Chile just below the cutoff are spend arourtthyls more in the hospital
(over a mean of 28 days$). The NICU data from Norway, and hospitalization data from
Chile are consistent with the idea that a broad set of medigaits have been applied
differentially across the birth weight cutoff of 1500 graffies births that are at least 32
weeks of gestational length.

5.2 Mortality

Mortality is a relatively short run outcome which additibngdical treatment would affect
differentially across the relevant thresholéigure 2shows infant mortality, defined as
death before the first year of life, in both Chile and Norwayonaring the different
panels inFigure 2it is clear that most of the impact of being just below the &utb1500
grams is for children who were above 32 weeks of gestatiagal a

Table 2 estimateBquation 3and shows the results for infant mortality by gestation&.ag
We find, as expected, that the 1500 gram cutoff does not selewant for children less
than 32 weeks in gestational age in either country. ColummdiZates that children below
1500 grams are 4.4 percentage points less likely to die mvehiear compared to children
just above 1500 grams in Chile (average infant mortalitytfos birth weight range is
10.9%). Given the low average mortality within this birthiglet range, this is a fairly
large effectt’

In Norway, children below 1500 grams are 3.1 percentagetptess likely to die within

a year if they are born at or greater than 32 weeks in gestdtage. This is a substan-
tial effect given the already low average infant mortaldyerfor this group of around 4%.
We consider these results in line with children receivingaxreatments below the cut-

®Hospital days is analyzed using a quantile regression an#tban. The reason for this is that the number
of observations are small and there are significant outhtish influence the results when using means. We
experimented with other specifications which are preseint¢ide Online Appendix B Table 4 and find the
results are largely consistent. Public hospitals weretified using the name of the institution which was
available for 77% of births in the sample after 2001.

n the Online Appendix, we show that the mortality effect ihil€an hospitals is most prominent in
public hospitals where one expect stricter adherence togdes of thumb. In addition, the effect around the
cutoff is greater in hospitals that have a NICU.
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Figure 2: Infant Mortality
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Note: This figure shows the relationship between birth wiedgial infant mortality in Chile and Norway.
Cohorts born between 1992-2007 in Chile, and 1980-1993 vy are used for this graph. General notes
from Figure 1 apply.
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5.3 Academic Achievement

Whether medical interventions have a lasting impact on lucagital can be analyzed by
examining the relationship between academic achievenagett in life and birth weight
around the cutoff.Figure 3presents a visual representation where it is clear thag tiser
an effect, and that most of the impact of being below the €usdir children born with
greater than 32 weeks of gestation in Chile and Norifay.

18Note that while there might appear to be a cutoff for Chileléss than 32 weeks, note that it goes in the
oppositedirection and also it is statistically insignificant.
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Figure 3: School Performance
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Note: This figure shows the relationship between birth weesgid standardized math grades, averaged
over grades 1-8 in Chile and nationally standardized tesesdqtests are either in math or language) adminis-
tered in 10th grade in Norway. Chilean data consists of ashmrn 1992-2002 and Norwegian data consists
of cohorts born 1986-1993. General notes from Figure 1.

Table 3 estimateEquation 3using school performance as the dependent variable. As be-
fore, these estimates are simply regression analoggyafe 3 In Chile, we find consistent
results when looking at different measures of academieaehient such as transcript level
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grades in math and language, overall GPA, and scores frortianabexam (SIMCE) ad-
ministered in 4th grad®. Table 3 shows that children below 1500 grams perform around
0.15 SD better in math classes compared to students jused&®0 grams. Online Ap-
pendix A Table 1 shows an analogous result for language. Mpadt of being below the
cutoff on average GPA from 1st to 8th grade is also positivcesagnificant. As discussed
in Section 4, the SIMCE is a national test administered tattdlgraders in Chile on a
subsample of years. Table 3 shows that children born justbtile cutoff on average ob-
tain scores that are 0.13 SD higher, although this is onlyiiognt at the 15% level. Note
that estimates using the SIMCE have fewer observations swembserve this test only for
children in 4th grade and for less cohorts since the test diagrastered every year starting
in 2005 (we have data until 2010). The general pattern ofdkelts from the SIMCE, even
though they are not statistically significant, appear csiest with our overall results.

The Norwegian results use the 10th grade national exam astened yearly starting in

1986. We use the standardized average of the written angantabn of the national exam.

Cohort sizes being much smaller in Norway (compared to §hllable 3 shows that the
results are sensitive to choice of window length around 1gi@@ns. Using the same 100
gram window as in Chile results in significant but rather ¢éaegtimates of the impact of
being below 1500 grams. From Online Appendix A Table 7 it saclthat the size of

this coefficient falls by half when we use a window of 120 gramseither side of 1500

grams. The size of the coefficient however remains stabde tfat. We thus prefer using
a 200 gram window on either side of 1500 grams in Norway. Not does the magnitude

appear more in line with what we find in Chile, but we obtain enprecision since a larger
window provides more observations. Our preferred estigtfaten Norway suggest a 0.22
SD increase in scores for children born below the cutoff. &ofithe results for less than 32
weeks appear sizable, although they are usually insignifiexcept in the case of SIMCE)
and in the opposite direction.

190nline Appendix A Table 1 provides other measures of schedbpmance that restrict transcript data
to grades 1-4 or standardize at the national level instedldeotlassroom level. The results are found to be
very similar. Another point to note is that given the natufréhe transcript data in Chile, some observations
have more math grades available than other observatiopsndag on how long we observe them in school.
We have tried specifications where we put more weight on thaesits with more observations and this does
not change the basic import of the results. In particulailenhe effect size decreases to around 0.101 SD,
the effect remains statistically significant at the 5% level
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5.3.1 Bias due to selection into survival

The results on differential mortality around the 1500 grartoff suggest that there is se-
lection into being observed in school which will introdugasas survivors are likely to get
different scores than those who do not survive. In generdhink that the bias would lead
to an underestimate of the true effect. This is because tlagege children survive below
the cutoff, and these very children might get the worst gsadeong their birth weight co-
hort. On the other hand, the weakest children above thefandfup dying, hence, raising
the average test scores for those birth weight groups.

In Table 4 we offer some counterfactual scenarios where wmee the extent of this bias.
We consider pessimistic scenarios and start by assignimgumwiving children above 1500
grams the median score of their birth weight group. In botlntees we use birth weight
grouped at the 10 gram level to assign these counterfactass We subsequently assign
the non survivors better and better scores, ranging fronbltle percentile to the 80th
percentile within their nearest 10 gram birth weight bin.dénthe counterfactual scenario
of the non survivors scoring at the 75th percentile (or higb&their birth weight bin class
in Chile, we no longer find evidence for a discontinuity. le thorwegian case, there does
not appear to be no such point beyond which we would not findeoditinuity in scores.
Hence, the selection into mortality above the 1500 gram rhasikto consist of some of the
smartest children in their birth weight bin class for oumulésto disappear.

More formally, we can adapt the procedure outlined in Le®8@o create bounds for our
treatment effects. The main idea behind the bounding proeed to identify the extra
people who are treated into survival below 1500 grams anthiing the upper and lower
tails of the test score distribution by this number. For d¢seess, we only discuss the
Chilean case here. The results for both countries is predémtOnline Appendix A Table
2. Since this is not a standard treatment-control desigeraxent, the average test scores
for children in 1400-1500 gram range is not higher than therage score for children
in the 1500-1600 gram range. To execute the Lee (2008) puoegde choose a smaller
window where the average scores for treated children areshitpan the average scores for
untreated children. This occurs in a 50 gram window arouridd1tdeed Figure 3 would
indicate that this is the case. As listed in Online AppendiXable 2, within this 50 gram
window the mean treatment effect, without adding any cates, is 0.09 SD. Accounting
for differential mortality within this window (treated ddren are 1.4% more likely to be
alive), the upper and lower bounds for the test score effex0a2069 and 0.11 SD. The
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upper and lower bounds in Norway are 0.15 and 0.21 respéctive
5.3.2 Introduction of surfactant

One specific treatment we explore further is that of surfaaiae. Surfactant is a soap like
material produced in the lungs and is essential for propeg function. Infants who have
not produced enough surfactant on their own cannot fulljzettheir lungs for breathing.
Hence, surfactant therapy is considered a breakthrougteirepting deaths due to Respi-
ratory Distress Syndrome (RDS) and Bronchopulmonary asal(Schwartz et al 1994).
Moreover, the medical literature cites Bronchopulmonaggasia and early childhood
lung diseases to be significantly correlated with cognituécomes (Singer et al 1997,
D’Angio et al 2002, Marlow et al 2005). One of the pathways hyich preterm birth
might affect cognitive outcomes appear to be related to #weldpment of the lung and
the delivery of oxygen to the brain. Hypoxia (reduction irnyg&n supply to tissues) or
ischemia (a severe low oxygen state) in the perinatal pesiode of the leading causes of
brain injury in preterm infants (Luciana 2003).

As mentioned earlier, Norway in 1989 and Chile in 1998 introetl universal surfactant
therapy to be administered to VLBW infants (Gonzalez et &i&2®augstad et al 2006).
We explore the timing of the introduction of surfactant toyide suggestive evidence of
the long term impacts of surfactant treatment on schoolamés. We estimate equatién
in the time periods before and after the introduction ofattdnt to show that most of the
effect on test scores we see come from the period when samtagas used.

Table 5 shows that after the introduction of surfactant,dhiff of 1500 begins to play
an even more important role in determining school outcomesChile, the impact of
being below the cutoff after 1998 is 0.19 SD (just shy of digance at the 10% level),
and in Norway it is 0.34 SD. In the case of Chile, we find sulisghreductions in infant
and neonatal mortality around the cutoff after the intrditurcof the surfactant progra.
We view these results as suggestive evidence that the utdtioth of surfactant played an
important role in improving the different outcomes we meast

20\We restrict the post period for surfactant to 2003 in Chilege after 2003 other programs like PNAC
and AUGE started which also affected births at precisely¢htoff. In Norway (results not presented) we do
not find large impacts on mortality. This is likely dude to faet that 1980-1989 were the most dramatic in
terms of the decline in infant and neonatal mortality in tbamry. Infant mortality before 1989 was around
10%, but after 1989 is around 2%. We are unable to detect eréliffial impact around 1500 grams in the
post surfactant period perhaps due to the low levels of tnfaortality.

2170 the best of our knowledge, no major policies were imple@garound these time periods. In Chile
specialized nutritional programs were introduced only @2 (PNAC). However, in 1999 the Ministry of
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5.3.3 Parental Responses

As emphasized earlier, interpreting long run impacts ofyddie events is complicated by
the fact that parents might respond to these shocks. Werexipkhere is any evidence of
differential parental investment decisions around theftats a way to gauge how impor-
tant this mechanism may be in determining the results we foawrel.

The first dimension of parental responses that we examindiie @xd Norway is that of
school choice. Within the framework described so far, warara whether school quality
varies across the cutoff. We use the average of the natiteradlardized math scores by
school to examine whether students below the cutoff attehdds of different quality on
average. In Table 6 we find that this is not the case. Hencgpéaxs that at least on school
choice, parents do not invest differentially around theffut

We also explore different avenues of parental investmenesxamining data on parental
time use. In Chile, when the SIMCE is administered, a detalevey is handed out to par-
ents and students. The content of these surveys vary frontygeaar, but in several years
the surveys contained a set of detailed time investmenttignssto the parents. Hence,
for a sample of fourth graders, we have detailed informatiortime spent by parents in
activities such as reading to their childrén.

In Norway, while we lack direct measures of parental timegiments in their children, we
can proxy for parental time by examining when the motherrettio the labor force after
giving birth. In addition we can examine whether the childsvearolled in formal child
care by age 5. Formal care includes public and private claitd centers, while informal
care typically involves nannies hired by parents, graneipigrand the like (for more on
Norway'’s child care system see Black et al (2011)). If paehVLBW children stay home
more or provide different types of child care then we mighteot to see discontinuities
along these parental investment measures around 1500 .grafAss Table 6 shows, we
find no evidence of differential parental responses aro&@ jrams along any of these
measures.

Health published and distributed a handbook for traininggpams on the following and caring of VLBW
births. This might have also emphasized cutoffs and geae it alternative reason for mortality to improve
more under the cutoff after 1998. We are not aware of any ctingpmedical programs for VLBW infants
in Norway around 1989.

22Generally the questions from year to year do not have mucHagpyexcept for the questions regarding
reading investments. Hence, we choose to show resultsifotythe of investment so as to maximize the
number of observations over two cohorts. These data areorottime use diaries. Responses to the questions
on investments typically range from 1-4 where 1 is no "Newati 4 is "Very often”.
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Figure 4: Parental Responses
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Note: Data on average math school scores in Chile come fremaging 4th grade SIMCE scores from
tests administered in 2002, 2005-2010. In Norway, the @esszhool score is constructed by averaging
school scores for test years 2002-2009. Reading investvaeiable is obtained from parental survey com-
ponent of Chile’s SIMCE questionnaire, and responses rioge1-4, with 1 being "very often”. Reading
related questions were asked in 2002 and 2007. Data on dcniddic Norway is available for 1980-1993.
General notes from Figure 1 apply and the sample consistslpbirth of 32 weeks of gestation or more.
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5.4 Discussion

The results presented above indicate that health invessnreearly childhood matter for
infant survival and educational achievement later in lEidence on both the short and
long run effectiveness of early life health interventios€iucial for estimating their effi-
cacy and orienting public policy. These results suppoeméevidence that early childhood
is a critical period for determining adult outcomes and hgitt the role of health policy
in promoting better educational outcomes later in 4ffeFrom a policy perspective, our
findings would suggest that an important source of inegealin later life cognition or
labor market success might arise from differences in adeelssalth interventions, in this
case, access to specialized neonatal treatment at bistlaléo important to note that the
results have been found in countries at very different stafjeevelopment suggesting the
importance of neonatal health care applies more genecadlyotoad set of countries.

The results found for mortality are large. To place our miytaesults in context, we
compare our findings to that of Almond et al. (2010), who findyéamortality effects
around 1500 grams in the United States. A comparison of magdgs suggests that the
effects seen in Chile and Norway are larger than those fautitki United States. Almond
et al. (2010) find that children just below 1500 grams have erégntage point lower infant
mortality rate compared to children just above 1500 granesatie to the mean of around
5% mortality in their sample, this is a large efféttAs noted earlier, our results from Chile
suggest a reduction in mortality of 4.4 percentage poiriésgive to a mean infant mortality
rate of nearly 11% for this sample. The magnitudes from Ngrara even larger.

Apart from potentially different institutional settingsne reason we find larger effects is
our focus on children above 32 weeks of gestational age. Wieeinclude all gestational

ages, the coefficient of interest on infant mortality dezsinHence, it is likely that some
treatments are administered to all children regardlesstbfweight. One of the downsides

23Recent work by Urzla & Veramendi (2010) and Hidalgo & UrZ2810) have shown in the context
of Chile, the importance of publicly provided child care tars in improving not only cognitive abilities
among children, but also non-cognitive abilities. These rore short term outcomes but are consistent
with the longer run results presented here. Similar redudte been found while analyzing the impacts of
cash transfer programs on young children in many Latin Acagricountries (see Schady, Galiani & Souza
(2006) for an excellent review). However, most of these issidnalyze rather short term impacts of such
investments and few studies are able to analyze long terradtap Studies evaluating the Perry Preschool
Program, Head Start or Project STAR do find long term effest® (Garces, Thomas & Currie (2000) or
Chetty et al (2011)); although these are not health basedvietions.

24The effect size is similar in their paper as long as the fogosilow-quality hospitals, due to the comment
raised by Barecca et al (2011).
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of our study relative to the one by Almond et al (2010) is that ave unable to provide
details on the treatments. Future research will hopeftiggdsnore light on the mechanisms
that lead to long term effects. What is certainly evidenthigttearly childhood health
interventions play an important role in determining matyaacross three countries that
differ in their socio economic characteristics.

While the academic achievement results from Chile and Npapgear similar, they differ

in a few important ways. The results from Norway are for céhthat were born 1986-

1993, and in Chile the results are for cohorts born 1992-2Bi@pce, it is possible that later
cohorts in Chile received more advanced treatments asehartent of at-risk newborns
has changed over time. Moreover, the Norwegian test reatdtfrom grade 10, whereas
the Chilean scores are a combination of grades achievedbetgrades 1-8. Most of the
effects seen in Chile appear to come from earlier gradegr#tian later grades. Hence,
the Norwegian sample provides evidence of rather long tdfects that we are not able
to detect in the Chilean sample. It is possible that diffeesnin care for newborns or
better practices in Norway lead to more long term effect$,without a systematic and
detailed comparison of the medical technologies from the ¢auntries and the relevant
time periods, this is hard to assess.

These differences aside, our results on educational aamient in the context of education
specific interventions are quite sizable. While the obvittwast of the medical interven-
tions we examine is to save lives, we can attempt to think ath@umonetary benefits by
examining the results in Chetty et al (2011). One of theultssuggest that a one standard
deviation increase in kindergarten entry test scores ielaed with an 18% increase in
earnings. While keeping in mind that this is a correlatiod #Hrat this correlation is based
on data from the United States, we translate this correlatiohe Chilean context to result
in an increase of 2.7% increase in incomes (using an effeetadi0.15 SD increase in test
scores). The increase in the Norwegian context would benar@8%.

6 Robustness Checks

We explore the robustness of several aspects of our emstiaéegy in this section. Some
of these are threats to identification which are general aptlyado any application of an
RD strategy while others are specific to using birth weighd asnning variable.

A first general check is that the running variable is being imaated in its assignment
across the cutoff. Our regression discontinuity desighmat identify the effects of extra
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medical treatment if doctors or parents were systemaicadinipulating the birth weight
variable. If they were, then we might expect to find many Isiinound 1490 and fewer
births around 1510. One visual way of check for manipulatibtihe running variable is to
simply plot a detailed histogram of the data and to check gretbnormal heaps occur to
the left or right hand side of the cutoff.

Figure 5: Histograms of Birth Weight and Gestational Age
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Note: The histogram of birth weight is presented for birthhw82 weeks of gestation or more. The
histogram of weeks of gestation are presented for birthis wiight between 1300 grams and 1700 grams.
Chile graphs use data from 1992-2007, Norway graphs usdrdatal 980-1993.

As can be seen iRigure 5this does not appear to be the case in either country. Wehisst t
(as do Almond et al (2010)) by collapsing the data at the gearal lat which the data was
naturally collected and testing in a framework similar to&gpn3, whether more (or less)
births are reported just below the cutoff compared to jusiatihe cutoff.
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In the greater than 32 week gestation sample, the coeffi¢sttit error) on the cutoff
dummy is -16.78 (30.33). In Norway the analogous coefficamt std error is 5.3 (10.7).
These tests suggest that there is no manipulation of théngmariable in this cas®.

Another standard check in applications with an RD desigo igetrify that no other pre-
determined variables should display discontinuities adotlne cutoff apart from the treat-
ment. In Online Appendix A Table 3 we show for both countriestta number of demo-
graphic characteristics like mother’s education, mothage, mother’'s employment status,
twin or singleton status and whether the mother was martiedeatime of birth appear
smooth around the cutoff of 1500 grams. In addition in Norweas can examine APGAR
scores and family income at the time of birth, both of whiclpesgr to be smooth at the
cutoff. A graphical equivalent of this iSigure 6andFigure 7 Were these to show dis-
continuous jumps, we would be concerned that socioeconoh@tacteristics determine
which side of the cutoff an infant is observed on, invalidgtthe random assignment as-
sumption?®

We also examine the role of covariates by adding them segilignih the framework of
equation3. Online Appendix A Table 4 shows how the coefficient on theoffudummy
changes as we add more and more covariates (analogousdabiertality in Online Ap-
pendix B Table 10). Overall, the results show a rather lichitele for covariates in deter-
mining the size of the coefficient on the cutoff dummdy.

2SManipulation in the context of birth weight and medical cara potential concern as shown to be the
case in Japan in a recent working paper by Shigeoka (2011).

260nline Appendix A Table 3 only shows the smoothness of cat@sifor the schooling sample. Since
we have a different sample for analyzing mortality resulis, show in Online Appendix B Table 12 that
covariates are smooth for various subsamples analyzed jpegber. Figures in Online Appendix B also show
covariates obtained from the 4th grade SIMCE surveys.

27Another way to understand the extent to which mother levebservables might be driving the estimates
is to examine children of the same mother. We can do this usiimg and siblings that are identified in the
data using the unique identifier for the mother. Certaingydemands of the data are rather high - the sample
used for identifying the RD within a twin or sibling fixed effis requires one twin (or sibling) on either side
of the cutoff, both twins (or siblings) above 32 weeks of gésh and a birth weight difference of no more
than 200 or 400 gram®6th have to fall between the range of 1400-1600 in Chile and betwil300-1700
in Norway). With caveats for small samples in place, we estinmortality regressions (sample is too small
for schooling outcomes) around the cutoff using twins abiirgjs. The point here is not to compare these
estimates to the overall estimates we showed earlier, theréo understand how much difference the fixed
effect makes. In the Online Appendix B Table 9 we show that @h8 FE estimates for both twins and
siblings are very similar. This suggests that unobserveithen@haracteristics or propensities to manipulate
birth weights say, are not playing an important role in tieitisg.
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Figure 6: Baseline Covariates Around 1500 grams - Chile
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Note: This figure shows the relationship between birth weggtd other covariates in Chile. Cohorts
born between 1992-2007 used for this graph. For other catessi please see Online Appendix B. General
notes from Figure 1 apply and the sample consists of onli birB2 weeks of gestation or more.
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Figure 7: Baseline Covariates Around 1500 grams - Norway
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Note: This figure shows the relationship between birth weggid other covariates in Norway. Cohorts
born between 1980-1993 used for this graph. For other catessi please see Online Appendix B. General
notes from Figure 1 apply and the sample consists of onlia birf82 weeks of gestation or more.

We also verify that we do not observe similar results as tlpyesented above at other
intervals of 100 grams. If we observed that children belo@QLgrams, for example, had
higher test scores than children slightly above 1700 granes) we would be concerned
that something inherent about getting heaped at 100 grasrvais is driving the results

rather than exposure to treatments specific to being lesslthd0 grams. In general, this
is less of a concern in our context since if this were true, haufd find that 1500 gram

matters even for gestational age less than 32 w&eksvertheless, in Online Appendix A

28Moreover, given the long data series in Norway, we can shawttte 1500 gram point as a discontinuity
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Table 5 we examine every 100 gram cutoff in a similar estiomesitrategy as in equatidh
(similar table for mortality, hospitalizations and NICUraisions is in Online Appendix B
Table 14). We find that in both countries, test scores arafgigntly affected only around
the 1500 gram cutoff.

We explore the robustness of the estimates of equaiasing a wide variety of birth
weight windows and polynomials on either side of the 1500mycatoff (Online Appendix
A Table 6). While the results are largely consistent acrifésrdnt bandwidths for a given
polynomial selection, the results across different poigiads for a given bandwidth do
tend to differ, specially at smaller bandwidths. We attiébiine sensitivity of our results to
higher order polynomials to over fitting the data with fewadpoints. To the extent that the
results are largely similar for polynomials of up to ordem@idor bandwidths reaching up
to 150 grams on either side of 1500, we consider our resulis tpuite robust to bandwidth
and polynomial selection. Moreover, visual inspectionhaf tlata and the check suggested
by Lee & Lemieux (201B) (inclusion of 10 gram bin dummies and jointly testing tHee t
coefficients on these dummies are zero) indicate that limeads on either side is a good
fit of the data. Results for mortality with different windowzess and polynomials presented
in Online Appendix B Tables 8 and 15.

One concern with using birth weight as a running variabld& tf heaping (Barreca et
al 2011). In Chile, birth weight tends to be recorded at 10rgiatervals and more than
93% of births have birth weight ending in a zero ($egure 5. Recall that in Norway all
birth weight data is only recorded in 10 gram intervals. Ididn, in both countries, there
appear to be heaps at 50 and 100 gram intervals. Since birgihnive observed at heaps it
is natural to worry about whether irregular rounding up (owd) of the data could affect
our results. In our data, rounding at 50 and 100 gram intengasignificantly correlated
with a demographic characteristics as shown in Online AdpeB. In the birth weight
window of analysis, the main heap of interest is at the cuabf500.

Barreca et al (2011) suggest two ways of dealing with roumdinthis context: a fixed
effects approach and a “donut” RD. Following these ideagjraphs in the paper omit data
from the 1500 gram bin and all baseline regressions contrak.f In addition, Tables in
Online Appendix B show the stability of the results when we fised effects for heaping
at 10, 50 and 100 gram intervals. We also show the resultsfaping dummies interacted

only occurs starting in the 1980s. WHO recommendations acdrments in Norway show that this was the
period in which focus on VLBW birth was most apparent. Prmrl©80 it is unclear whether such rules
existed. These results are available upon request.
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with linear slopes so the effect of the heap can be differengither side of 1500. This
makes no difference to the overall results. The resultslacecaiite stable when we simply
remove points at 10, 50 and 100 gram bins, even though threases sample size by a
significant amount. We also adopt a donut RD approach andHatcbur results are valid
even when we exclude points that are 7 grams to either sidBGff §rams. These results
are presented in Online Appendix B Tables 5-7. Indeed, tioslsl not be surprising since
in Figure 3, it can be clearly seen that even points at 149quite different from points at
1510. Hence, the heaped point of 1500 grams itself is noindyiur resultg?®

For a subsample of our data we can observe the exact hosaited,rand note that using
hospital fixed effects mitigates the correlation betweamding and demographic charac-
teristics. This suggests that while hospitals round, thmding is not manipulatedithin
hospitals. In Norway, we can directly add hospital fixed @feo the estimation and we
find that the results do not change (Online Appendix A TableRdy Chile, while we can
add hospital fixed effects for regressions that examineattytwe are unable to do so for
regressions that examine school scores. This is becauselywkave hospital information
starting in 2002 and cohorts born after this are too youngetoliserved in school.

Finally, the results presented in section 5 show that thexena significant discontinuity

at the 1500 gram cutoff for birth with 31 weeks of gestatiomenve apply the above
mentioned controls. We view this as robust evidence thataatiom heaping is not driving

our results. If this were the case, it would be expected tecafbirths of all gestational

length, not just at or above 32 weeks of gestation. We thuslada that after applying the

appropriate modifications recommended in the literatueefimd that non random heaping
is not a significant driver of the results found.

29A concern in the Chilean context could be that the resultsihdyiven by points that areotat 10 gram
intervals. This is not the case.
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7 Conclusion

In this paper we provide evidence that children who recekteaemedical care at birth
have lower mortality rates and higher academic achievemesthool. Using detailed ad-
ministrative data from two countries we show that childrermovby virtue of having been
born with a birth weight of just less than 1500 grams, are ligs$y to die and go on to
have higher grades and test scores later in life. Thesetsemd to the growing body of
research indicating the importance of neonatal care fdttheatcomes such as mortality.
More importantly it also provides new evidence on long rutemalities which should be
considered when evaluating the such policies. The redstigaovide suggestive evidence
that the introduction of surfactant played an importang ialreducing mortality and rais-
ing academic outcomes. More generally, the fact that amditimedical treatment has long
run effects indicates that the observed inequalities in@cac achievement and other out-
comes later in life can arise at least in part due to inedaalib health care starting at birth.
Efforts to improve educational outcomes should therefocei$ not only on policies affect-
ing contemporaneous educational inputs in school likeebé#iachers, books and school
infrastructure but also on broader public policies sucmgsoved neonatal care.

While this paper’s main contribution lies in linking earliiilhood medical interventions
and later life educational achievement, we hope futurearebecan highlight the pathways
by which this link emerges. In this instance, children reea “bundle” of medical in-
terventions and although we show that surfactant likelypkmajor role, understanding
which intervention or what combination of interventionaddo the greatest impacts would
be useful from a policy perspective. Another important asefor future research is to
better understand the way post-hospital inputs such astahiavestments react to health
interventions and affect long run outcomes. Our resultgiesiga limited role for differen-
tial investments in this application, but we hope futureeegsh in this area can shed more
light on this important behavioral response.

Finally, it is important to note that the results in this papave been found in countries
at very different stages of development (Chile and Norwang are consistent with evi-
dence on mortality for the United States from Almond et a01(@). This suggests that the
evidence presented on the importance of neonatal heakhapglies more generally to a
broad set of countries at different stages of economic aailstevelopment.
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Table 1 - Treatments around 1500 grams

Chile - Number of days spent in hospital within a month  All gestational Gestat|£)nal Gestational
of birth ages age >=32 age < 32
weeks weeks
Birth Weight<1500 1.576 3.976** 0.91
(1.465) (1.6) (3.374)
Mean of dependent variable 32.95 28.89 37.38
Observations 862 449 413
_ All gestational Gestational Gestational
Norway - whether child was transferred to a NICU ages age >=32 age < 32
weeks weeks
Birth Weight<1500 0,087** 0,143** 0.004
(0.035) (0.052) (0.034)
Mean of dependent variable 0.31 0.28 0.35
Observations 2111 1.224 887

General table note: Window of 100 grams on either side of 1500 grams used. Regression controls for
mother's age, education and marital status, year of birth and region/municipality of birth fixed effects,
type of birth service and 100 gram heap fixed effect. Linear slopes on either side of 1500 grams are
included and regression is weighted using triangular weights (only in Norway in this case). Standard
errors are clustered at the gram level. For details on the construction and availability of the dependent
variable, please see Section 4 and Section 5 of the paper. Due to some outliers driving the results in
small sample sizes in Chile, reported regressions are quantile regressions evaluated at the median.

Table 2 - Mortality around 1500 grams by Gestational Age

All gestational Gestational Gestational
Chile: Birth cohorts 1992-2007 age >=32 age < 32
ages
weeks weeks
Infant Mortality (death within 1 year of birth)
Birth Weight<1500 -0.0261%* -0.0449** -0.00228
(0.0134) (0.0181) (0.0196)
Mean of dependent variable 0.116 0.109 0.125
Observations 9,348 5,129 4,219
_ All gestational Gestational Gestational
Norway: Birth cohorts 1980-1993 ages age >=32 age < 32
weeks weeks
Infant Mortality (death within 1 year of birth)
Birth Weight<1500 -0.03* -0.031** -0.028
(0.015) (0.013) (0.027)
Mean of dependent variable 0.053 0.036 0.08
Observations 4.035 2.437 1.598

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Window of 100 grams on either side of 1500 grams used for Chile and window of 200 grams on
either side of 1500 grams used for Norway. Regression controls for mother's age, education and marital
status, year of birth and region/municipality of birth fixed effects, type of birth service and 100 gram
heap fixed effect. Linear slopes on either side of 1500 grams are included and regression is weighted
using triangular weights. Standard errors are clustered at the gram level. For details on the
construction and availability of the dependent variable, please see Section 4 and Section 5 of the paper.



Table 3 - School performance around 1500 grams by Gestational Age

Birth cohorts 1992-2002

Chile School Outcomes

All gestational Gestational age Gestational age

ages >=32 weeks < 32 weeks
Classroom standardized math scores
Birth Weight<1500 0.0676 0.152** -0.0363
(0.0484) (0.0583) (0.0750)
Mean of dependent variable -0.155 -0.153 -0.157
Observations 5,022 2,877 2,145
School GPA
Birth Weight<1500 0.0608** 0.126*** -0.0249
(0.0235) (0.0417) (0.0354)
Mean of dependent variable 5.741 5.756 5.720
Observations 5,114 2,935 2,179
SIMCE Scores in Math (administed only in 2002
and yearly from 2005-2010)
Birth Weight<1500 -0.0176 0.135 -0.232*
(0.0845) (0.0906) (0.135)
Mean of dependent variable -0.156 -0.157 -0.154
Observations 2,469 1,463 1,006

Birth cohorts 1986-1993

Norway 10th Grade National Exam

All gestational

Gestational age Gestational age

ages >=32 weeks < 32 weeks
100 gram window on either side of 1500 grams
Birth Weight<1500 0.275* 0.476%** 0.025
(0.150) (0.097) (0.334)
Mean of dependent variable -0.081 -0.145 0.011
Observations 940 556 384
200 gram window on either side of 1500 grams
Birth Weight<1500 0.179* 0.228** 0.101
(0.089) (0.087) (0.171)
Mean of dependent variable -0.114 -0.166 -0.03
Observations 1.880 1.163 717

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Window of 100 grams on either side of 1500 grams used for Chile and window of 100 and 200
grams on either side of 1500 grams used for Norway (both results are presented and discussed in the

text). Regression controls for mother's age, education and marital status, year of birth and

region/county of birth fixed effects, type of birth service and 100 gram heap fixed effect. Linear slopes
on either side of 1500 grams are included and regression is weighted using triangular weights.
Standard errors are clustered at the gram level. For details on the construction and availability of the

dependent variables, please see Section 4 and Section 5 of the paper.



Table 4 - Counterfactuals using non survivors of infancy

Only Percentile of test score assigned to non-survivors above 1500 grams
survivors Median 55th 60th 65th 75th 80th
Chile
Birth Weight<1500 0.152%* 0.145%* 0.145** 0.140%** 0.118** 0.0582 -0.00244
(0.0583) (0.0581) (0.0581) (0.0567) (0.0583) (0.0596) (0.0612)
Observations 2,877 3,166 3,166 3,166 3,166 3,166 3,166
Norway
Birth Weight<1500 0.228** 0.231** 0.232%* 0.226** 0.224** 0.216** 0.205**
(0.087) (0.088) (0.088) (0.087) (0.087) (0.086) (0.086)
Observations 1.163 1.184 1.184 1.184 1.184 1.184 1.184

* significant at 10%; ** significant at 5%; *** significant at 1% Note: This table assigns counterfactual scores to children with birth
weight above 1500 grams who are not observed in the data due to death within the first year of their lives. These children are assigned
scores at the percentile (indicated at each column) within their 10 gram birthweight bin. Window of 100 grams on either side of 1500
grams used for Chile and window of 200 grams on either side of 1500 grams used for Norway. Regression controls for mother's age,
education and marital status, year of birth and region/municipality of birth fixed effects, type of birth service and 100 gram heap fixed
effect. Linear slopes on either side of 1500 grams are included and regression is weighted using triangular weights. Standard errors are
clustered at the aram level.

Table 5 - Role of Surfactant

Chile: surfactant introduced Norway: surfactant introduced
1998 1989
Pre Post Post
Surfactant Surfactant P(rlegzgr_flag;asr;t Surfactant
(1992-1997) (1998-2002) (1989-1993)

Test scores

Birth Weight<1500 0.103** 0.197 -0.044 0.349%**
(0.0509) (0.134) (0.260) (0.130)
Mean of dependent variable -0.132 -0.198 -0.107 -0.302
Observations 1,990 887 354 809
Chile: Infant Mortality Chile: Neonatal Mortality
Mortality Pre Post Post
Surfactant Surfactant P(rlegssygr_flag;r;t Surfactant
(1992-1997) (1998-2002) (1998-2002)
Birth Weight<1500 -0.0152 -0.0693** -0.0155 -0.0548**
(0.0309) (0.0296) (0.0327) (0.0252)
Mean of dependent variable 0.13 0.1 0.021 0.025
Observations 2,021 1,801 2,021 1,801

* significant at 10%; ** significant at 5%, *** significant at

Note: Window of 100 grams on either side of 1500 grams used for Chile and window of
200 grams on either side of 1500 grams used for Norway. Regression controls for mother's
age, education and marital status, year of birth and region/municipality of birth fixed
effects, type of birth service and 100 gram heap fixed effect. Linear slopes on either side of
1500 grams are included and regression is weighted using triangular weights. Standard
errors are clustered at the aram level.



Table 6: Parental Investment Responses Around Cutoff

Average Raw

School in top

Parents read

0, n n
Chile SIMCE score Private school Grade size 25% of SIMCE then .to
in school score child during
distribution the week
Birth Weight<1500 2.433 0.0144 -6.147 -0.0465 0.0149
(2.327) (0.0272) (4.361) (0.0364) (0.106)
Mean of dependent variable 251.0 0.0672 62.34 0.301 0.365
Observations 2,094 2,174 2,174 2,094 641
Return to Mother
Enrolled in Average exam work after Log parental
- . . . employed at
Norway child care at score in paid income at the .
. . the time of
age 5 school maternity time of test test
leave
Birth Weight<1500 0.009 -0.004 -0.034 0.042 0.029
(0.041) (0.033) (0.036) (0.070) (0.027)
Mean of dependent variable 0.83 0 0.66 13.2 0.79
Observations 1.249 683 1.594 1.507 1.594

Std errors clustered at the gram level

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: See Table 3. School level measures in Chile are measured as of grade 4. Grade size refers to the
number of students in the entire grade. Average number of classrooms per grade is 2. Parental reading
measures come from self reported surveys administered along with the SIMCE in 2002 and 2007. Answers
range from "Very often" = 1, to Never = "4". We create a binary variable which is 1 if parents read "very
often" or "often" (answers 1 and 2), and 0 otherwise. Child care in Norway is coded as 1 if the care if
"formal”, and 0 if care was "informal" i.e. nannies at home, grandparents etc. Return to work variable in
Norway is coded as 1 if mother returns to work after the end of maternity leave.



Online Appendix A Table 1 - Alternative measures of school performance around 1500 grams by
gestational Age

Alternative test measures from Chile

Birth cohorts 1992-2002 All qestational ages Gestational age Gestational age
9 9 >=32 weeks < 32 weeks

Classroom language scores

Birth Weight<1500 0.0412 0.113* -0.0544
(0.0420) (0.0583) (0.0660)

Observations 4,958 2,837 2,121

Classroom math scores Grades 1-4

Birth Weight<1500 0.0563 0.169** -0.0935
(0.0605) (0.0667) (0.0790)

Observations 4,740 2,719 2,021

Classroom language scores Grades 1-4

Birth Weight<1500 0.0157 0.120* -0.123%*
(0.0505) (0.0683) (0.0733)

Observations 4,675 2,680 1,995

Classroom math grades, standardized nationally

Birth Weight<1500 0.0530 0.177%** -0.0917
(0.0412) (0.0555) (0.0601)

Observations 5,117 2,935 2,182

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Window of 100 grams on either side of 1500 grams used for Chile. Regression controls for mother's age,
education and marital status, year of birth and region of birth fixed effects, type of birth service and 100 gram
heap fixed effect. Linear slopes on either side of 1500 grams are included and regression is weighted using
triangular weights. Standard errors are clustered at the gram level. For details on the construction and
availability of the dependent variable, please see Section 4 and Section 5 of the paper.

Online Appendix A Table 2: Bounds for test scores accounting for differential mortality

Birth weight range 1450-1550 Chile Norway
Untreated i. Observations 1476 169
>=1500 ii. Proportion non missing 0.846 0.952
iii. Mean score -0.189 -0.12
Treated iv. Observations 859 231
<1500 V. Proportion nonmissing 0.858 0.93
vi. Mean score -0.097 0.084
p=[ (v-ii)/v] 0.013986014  -0.023655914
p'th quantile score in treatment group score -1.91 -1.92
Trimmed mean (y>y_p) -0.0744 0.098
1-p 'th quantile 1.53 2.12
Trimmed mean (y<y_(1-p)) -0.12 0.033
Upper bound estimate 0.1146 0.218
Lower Bound estimate 0.069 0.153

Estimate from regression 0.0898399 0.204




Online Appendix A Table 3 - Other covariates examined at 1500 grams

Mother Mother . .
Covariates Mother's Age attended attended high Mother Birth Mother Non twin birth APGAR1 . Ln(famll_y
married Employed income) birth
college school
Chile
Birth Weight<1500 -1.279 -0.00232 0.0471 0.0159 -0.0426 -0.00366 NA NA
(0.814) (0.0441) (0.0470) (0.0414) (0.0477) (0.0337)
Mean of dependent variable 27.88 0.163 0.546 0.556 0.282 0.793
Observations 2,877 2,877 2,877 2,877 2,875 2,877
Norway
Birth Weight<1500 -0.008 -0.069 0.002 -0.031 -0.050 0.033 -0.092 -0.046
(0.604) (0.046) (0.056) (0.040) (0.05) (0.033) (0.121) (0.083)
Mean of dependent variable 27.5 0.3 0.41 0.55 0.7 0.76 7.4 12.2
Observations 1.594 1.594 1.594 1.594 1.594 1.594 1.565 1.563

* significant at 10%; ** significant at 5%, *** significant at 1%

Notes: 100 gram window on either side of 1500 grams used in Chile and 200 gram window on either side of 1500 grams used in Norway. No
covariates are included in regressions, except for 100 gram heap fixed effects. Linear slopes on each side of 1500 grams and triangular weights are
used. Standard error clustered at the gram level. Chile data uses cohorts 1992-2002 and Norway data uses cohorts 1986-1993, which are the
relevant sample for schooling outcomes. Balance on covariates for other samples (mortality sample for example) are presented in the Online

Appendix.
Online Appendix A Table 4 - Discontinuity at 1500 grams Sequentially adding covariates
Test scores 1 2 3 4 5 6 7
Chile
Birth Weight<1500 0.145%* 0.145%%* 0.151*** 0.152** 0.152** 0.143*** 0.120
(0.0649) (0.0445) (0.0458) (0.0606) (0.0583) (0.0545) (0.0904)
Observations 2,877 2,877 2,877 2,877 2,877 2,877 1,227
- 3+100 gram 5+Municipalit .
1+ clustering 2+v52iar;1gzlsnar heap fixed 4+covariates y of birth ss:/i'c-':izltiiln
9 effect fixed effect 9
Norway
Birth Weight<1500 0.218%* 0.218%* 0.227** 0.216** 0.228** 0.223* 0.220**
(0.118) (0.114) (0.104) (0.107) (0.087) (0.114) (0.101)
Observations 1.163 1.163 1.163 1.163 1.163 1.163 1.156
- 3+100 gram 5+Municipalit .
Covariates included 1+ clustering 2+ trl_angular heap fixed 4+covariates y of birth _6+Hosp|ta|
weights ) fixed effectrs
effect fixed effect

Std errors clustered at the gram level for Chile, 10 gram level for Norway

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: 100 gram window on either side of 1500 grams used in Chile and 200 gram window on either side of 1500 grams used in
Norway. Hospital ID is only available starting in 2001 in Chile, hence a proxy for hospital name is the hospital's service region (there
are 29 such regions in Chile). However, even hospital service region data is only avaialble after 1997. Covariates in column 5 are:

Year and region/county of birth fixed effects, Mother's age, education and marital status, type of birth service and sex.



Online Appendix A Table 5 - Examining Cutoffs on Test Scores between 1100-3000 grams

Chile Norway
Cutofff point Coefcf:ftffr;t N cutofff point Coefcf:ftffr;t oN  cutofff point Coefcf:ftffr;t o cutofff point Coefcf:ftffr;t on
1100 2100 0.0210 1100 0.052 2100 0.074%*
(0.0217) (0.243) (0.042)
1200 0.215 2200 -0.0280
(0.141) (0.0265)
1300 0.00418 2300 0.0119 1300 -0.075 2300 0.042
(0.130) (0.0317) (0.142) (0.038)
1400 0.106 2400 -0.00400
(0.0809) (0.0144)
1500 0.152%** 2500 0.0148* 1500 0.228** 2500 0.024
(0.0583) (0.00848) (0.087) (0.041)
1600 -0.0107 2600 0.0180
(0.0420) (0.0187)
1700 -0.0882** 2700 -0.0376**x* 1700 -0.028 2700 -0.001
(0.0402) (0.00762) (0.080) (0.028)
1800 0.0197 2800 -0.00740
(0.0611) (0.00930)
1900 -0.0172 2900 -0.00397 1900 0.071 2900 0.031
(0.0282) (0.00511) (0.058) (0.022)
2000 0.00981 3000 -0.0115%*
(0.0236) (0.00679)

* significant at 10%; ** significant at 5%, *** significant at 1%

Note: Window of 100 grams on either side of each cutoff point used for Chile, and a 200 gram window on either side of the
cutoff used in Norway. Regression controls for mother's age, education and marital status, year of birth and region of birth
fixed effects, type of birth service and 100 gram heap fixed effect. Linear slopes on either side of 1500 grams are included and
regression is weighted using triangular weights. Standard errors are clustered at the gram level.



Online Appendix A Table 6: Sensitivity to Bandwidth and Polynomial Selection in Test Score Regressions

Chile: Average over 8 years of test scores

Bandwidth 50 60 70 80 90 100 110 120 130 140 150
Polynomial
1 0.172%** 0.122%* 0.117%* 0.131%%* 0.134%** 0.131%%* 0.117%%* 0.106%** 0.0957** 0.0942%* 0.0885**
(0.0548) (0.0523) (0.0508) (0.0491) (0.0470) (0.0447) (0.0419) (0.0402) (0.0383) (0.0371) (0.0364)
2 0.385%** 0.303%** 0.221%%* 0.134%* 0.124%* 0.131%* 0.151%%* 0.161%** 0.162%** 0.146%** 0.144%**
(0.0921) (0.0691) (0.0666) (0.0713) (0.0613) (0.0565) (0.0541) (0.0541) (0.0531) (0.0527) (0.0519)
3 0.378 0.476%** 0.477*** 0.420%** 0.281%** 0.194%* 0.132 0.110 0.126%* 0.162%* 0.156%*
(0.242) (0.169) (0.118) (0.0957) (0.0894) (0.0917) (0.0840) (0.0783) (0.0668) (0.0626) (0.0607)
Observations 1,350 1,800 2,057 2,320 2,646 2,877 3,529 3,753 4,148 4,430 4,740

Norway: 10th grade national exam

Window 100 120 140 160 180 200 220 240 260 280 300
Polynomial
1 0.476*** 0.370%*** 0.294*** 0.249%** 0.233%** 0.228** 0.222%* 0.230%** 0.231%** 0.219%* 0.222%*
(0.097) (0.084) (0.081) (0.084) (0.085) (0.087) (0.087) (0.085) (0.085) (0.085) (0.085)
2 0.463** 0.607*** 0.572%** 0.489*** 0.423%** 0.386*** 0.336*** 0.290%** 0.268*** 0.283%** 0.270%**
(0.186) (0.169) (0.151) (0.130) (0.115) (0.109) (0.096) (0.096) (0.095) (0.095) (0.095)
3 -0.068 0.205 0.478** 0.612%** 0.620*** 0.627*** 0.540%*** 0.509%** 0.471%%* 0.385%** 0.379%**
(0.357) (0.229) (0.211) (0.216) (0.208) (0.204) (0.170) (0.155) (0.142) (0.128) (0.118)
Observations 556 657 789 920 1.051 1.163 1.280 1.412 1.538 1.682 1.838

Note: Regression controls for mother's age, education and marital status, year of birth and region/municipality of birth fixed effects, type of birth service and 100 gram heap fixed
effect. Regression is weighted using triangular weights. Standard errors are clustered at the gram level. For details on the construction and availability of the dependent variable,
please see Section 4 and Section 5 of the paper.



B Appendix B - Robustness of Main Results

Figure B-1: Main Results, smaller bins (10 grams)
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Note: This figure shows the main results presented in therpaitte bins of 10 grams (1/3 an ounce).
This is the level at which birth weight is measured in Norwag avhere almost 90% of data is measured in
Chile. See main text for a description of the constructiotheke figures. The 1500 gram bin was dropped.
All figures for 32 weeks of gestation or more.



Figure B-2: Main Results, 400 gram window
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Note: This figure shows the main results presented in therpeitiea larger window width of 200 grams
on either side of the cutoff. See main text for a descriptibthe construction of these figures. The 1500
gram bin was dropped. All figures for 32 weeks of gestation orem



Figure B-3: Main Results, 30 gram bins at 30 gram intervals only
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Note: This figure shows the main results presented in therpaitie dots that represent averages of 30
gram bins (approximately 1 ounce) centered at 30 gram iaterirhe window width is 200 grams on either
side of the cutoff. The dark lines are a linear fit using trialag weights on either side using the micro data.
The 1500 gram bin was dropped. All figures for 32 weeks of giestar more.



Figure B-4: Neonatal Mortality
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Note: This figure shows the results for neonatal mortali ¢2ys). See main text for a description of
the construction of these figures.

Figure B-5: GPA and Language Grades, 1-8th grade
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Note: This figure shows the results for alternative academicomes. GPA is the average grade point
average reported by the schools in levels, averaged ovathficsigh eighth grade. Language grades are stan-
dardized at the classroom level and averaged over firstghreighth grade. See main text for a description
of the construction of these figures.



Figure B-6: Simce Test, 4th Grade
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Note: This figure shows the results for SIMCE tests scores rBain text for a description of the
construction of these figures.



Figure B-7: School Characteristics in 4th Grade
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Note: This figure shows the evolution of several covariateshddren born around the cutoff of 1500g.
Bins are 30 gram wide plotted at every 10 gram interval. THigl $dack line is a linear trend fitted to the
data in above and below the cutoff.



Figure B-8: Covariates in 4th Grade
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Note: This figure shows the evolution of several covariatehddren born around the cutoff of 1500g.
Bins are 30 gram wide plotted at every 10 gram interval. THigl $dack line is a linear trend fitted to the
data in above and below the cutoff.



Figure B-9: Histogram of Hospital Days

Hospital Day Sample

150 | T T T
100+ i
; |||||| “||.| R

0 50 100 150 200 250

Note: This figure shows the histogram of hospital stay lesgitlat begin during the first month of life

for births of weight between 1400 grams and 1600 grams. Thtedlwertical lines indicate the 90th, 95th
and 99th percentile.

Figure B-10: Simce Test, 4th Grade
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Note: This figure shows the average merge rate across thi. cuto



Figure B-11: Histogram of Birth Weight, 1,5 and 10 gram bins.
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Note: This figure shows the histogram of birth weight for €hfor the relevant window of analysis. It
includes all births between 1992 and 2007. In the entireitdigion, 93% of all births have recorded birth
weight ending in a 0. Approximately 20% have birth weightoeted as ending in 00 and 12% ending in 50.



Figure B-12: Mother Education at Birth, 10 gram bins.
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Note: This figure shows average mother eal%ation by smadl birnl0 grams. 1400,1500 and 1600
show a noticeably worse education for mothers suggestingamdom heaping. These bins are omitted or
controlled for in the analysis throughout the paper.



Online Appendix B Table 1: Validity of Chile Micro Data

Year

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

Total Births
from Official
Summary
Files

279098
275916
273766
265932
264793
259959
257105
250674
248893
246116
238981
234486
230352
230831
231383
240569

Births with
valid unique
IDs from
micro files

278958
275857
273745
265897
264776
259936
257068
250469
248867
245684
236366
230469
230348
230827
231378
240567

Match
between
summary
files and
micro data
0.9990
0.9998
0.9999
0.9999
0.9999
0.9999
0.9999
0.9992
0.9999
0.9982
0.9891
0.9829
1.0000
1.0000
1.0000
1.0000

Infant
mortality
counts from
Summary
files
4209
3792
3454
3107
3095
2732
2793
2654
2336
2159
1964
1935
2034
1911
1839
2009

Infant
mortality
observed in
micro data

3419
3657
3376
3043
3036
2694
2770
2628
2315
2103
1902
1859
2016
1907
1838
2005

Match rate

between

summary

files and

micro data
0.812
0.964
0.977
0.979
0.981
0.986
0.992
0.99
0.991
0.974
0.968
0.961
0.991
0.998
0.999
0.998




Online Appendix B Table 2: Characteristics of Mothers

Chile 1400 < BW = 1600 All
Mother has College Education 17.10% 16.80%
Mother has High School Education 55.10% 57.70%
Mother has Elementary Education 27.30% 25.10%
None of the above 0.50% 0.40%
Mother is Married 48.20% 50.90%
Mother is Single 51.80% 49.20%
Mother Age at Birth 27.5 26.8
Father Age at Birth 30.5 29.9
Born in Hospital 98.70% 98.70%
Birth Attended by Doctor 54.90% 33.90%
Birth Attended by midwife 44.30% 65.80%
Norway 1300 < BW = 1700 All
Mother has College Education 32% 36%
Mother has High School Education 41% 41%
Mother has Elementary Education 23% 20%
None of the above 10% 6%
Mother is Married 57% 63%
Mother is Single 43% 37%
Mother age at Birth 27.7 27.5
Father age at Birth 30.9 30.9
Female child 50% 49%
Born in hospital 99% 99%
Transferred to NICU 27% 2%




Online Appendix B Table 3 : Merge rates for births between 1300-1700 grams

. RECH data base SIMCE data base
Missing
Birth Year Total Births because . Number of Missing due Number of
dead Missing due to matched Merge Rate to other matched Merge Rate
other reasons . -
observations reasons observations
1992 4396 807 268 3328 0.93 2050 1541 0.43
1993 4089 716 244 3133 0.93 2511 862 0.26
1994 3782 624 177 2984 0.94 2917 241 0.08
1995 3790 631 190 2971 0.94 1443 1716 0.54
1996 3886 577 185 3126 0.94 669 2642 0.8
1997 3915 572 161 3188 0.95 690 2653 0.79
1998 4169 579 183 3408 0.95 679 2911 0.81
1999 4183 529 192 3464 0.95 903 2751 0.75
2000 4020 467 184 3371 0.95 1086 2468 0.69
2001 3895 409 148 3338 0.96 2683 803 0.23
2002 3878 357 199 3322 0.94 3521 0 0

Take exam in Missing but not

Norway Ever dead Observations

10th grade dead
1986 12% 70% 18% 261
1987 8% 72% 20% 300
1988 8% 71% 21% 295
1989 10% 73% 17% 335
1990 8% 73% 20% 375
1991 7% 76% 17% 382
1992 7% 72% 21% 343

1993 4% 74% 23% 336




Online Appendix B Table 4 - Examining Cutoffs on Infant Mortality between 1100-3000 grams

Chile (birth cohorts 1992-2007) Norway (birth cohorts 1980-1993)
Cutofff point Coeilctlsf;t on Cutofff point Coeilctlsf;t on Cutofff point Coeilctlsf;t on Cutofff point Coeilctlsf;t on
1100 2100 0.00660 1100 -0.027 2100 -0.004
(0.00455) (0.039) (0.004)
1200 0.0636 2200 0.00567
(0.0467) (0.00346)
1300 0.000396 2300 0.00175 1300 0.026 2300 0.004
(0.000465) (0.00331) (0.025) (0.004)
1400 0.0153 2400 -0.00436**
(0.0226) (0.00212)
1500 -0.0449** 2500 -0.00180 1500 -0.031** 2500 0.001
(0.0181) (0.00202) (0.013) (0.002)
1600 -0.00903 2600 -0.00290**
(0.00985) (0.00143)
1700 0.00711 2700 -0.000567 1700 -0.005 2700 -0.002
(0.0138) (0.000521) (0.010) (0.002)
1800 -0.00890 2800 0.000114
(0.0119) (0.000539)
1900 0.00516 2900 -0.000386 1900 -0.006 2900 0
(0.00535) (0.000986) (0.007) (0.001)
2000 -0.00235 3000 0.000232
(0.00615) (0.000669)

Std errors clustered at the gram level for Chile, 10 gram level for Norway
* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: same notes as Appendix Table 5 apply.



Online Appendix B Table 5 - Heaping and Demographic Characteristics

Complete sample: 1992-2007 Chile,
gestational age >= 32 weeks

Heaps observed (in grams)

Heaps observed (in grams) - with
municipality of birth fixed effects

Heaps observed (in grams) - with hospital

fixed effects

Birth weight ranges from 1200-1800 grams 10 50 100 10 50 100 10 50 100
Mother attended high school 0.00204 -0.0171%**  -0.0188*** 0.00206 -0.0112% -0.0130%** -0.00242 -0.0224%** -0.0131
(0.00475) (0.00621) (0.00614) (0.00470) (0.00617) (0.00555) (0.00816) (0.00907) (0.00814)
Mother attended college -0.0846***  -0.0531***  -0.0487***  -0.0535%**  -0.0335%**  -0.0322%**  -0.0601***  -0.0472%** -0.0283**
(0.0119) (0.0124) (0.0133) (0.0102) (0.00915) (0.00809) (0.0133) (0.0130) (0.0119)
Mother's Age -0.000498 0.000221 -0.000132 -0.000230 0.000424 -6.73e-05 -0.000728 -9.79e-05 -0.000368
(0.000362)  (0.000495) (0.000438) (0.000340) (0.000481) (0.000421) (0.000576) (0.000858) (0.000858)
Father's Age -0.000100 -0.000308 -0.000163 -5.40e-05 -0.000223 -0.000122 -9.40e-05 -0.000101 8.66e-05
(0.000202)  (0.000202) (0.000161)  (0.000193) (0.000192) (0.000165) (0.000302) (0.000246) (0.000176)
Married 0.0191%** 0.0176%*** 0.0153** 0.0146%*** 0.0173%** 0.0148** 0.0186** 0.0114 0.00296
(0.00482) (0.00644) (0.00655) (0.00464) (0.00663) (0.00707) (0.00749) (0.0100) (0.00822)
Single Birth 0.0124%** 0.00494 0.00122 0.00186 0.000703 -0.00129 0.00605 6.97e-05 -0.0148
(0.00623) (0.00941) (0.00623) (0.00582) (0.00915) (0.00662) (0.00856) (0.0152) (0.0126)
Mother Employed -0.0202%** -0.0105 0.00143 -0.0115%* -0.00336 0.00643 -0.0156* 0.00781 0.0142*
(0.00613) (0.00853) (0.00630) (0.00586) (0.00849) (0.00648) (0.00874) (0.0115) (0.00809)
Constant 1.059%** 0.489%** 0.328%** 0.965%** 0.420%** 0.286%** 0.778%** 0.266%** 0.168**
(0.0180) (0.113) (0.120) (0.0163) (0.0946) (0.101) (0.0354) (0.0866) (0.0851)
Observations 19,763 19,763 19,763 19,763 19,763 19,763 9,068 9,068 9,068

Complete sample: 1980-1993 Norway,
gestational age >= 32 weeks

Heaps observed (in grams)

Heaps observed (in grams) - with
municipality of birth fixed effects

Heaps observed (in grams) - with hospital

fixed effects

Birth weight ranges from 1200-1800 grams 10 50 100 10 50 100 10 50 100
Mother attended high school -0.006 -0.003 -0.017 -0.010 -0.008 -0.006
(0.015) (0.012) (0.016) (0.013) (0.015) (0.012)
Mother attended college c 0.006 0.009 c -0.005 -0.002 c 0.001 0.004
S (0.017) (0.013) S (0.018) (0.014) S (0.017) (0.013)
Mother's Age [ -0.001 0.001 © -0.001 0 © -0.001 0.001
g (0.002) (0.001) g (0.002) (0.001) g (0.002) (0.001)
Father's Age 9 0.001 -0.001 9 0.001 -0.001 9 0.001 0
s (0.001) (0.001) s (0.002) (0.001) s (0.002) (0.001)
Married P -0.023 -0.024%x* P -0.023 -0.021* P -0.022 -0.024%x*
5 (0.014) (0.011) 5 (0.015) (0.012) 5 (0.014) (0.011)
Single Birth g 0.006 0.007 g -0.002 0.001 g 0.003 0.004
= (0.014) (0.011) = (0.016) (0.013) = (0.015) (0.012)
Mother Employed £ -0.002 -0.002 £ 0.006 0.004 £ 0.001 -0.002
0 (0.013) (0.011) 0 (0.014) (0.011) 0 (0.014) (0.011)
Constant 0.247%%* 0.152%%* 0.234%%* 0.133%** 0.218%** 0.144% %%
(0.041) (0.033) (0.048) (0.037) (0.045) (0.035)
Observations 3.899 3.899 3.899 3.899 3.868 3.868

Std errors clustered at the gram level

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Dependent variable is 1 if observation is at a heaped point at the gram level as suggested by column headings. This table assesses the correlations between observed
characteristics and whether or not birth weight was rounded to an integer multiple of 10, 50 or 100. Additional covariates include year of birth and region/municipality fixed effects.



Online Appendix B Table 6 - Robustness to Heaping

Math scores

Fixed effects for heaps

Removing points at heaps

10 50 100 10 50 100
Chile (cohorts 1992-2002)
Birth Weight<1500 0.131*** 0.142*** 0.152%** 0.622%** 0.154%*x* 0.153%**
(0.0454) (0.0512) (0.0583) (0.247) (0.0556) (0.0591)
Observations 2,877 2,877 2,877 267 2,176 2,596
Norway (cohorts 1986-1993)
Birth Weight<1500 smallest 0.242%** 0.228** smallest 0.245%** 0.220%**
unit (0.091) (0.087) unit (0.094) (0.099)
Observations of obs 1.163 1.163 of obs 863 996

Infant Mortality

Chile (cohorts 1992-2007)
Birth Weight<1500

Observations

Norway (cohorts 1980-1993)
Birth Weight<1500

Observations

Std errors clustered at the gram level

Fixed effects for heaps

Removing points at heaps

10 50 100 10 50 100
-0.0273%* -0.0312** -0.0449** -0.0709%* -0.0436** -0.0425**
(0.0146) (0.0151) (0.0181) (0.0371) (0.0183) (0.0185)

5,129 5,129 5,129 767 3,985 4,662
smallest -0.023** -0.031** smallest -0.027** -0.034**
unit (0.011) (0.013) unit (0.012) (0.013)

of obs 2.437 2.437 of obs 1.755 2,050

* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: Standard covariates and regression notes from Table 3 in the paper apply.



Online Appendix B Table 7 - Donut RD Design

Size of donut around 1500 grams

Math scores 0 1 2 3 4 5 6 7

Chile (cohorts 1992-2002)

Birth Weight<1500 0.153** 0.153** 0.152%* 0.152%* 0.148%** 0.148** 0.148** 0.147**
(0.0591) (0.0591) (0.0591) (0.0591) (0.0590) (0.0607) (0.0607) (0.0608)

Observations 2,596 2,596 2,595 2,595 2,594 2,586 2,586 2,585

Size of donut around 1500 grams

Infant Mortality 0 1 2 3 4 5 6 7

Chile (cohorts 1992-2007)

Birth Weight<1500 -0.0425** -0.0425%* -0.0430%** -0.0431%* -0.0434** -0.0412** -0.0406** -0.0383**
(0.0185) (0.0185) (0.0187) (0.0187) (0.0192) (0.0192) (0.0194) (0.0191)

Observations 4,662 4,662 4,653 4,650 4,634 4,603 4,597 4,593

Std errors clustered at the gram level
* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: Standard regression notes from Table 3 apply. 0 indicates that we drop points at 1500 grams. Each subsequent column indicates that we drop that gram
equivalent on either side of 1500. For example, the column heading "1" indicates that we drop observations at 1499 and 1501 grams and so on.

Online Appendix B Table 8: Infant Mortality Sensitivity to Window and Polynomial Selection in Test Score Regressions

Chile: Infant Mortality (cohorts 1992-2007)
Window 50 60 70 80 90 100 110 120

130 140 150
Polynomial
1 -0.0452 -0.0408* -0.0392* -0.0407** -0.0443** -0.0449%** -0.0318* -0.0294* -0.0280* -0.0272* -0.0273*
(0.0307) (0.0240) (0.0212) (0.0196) (0.0187) (0.0181) (0.0166) (0.0160) (0.0153) (0.0146) (0.0142)
2 -0.000712 -0.0331 -0.0366 -0.0337 -0.0297 -0.0343 -0.0254 -0.0198 -0.0182 -0.0184 -0.0181
(0.0540) (0.0498) (0.0450) (0.0388) (0.0332) (0.0302) (0.0201) (0.0164) (0.0156) (0.0158) (0.0160)
3 -0.0635 0.0125 -0.00877 -0.0262 -0.0359 -0.0266 -0.00814 0.00290 0.00982 0.00936 0.00489
(0.0711) (0.0702) (0.0621) (0.0593) (0.0560) (0.0519) (0.0349) (0.0260) (0.0204) (0.0179) (0.0168)
Observations 2,481 3,234 3,706 4,161 4,717 5,129 6,178 6,613 7,252 7,755 8,297
Norway: Infant Mortality (1980-1993)
Window 100 120 140 160 180 200 220 240 260 280 300
Polynomial
1 -0.02 -0.024* -0.024* -0.028** -0.029%** -0.031%** -0.029%** -0.025%* -0.021%* -0.021%* -0.02*
(0.014) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.012) (0.012) (0.012) (0.012)
2 -0.001 -0.015 -0.023 -0.02 -0.023 -0.023 -0.031%** -0.037** -0.041%* -0.037** -0.033**
(0.024) (0.021) (0.018) (0.016) (0.015) (0.015) (0.015) -0.015 (0.015) (0.015) (0.015)
3 -0.05 -0.002 -0.005 -0.018 -0.018 -0.018 -0.014 -0.016 -0.019 -0.03* -0.038**
(0.040) (0.029) (0.027) (0.025) (0.023) (0.022) (0.020) (0.018) (0.017) (0.017) (0.018)
Observations 1.206 1.411 1.669 1.937 2.180 2.437 2.675 2.946 3.244 3.513 3.846

Notes: Same notes as Appendix Table 6 apply.



Online Appendix B Table 9 - Infant Mortality around 1500 grams with Twins and Sibling Fixed Effects

Twins Sample Siblings Sample

Fixed effects: OLS: Fixed Effects: Fixed effects: OLS: Fixed Effects:
Gestational Gestational Gestational Gestational Gestational Gestational

Mortality esitmates Age<32 age >= 32 age >= 32 Age<32 age >= 32 age >= 32

weeks weeks weeks weeks weeks weeks
Chile (1992-2007)
Birth Weight<1500 0.185 -0.218%** -0.307* 0.0934 -0.165%** -0.162*
(0.120) (0.0716) (0.153) (0.510) (0.0530) (0.0914)
Mean of dependent variable 0.114 0.0732 0.0732 0.132 0.0605 0.0605
Observations 737 164 164 5,154 248 248
Norway (1980-1993)
Birth Weight<1500 -0.080 -0.053 -0.062 -0.009 -0.071 -0.098
(0.111) (0.118) (0.102) (0.107) (0.044) (0.088)
Mean of dependent variable 0.086 0.042 0.042 0.097 0.047 0.074
Observations 234 144 144 269 214 214

Std errors clustered at the gram level
* significant at 10%; ** significant at 5%, *** significant at 1%

Notes: Standard regression notes on covariates and weighting apply.

Online Appendix B Table 10 - Discontinuity at 1500 grams Sequentially adding covariates

Infant Mortality 1 2 3 4 5 6 7
Chile (cohorts 1992-2007)
Birth Weight<1500 -0.0402** -0.0402** -0.0418*** -0.0421** -0.0449** -0.0512%** -0.0572%*
(0.0169) (0.0164) (0.0118) (0.0163) (0.0181) (0.0198) (0.0305)
Observations 6,771 6,771 5,682 5,682 5,129 5,129 1,847
. 34100 gram 5+Municipalit .
Covariates included 1+ clustering 2+ trlgngular heap fixed 4+covariates y of birth _6+Hosp|ta|
weights ) fixed effectrs
effect fixed effect
Norway (cohorts 1980-1993)
Birth Weight<1500 -0.041** -0.041** -0.054*** -0.034%** -0.031%** -0.047*** -0.024**
(0.017) (0.017) (0.019) (0.012) (0.013) (0.016) (0.012)
Observations 2.437 2.437 2.437 2.437 2.437 2.437 2.416
. 34100 gram 5+Municipalit .
Covariates included 1+ clustering 2+ triangular heap fixed 4+covariates y of birth 6+Hospital

weights fixed effectrs

effect fixed effect

* significant at 10%; ** significant at 5%, *** significant at 1%

Notes: 100 gram window in Chile, 200 gram window in Norway. Covariates in column 5 are: Year and region/county of birth fixed effects, Mother's
age, education and marital status, type of birth service and sex. Hospital IDs only available from 2001-2006 in Chile.



Online Appendix B Table 11 - School performance around 1500 grams by different

Gestational Ages

Chile math scores (1992-2002) Only 30 and  Only 32 and 33

Only 33 and 34

31lweeks weeks weeks
Classroom grades
Birth Weight<1500 0.0236 0.1225 0.2130**
(0.095) (0.083) (0.106)
Mean of dependent variable -0.167 -0.122 -0.153
Observations 1,646 1,550 1,221

Norway test scores (1986-1993) Only 30 and  Only 32 and 33

Only 33 and 34

31weeks weeks weeks
Birth Weight<1500 -0.149 0.145 0.393**

(0.254) (0.194) (0.165)
Mean of dependent variable 0.013 -0.088 -0.121
Observations 491 459 409

Std errors clustered at the 10 gram level
* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: Standard regression notes from Table 3 in the paper apply.



Online Appendix B Table 12 - Other covariates examined at 1500 grams

Mother Mother - -
Covariates for sub samples Mother's Age attended attended high Mother Birth Mother Non twin birth APGAR1 . Ln(fam|l_y
married Employed income) birth
college school
Chile (mortality sample: 1992-2007)
Birth Weight<1500 -0.299 0.0425 0.0576%* 0.0157 0.0644 -0.00309 NA NA
(0.438) (0.0421) (0.0306) (0.0239) (0.0423) (0.0303)
Mean of dependent variable 28.06 0.190 0.545 0.475 0.308 0.807
Observations 5,129 5,129 5,129 5,129 5,125 5,129
Norway (mortality sample: 1980-1993)
Birth Weight<1500 -0.119 -0.039 0.024 -0.009 -0.042 -0.003 0.076 0.064
(0.496) (0.031) (0.047) (0.029) (0.044) (0.026) (0.262) (0.064)
Mean of dependent variable 27.08 0.292 0.416 0.611 0.620 0.776 7.20 12.04
Observations 2.468 2.468 2.468 2.468 2.468 2.468 2.405 2.416

* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: 100 gram window on either side of 1500 grams used in Chile and 200 gram window on either side of 1500 grams used in Norway. No covariates are
included in regressions. Linear slopes on each side of 1500 grams and triangular weights are used. Standard error clustered at the gram level. Chile data uses

cohorts 1992-2007 and Norway data uses cohorts 1980-1993.

Mother Mother - -
Covariates for sub samples Mother's Age attended attended high Mother Birth Mother Non twin birth APGAR1 . Ln(fam|l_y
married Employed income) birth
college school
Chile (Hospital days sample)
Birth Weight<1500 1.097 -0.0299 0.120 -0.0169 0.0860 -0.0413 NA NA
(1.025) (0.0492) (0.0845) (0.0952) (0.105) (0.0613)
Mean of dependent variable 27.55 0.181 0.565 0.451 0.295 0.819
Observations 386 386 386 386 386 386
Chile (SIMCE Sample)
Birth Weight<1500 1.549 0.0393 0.0717 0.0372 0.0412 -0.0258 NA NA
(1.101) (0.0335) (0.0735) (0.0434) (0.0508) (0.0484)
Mean of dependent variable 27.96 0.171 0.565 0.556 0.299 0.779
Observations 1,463 1,463 1,463 1,463 1,461 1,463

* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: 100 gram window on either side of 1500 grams used in Chile and 200 gram window on either side of 1500 grams used in Norway. No covariates are
included in regressions. Linear slopes on each side of 1500 grams and triangular weights are used. Standard error clustered at the gram level. Chile data uses

cohorts 1992-2007 and Norway data uses cohorts 1980-1993.

Covariates from SIMCE 4th grade survey Incomfe Has PC Has a Car  Has a Shower Has a Color
Percentile v
Chile (simce schooling sample)
Birth Weight<1500 3.268 0.0651 0.00958 0.0294 0.0139
(4.783) (0.0503) (0.0714) (0.0310) (0.0342)
Mean of dependent variable 49.22 0.454 0.389 0.950 0.952
Observations 1,302 1,349 1,292 1,292 420

* significant at 10%; ** significant at 5%; *** significant at 1%

Notes: 100 gram window on either side of 1500 grams used. Data from 4th grade SIMCE surveys. Standard errors
clustered at the gram level. Income is in percentiles.



Online Appendix B Table 13 - Flexible Heaps

Flexible 10 Flexible 50 gram

gram heaps heaps
Chile - Test scores
Birth weight <1500 grams 0.153*** 0.153***
(0.0567) (0.0558)
Observations 2,877 2,877
Norway - Exam
Birth weight <1500 grams N/A 0.230%**
(0.0847)
Observations 1.163

*** p<0.01, ** p<0.05, * p<0.1

Notes: Standard regression notes apply (see Table 3 from paper
for example). Additional covariates include linear trends
interacted with a dummy for heaping at 10 grams and 50 grams
as column headings indicate.



Online Appendix B Table 14 - Examining Cutoffs on Test Score between 1100-3000 grams

Chile Simce Score Norway: 10th grade national exam
Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on
1100 2100 -0.0400 1100 0.434 2100 0.101**x*
(0.0354) (0.447) (0.033)
1200 0.375%* 2200 -0.0131 1200 0.193 2200 -0.101
(0.215) (0.0479) (0.342) (0.077)
1300 -0.0558 2300 0.00522 1300 0.196 2300 0.090*
(0.215) (0.0302) (0.233) (0.048)
1400 0.165 2400 0.0228 1400 0.058 2400 0.061
(0.131) (0.0264) (0.156) (0.044)
1500 0.135 2500 0.0113 1500 0.476%** 2500 0.032
(0.0906) (0.0186) (0.097) (0.055)
1600 -0.0685 2600 0.0101 1600 0.102 2600 -0.135%*
(0.0955) (0.0239) (0.119) (0.048)
1700 -0.0399 2700 -0.0212 1700 -0.084 2700 -0.058%*
(0.116) (0.0181) (0.108) (0.032)
1800 -0.0692 2800 0.00239 1800 0.011 2800 -0.067**
(0.0622) (0.0152) (0.158) (0.028)
1900 0.0285 2900 0.0150 1900 0.107 2900 0.034
(0.0902) (0.0212) (0.062) (0.034)
2000 -0.00482 3000 0.00757 2000 0.087 3000 0.029%**
(0.0460) (0.0130) (0.076) (0.012)
Std errors clustered at the gram level for Chile, 10 gram level for Norway
* significant at 10%; ** significant at 5%; *** significant at 1%
Notes: For Chile: 100 gram window and same details as Appendix Table 5
Chile Hospital Days - Quantile Regressions at Median Norway: NICU Admission
Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on Cutofff point Coefcfl'_lctf;t on
1100 -4,858%** 1100 1100 0.137 2100 -0.021%*
(0) (0.138) (0.011)
1200 -2.026 1200 1200 0.065 2200 0.009
(9.605) (0.062) (0.014)
1300 2.895 1300 1300 -0.069 2300 0.018**
(6.723) (0.043) (0.008)
1400 -2.078 1400 1400 -0.077 2400 -0.004
(2.429) (0.046) (0.006)
1500 3.976%* 1500 1500 0.142%* 2500 0.011%**
(1.600) (0.056) (0.005)
1600 -0.513 1600 1600 0.006 2600 0.005
(1.444) (0.043) (0.005)
1700 0.736 1700 1700 -0.008 2700 -0.002
(1.047) (0.021) (0.005)
1800 -0.244 1800 1800 -0.006 2800 0.006
(1.010) (0.031) (0.004)
1900 -0.0453 1900 1900 0.007 2900 0.000
(0.815) (0.022) (0.003)
2000 -0.539 2000 2000 -0.035%* 3000 -0.001
(0.861) (0.017) (0.001)

Std errors clustered at the gram level for Chile, 10 gram level for Norway
* significant at 10%; ** significant at 5% *** significant at 1%
Notes: For Chile: 100 gram window and same details as Appendix Table 5



Online Appendix B Table 15: Examining math scores discontinuity at windows ranging from 30-500 grams on either side of 1500 grams

Window 30 40 50 60 70 30 90 100 110 120
Birth weight <1500 0.286%**%  0.240%%*  (0.172%%* 0.122%* 0.117%* 0.131%%%  0.134%%%  Q.131%%%x  (.117%%%  0.106%%*
(0.0687) (0.0447) (0.0548) (0.0523) (0.0508) (0.0491) (0.0470) (0.0447) (0.0419) (0.0402)
Constant S0.381%%%  -0.357%%%  -0.319%k%  _0,307%¥*  -0.274%%%  -0.289%%*  -0.310%F*  -0.319%%%  -0.307%**%  -0.208%**
(0.0920) (0.0950) (0.0967) (0.0901) (0.0887) (0.0902) (0.0930) (0.0960) (0.0969) (0.0997)
Observations 804 1,076 1,350 1,800 2,057 2,320 2,646 2,877 3,529 3,753
R-squared 0.075 0.064 0.054 0.047 0.041 0.038 0.035 0.034 0.031 0.030
110 120 130 140 150 160 170 180 190 200
Birth weight <1500 0.117%%%  0.106%**  0.0957**  0.0942**  0.0885%*  0.0833*%*  0.0783**  0.0733%*  0.0693** 0.0646*
(0.0419) (0.0402) (0.0383) (0.0371) (0.0364) (0.0360) (0.0356) (0.0351) (0.0345) (0.0339)
Constant S0.307%%%  -0.208%**  -0.286%F*  -0.277%¥%  -0.266%* -0.264%* -0.261%* -0.258%* -0.263%* -0.263%*
(0.0969) (0.0997) (0.102) (0.103) (0.105) (0.105) (0.104) (0.103) (0.102) (0.102)
Observations 3,529 3,753 4,148 4,430 4,740 5,202 5,499 5,781 6,111 6,386
R-squared 0.031 0.030 0.029 0.028 0.027 0.026 0.025 0.025 0.024 0.024
210 220 230 240 250 260 270 280 290 300
Birth weight <1500 0.0615* 0.0597* 0.0587* 0.0573* 0.0572* 0.0561* 0.0561* 0.0563* 0.0569* 0.0578*
(0.0331) (0.0326) (0.0321) (0.0317) (0.0314) (0.0311) (0.0308) (0.0305) (0.0303) (0.0300)
Constant S0.262%%%  S0.265%**%  -0.267%F%  -0.269%¥*  -0.269%%%  -0.272%F*  -0.274%F*  _Q273FFk  _0273KKK  -0.272%F*
(0.100) (0.0995) (0.0985) (0.0975) (0.0965) (0.0952) (0.0941) (0.0930) (0.0920) (0.0911)
Observations 7,115 7,382 7,796 8,120 8,461 9,071 9,448 9,791 10,217 10,499
R-squared 0.023 0.023 0.022 0.022 0.022 0.022 0.022 0.022 0.021 0.021
310 320 330 340 350 360 370 380 390 400
Birth weight <1500 0.0587**  0.0585%*  0.0586*%*  0.0595%*  0.0606%*  0.0613**  0.0621%*  0.0629%*  0.0631%*  0.0629%*
(0.0297) (0.0294) (0.0292) (0.0290) (0.0288) (0.0286) (0.0284) (0.0282) (0.0281) (0.0279)
Constant S0.270%%%  -0.268%**  -0.267%F%  -0.267%¥*  -0.266%**  -0.266%%*%  -0.265%F*  -0.264%%¥%  -0.262%**%  -0.259%*x
(0.0899) (0.0888) (0.0876) (0.0865) (0.0855) (0.0843) (0.0831) (0.0820) (0.0810) (0.0799)
Observations 11,410 11,764 12,241 12,627 13,067 13,819 14,256 14,663 15,182 15,541
R-squared 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
410 420 430 440 450 460 470 480 490 500
Birth weight <1500 0.0627*%  0.0629%*  0.0632%*  0.0632**  0.0630%*  0.0627**  0.0625%*  0.0621%*  0.0618%*  0.0614%*
(0.0277) (0.0275) (0.0274) (0.0272) (0.0271) (0.0269) (0.0267) (0.0266) (0.0265) (0.0264)
Constant S0.257%%%  L0.256%**  -0.254%k%  _0.253%kx  _Q251R¥k  _Q250%KF  -0.240%K*  _Q247%FK  _0.246%**  -0.244%*x
(0.0788) (0.0776) (0.0765) (0.0754) (0.0743) (0.0732) (0.0721) (0.0711) (0.0700) (0.0690)
Observations 16,650 17,065 17,627 18,089 18,654 19,646 20,197 20,743 21,495 21,964
R-squared 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021

Notes: Regressions use same specifications as those used in Table 3 of the paper. Observations with gestational age >=32 weeks in the sample. Triangular weights for
each window lenth used. Results for Chile.



Online Appendix B Table 16 - Mortality around 1500 grams by Gestational Age for Schooling
Sample

Chile: Birth cohorts 1992-2002 All gestational Gestational age Gestational age

ages >=32 weeks < 32 weeks
Infant Mortality (death within 1 year of birth)
Birth Weight<1500 -0.0333* -0.0448%* -0.0190
(0.0173) (0.0251) (0.0276)
Mean of dependent variable 0.133 0.122 0.147
Observations 6,160 3,460 2,700
Neonatal Mortality (death within 28 days of birth)
Birth Weight<1500 -0.0266 -0.0362 -0.0130
(0.0162) (0.0265) (0.0228)
Mean of dependent variable 0.101 0.0948 0.109
Observations 6,160 3,460 2,700
24 hour Mortality (death within 24 hrs of birth)
Birth Weight<1500 -0.0234** -0.0307** -0.0147
(0.00971) (0.0136) (0.0140)
Mean of dependent variable 0.0372 0.0434 0.0293
Observations 6,160 3,460 2,700

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Window of 100 grams on either side of 1500 grams used for Chile and window of 200 grams on
either side of 1500 grams used for Norway. Regression controls for mother's age, education and
marital status, year of birth and region/municipality of birth fixed effects, type of birth service and 100
gram heap fixed effect. Linear slopes on either side of 1500 grams are included and regression is
weighted using triangular weights. Standard errors are clustered at the gram level. For details on the
construction and availability of the dependent variable, please see Section 4 and Section 5 of the
paper.



Online Appendix B Table 17 - Treatments around 1500 grams

Chile - Number of days spent in hospital when observed

within "X" days of birth, above 32 week gestational age 30 60 90 120 150 180

sample

Birth Weight<1500 3.976%** 0.208 2.650 4.351%* 4.035%* 3.213**
(1.600) (2.060) (2.824) (2.266) (1.902) (1.522)

Observations 449 509 552 575 586 602

General table note: Window of 100 grams on either side of 1500 grams used. Regression controls for mother's age, education and marital status,
year of birth and region/municipality of birth fixed effects, type of birth service and 100 gram heap fixed effect. Linear slopes on either side of 1500
grams are included. For details on the construction and availability of the dependent variable, please see Section 4 and Section 5 of the paper. Due
to some outliers driving the results in small sample sizes in Chile, reported regressions are quantile regressions evaluated at the median.

Online Appendix B Table 18 - Infant mortality and hospital type in Chile

Chile

. . . . . . Public Public
All births with gestational age >=32 weeks; Birth cohorts Public Private Hospitals Hospitals
(2001-2006) Hospitals Hospitals . without a

with a NICU

NICU

Birth Weight<1500 -0.0746** 0.0143 -0.0819* -0.0670
-0.0344 -0.0892 -0.0459 (0.0483)

Mean of dependent variable 0.0797 0.0899 0.0783 0.0813

Observations 1.569 278 843 726

* significant at 10%; ** significant at 5%, *** significant at 1%

Notes: Window of 100 grams on either side of 1500 grams used. Regression controls for mother's age, education and
marital status, year of birth and region/municipality of birth fixed effects, type of birth service and 100 gram heap
fixed effect. Linear slopes on either side of 1500 grams are included and regression is weighted using triangular
weights. Standard errors are clustered at the gram level. Hospital ID is only available for birth cohorts 2001-2006.
Hospital names starting with "Clinic" are classified as private hospitals, while names starting with "Hospital" are
considered public. NICU availability is obtained from a document published by the Ministry of Health (MINSAL):
"Recin nacidos con < de 32 semanas en la red pblica de salud de Chile. Quinque- nio 2000-2004"
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