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Abstract

This paper studies the effect of improved neonatal health care on mortality and

long run academic achievement in school. We use the idea thatmedical treatments

often follow rules of thumb for assigning care to patients, such as the classification of

Very Low Birth Weight (VLBW), which assigns infants specialcare 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 gradesin 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 earlychildhood health care on mor-

tality and long run academic achievement in school. Using administrative data on vital

statistics and education records from Chile and Norway, we provide evidence on both the

short and long run effectiveness of early life health interventions. The question of whether

such interventions affect outcomes later in life is of immense importance for policy not

only due to the significant efforts currently being made to improve early childhood health

world wide, but also due to large disparities in neonatal andinfant health care that remain

between (and within) countries.1 While the stated goal of many such interventions is to im-

prove childhood health and reduce mortality, understanding spillovers and other long run

effects such as better academic achievement is key to estimating their efficacy.

Beyond the immediate policy relevance of this question, examining the role of early life

health interventions in explaining academic achievement is also important because it high-

lights the role of health and social policy more generally inthe education production func-

tion. The recent literature on educational production functions tends to find that a large

part of the variation in educational outcomes is explained by students’ individual “initial

conditions” (Almond & Currie 2010, Heckman & Masterov 2007). Successful early life

health interventions would suggest that initial conditions of students are not only a function

of family and individual choices, but also of public policies such as health care.2 As we

show in this paper, the fact that treatments soon after birthmake a difference for schooling

outcomes later on suggests that the observed heterogeneityin educational outcomes can in

part be explained by heterogeneity in health care beginningat birth. By focusing on the

role of health care policy, such as the introduction of standardized neonatal care in Chile

or the widespread use of surfactant in Norway starting in the1990’s, we underscore the

importance of early life health care as a way to improve test scores and potentially lower

inequalities in achievement.

A growing literature in economics suggests that interventions during early childhood mat-

ter for later life outcomes. Papers have examined the role ofchild care (Havnes & Mogstad

1World Health Report (2005) documents the persistent gaps inprovision of care which consequently leads
to largely avoidable deaths of over 4 million babies before they reach the age of 28 days and half a million
mothers at childbirth. This is considerably more than the number of infant deaths caused by malaria and
AIDS together.

2For example, Hoynes, Page & Stevens (2011) find that WIC programs led to better birth outcomes.
An excellent reference on this is Currie (2006) where examples from many well known public safety net
programs and their impact on child well being is discussed.
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2011), pre-school and kindergarten related interventions(Heckman et al 2010, Chetty et

al 2011) and welfare programs (Almond, Hoynes & Schanzenbach 2010, Currie 2006) in

determining later life economic outcomes. While the literature on health and education has

documented the effects of several contemporaneous health interventions and their impact

on educational outcomes,3 there are few studies in economics that causally link early child-

hood health interventions to academic performance later inlife.4 One example is Field,

Robles & Torero (2009), who present evidence that children born to mothers subjected to

an iodine supplement program while pregnant complete more years of schooling in Tanza-

nia. A recent working paper by Chay, Guryan & Mazumder (2009)relates the narrowing of

the black-white test score gap in the US to improved health access for blacks during infancy

after the Civil Rights Act. We contribute to this literatureby providing causal evidence on

the effect of improved neonatal health care on mortality andacademic achievement using

administrative data from two countries.

The challenge in examining the causal effect of health interventions is that they are gen-

erally not administered randomly. Hence, infants who receive special medical attention

may differ along various other dimensions that affect mortality and school performance.

To get around such confounding factors, we take advantage ofrules and recommendations

for administering medical care to children who are born withVery Low Birth Weight status

(VLBW - birth weight less than 1500 grams). Following Almondet al. (2010), the un-

derlying assumption is that an infant born with a birth weight of 1490 grams is essentially

identical to an infant born with a birth weight of 1510 grams,except for the extra medical

attention that the lower birth weight infant might receive.At these close margins, the role

of confounding factors is mitigated and inference can be carried out at least locally via a

regression discontinuity design.

Rules and recommendations regarding VLBW births appear to be quite salient in many

countries. In guidelines published by the Ministry of Health in Chile, the medical rec-

ommendations for children born below 1500 grams (or below 32weeks of gestation) are

3A small sampling of these studies are Miguel & Kremer (2004),Bleakley (2007), Behrman (1996), and
Glewwe, Jacoby & King (2001). In the seminal work on educational externalities of health interventions by
Miguel & Kremer (2004), the intervention examined is contemporaneous with school outcomes.

4We differentiate ourselves from the literature examining the role of early childhood shocks (in utero
or otherwise, see for example Maccini & Yang (2009)) becausewhile we might know that endowments or
shocks matter for later life outcomes, this does not imply that treatments can remedy those assaults. Our
paper is concerned with understanding whether treatments matter for long run outcomes. Several papers that
document the importance of early childhood health and laterlife outcomes are Black, Devereux & Salvanes
(2007), Currie (2011) and Conti, Heckman & Urzua (2010).
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explicitly stated and eligibility for several publicly funded treatments are determined by

birth weight and gestational age. In Norway, a survey of 19 ofthe largest neonatal units

revealed such cutoffs to be one of the main criteria for assigning care (Skranes, Skranes &

Skranes 2000). We focus in particular on the birth weight cutoff which is measured at the

gram interval in both Chile and Norway and compare children just under and over 1500

grams to examine differences in outcomes as a result of extramedical treatments.

Results from both countries strongly support the idea that children below the 1500 gram

cutoff receive extra medical attention and that this results in significantly lower mortality

and better performance in school. In Chile, children born just below the cutoff have around

4.4 percentage point lower infant mortality (death within 1year of birth). While slightly

smaller in magnitude, we find statistically significant effects on mortality in Norway as

well. Following the same children through school from first to eighth grade in Chile, we

find that those born just below the cutoff perform 0.15 standard deviations (SD) better in

math than children born just above the cutoff. In Norway we find a slightly larger effect

of 0.22 SD using national exams taken in 10th grade. In both countries, we are able to

examine a specific policy initiative of administering surfactant therapy to newborns. Using

the timing of the policy together with the regression discontinuity framework described

above, we find suggestive evidence that the introduction of this treatment augmented the

effect of being just below the cutoff, lowering mortality and raising academic outcomes

even more.

Our results are robust to standard regression discontinuity checks and additional checks

relevant to the cases with potential non-random heaping at certain round integer values.5

We also have a unique internal check to ensure that our results are not driven by non random

heaping at or around 1500 grams. As mentioned earlier, the rules and recommendations in

Chile (and to a large extent in Norway as well) explicitly mention a 32 week gestational

rule: all children (regardless of birth weight) below 32 weeks of gestation are eligible for

treatments. If heaping or rounding associated with socioeconomic characteristics were an

important driver of the results, we would expect to find this to be true for the sample below

32 weeks in age as well as above. However we find that birth weight cutoffs play no role

in determining mortality or test scores for children who were born with less than 32 weeks

of gestation.

5This is particularly a problem when birth weight is measuredin grams as well as ounces (Umbach 2000,
Barreca et al. 2011). However, in both Chile and Norway, birth weight is always measured in grams which
helps mitigate some of the problems identified in this literature. We explore these issues in detail in Section
5 and an Online Appendix.
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2 VLBW births in Chile and Norway

Health care in Chile is primarily funded by the public systemwhich consists of 29 regions,

each which has at least one hospital equipped for providing specialized care to VLBW in-

fants (and other infants who need advanced care) in a Neonatal Intensive Care Unit (NICU).

In 1991 a national committee of Chilean neonatologists set uniform standards for care and

equipment at all NICUs in the country. Gonzalez et al. (2006)point out that, “A protocol

has been implemented at the national level to regulate the referral of neonates who are born

in hospitals without a NICU to the regional hospitals. Therealso arestandardized proto-

cols for the treatment of newborns who weigh less than 1500g and for cases of respiratory

distress syndrome” (emphasis added). Between 1992 and 2000, 99% of births occur under

skilled care (doctor or midwife), approximately 68% of births occur in hospitals with a

NICU, and the number of NICUs in the country did not change.6

Publications by the Ministry of Health in Chile list the numerous medical recommendations

to be administered to children who are born with a weight of less than 1500 grams and/or

less than 32 weeks in gestational age.7 One of the most well known programs introduced for

VLBW births in Chile was the national surfactant program which began in 1998. Under this

program artificial lung surfactant is used to treat respiratory distress syndrome in VLBW

infants. Many public health articles on Chile’s infant and neonatal mortality credit this

program with reducing mortality rates among VLBW infants inChile (e.g., Gonzalez et al.

(2006) and Jimenez & Romero (2007)).8 Several public neonatal health care programs that

were introduced later went even further and not only recommended treatments for births

under the cutoff but made VLBW status an explicit requirement for program eligibility. For

example,PNAC prematurois a program introduced in 2003 which provides specialized

nutritional supplements and has its eligibility determined exclusively by the cutoff birth

weight and gestational age. A larger public health care expansion introduced in 2005 called

AUGE, provided additional neonatal examinations and treatments determined again by the

same cutoffs mentioned above.9

6For a review of neonatal care in Chile, its implementation during the 1990s in Chile and evaluation in
the public health literature see Gonzalez et al. (2006) and Palomino, Morgues & Martinez (2005).

7A website maintained by the Committee of Neonatologists in Chile provides extensive information and
recommendations for the care of premature births (www.prematuros.cl).

8A manual with recommendations on how to treat and monitor premature births was published in 1999
with the title including the 1500g cutoff and 32week gestational period again signaling the importance of the
cutoff. This is available in PDF form from the authors.

9These include i) screening for Retinopathy of Prematurity (ROP), which helps avoid blindness, ii) screen-
ing and followup treatment for Sensorineural Hearing Loss (SHL), and iii) treatment for Bronchopulmonary
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In Norway, prematurity is defined as births of birth weight below 2500 grams or less than

37 weeks of gestational age. This category is again divided into subgroups which follow

the WHO recommendations of very low birth weight (VLBW) of less than 1500 grams

or less than 32 weeks of gestational age and extremely low birth weight (ELBW) of less

than 1000 grams or less than 28 weeks of gestational age (Markestad & Halvorsen 2007).

Bratlid & Nordermoen (2010) provide a 40 year overview of thetreatment for VLBW

children in Norway and give evidence that the VLBW cutoff wasimportant from the 1980s

and onwards.

The specific recommendations regarding VLBW births begin toappear in documents in the

1980s, several of which specifically state the cutoffs mentioned above (Meberg 1988, Finne

et al. 1988).10 Several recent studies provide direct evidence on the practices in Norwegian

neonatal wards. Bratlid & Nordermoen (2010) report that only 14 percent of children born

below 32 weeks of gestational age in 1970 received respiratory treatment and only half of

them survived; however by the 1980s these treatments had become more commonplace.

At the end of the 1980s 75 percent of children born below 32 weeks of gestational age or

below 1500 grams received respiratory treatment and beginning in 1989, surfactant became

common practice in the care of VLBW children in all hospitalsin Norway (Saugstad 2010).

Skranes, Skranes & Skranes (2000) surveyed all the main neonatal wards in Norway andall

hospitals that responded to the survey listed less than 1500grams as their main indicator

for having children in extra treatment and follow-up programs. While other factors also

determine care, VLBW is the only one common across all neonatal wards. Similar to

Chile and the US, there are numerous medical publications that recommend treatments for

children less that 1500 grams and/or less than 32 weeks (Klingenberg et al 1998).

These policies and recommendations show a general trend in which the medical community

in Chile and Norway give special importance to the births below the weight of 1500g. In

sum, it appears that the “rules of thumb”, as mentioned in Almond et al (2010), are very

much present in the Chilean and Norwegian context. In Section 5, using hospital level data

from both countries, we directly provide evidence for discontinuity in treatments around

1500 grams for children greater than 32 weeks of gestationalage.

Dysplasia (BPD) which is a chronic lung disease common in VLBW births.
10For example Haugen & Markestad (1997) specifically state, “At the neonatal intensive care unit, Hauke-

land Hospital, University of Bergen, all infants born in theperiod 1/1/89-31/12/93 with birth weight less than
1500g or gestational age less than 32 weeks were examined forROP if they still remained in the hospital 4 -
5 weeks after birth.”
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3 Economic and Empirical Framework

We model birth weightBWi of an individuali as a noisy signal of initial health at birthHi,

which is unobserved to the econometrician.Di represent the collection of hospital inputs

that newborns receive at hospitals. These treatments are assumed to depend on a decreas-

ing function of health at birth,g(Hi), and a random componentvi. However, due to the

behavior of midwives, doctors and clinics regarding the needs of very low weight births,

there is a discontinuous break in treatments provided at a point in the birth weight distribu-

tion c. Given the evidence presented in the previous section, we can think of the amount of

treatment as shifted upwards by some discrete amountκ below the cutoffc.

BWi =Hi + ei Birth weight and initial health (1)

Di =g(Hi) + κ · 1[BWi < c] + vi Additional initial medical care (2)

In this framework, treatmentsDi will be correlated with the unobserved health compo-

nent not captured by birth weight throughg(Hi), thus confounding direct inference that

conditions on birth weight. A regression discontinuity framework helps identify the role

of medical treatments at the cutoffc. We adopt this approach following Lee & Lemieux

(2010a) and estimate variants of the following equation for different outcome variables

yi:

yi = f(BWi − c) + α · 1[BWi < c] +Xiβ + εi (3)

wheref(·) is a polynomial in the distance from the cutoff,Xi is a vector of covariates, and

εi is an error term. Threshold crossing will induce a discrete jump in treatment∆Di = κ

which will be uncorrelated with other determinants of outcomeyi.

While a regression discontinuity framework generates randomization of preconditions across

the treatment thresholdc, behavior of post-hospital investments can potentially beinflu-

enced by treatment. Thus the interpretation of the estimated coefficients should consider

the possible role of parental or other non-hospital inputs that may react to treatment, and

which can amplify or reduce the effect of medical interventions on measured long run out-

comes. For example, academic achievement has a long horizon, allowing for post-hospital

investments to respond to initial treatmentD over time. To make this idea more precise,

let Ipostt (H,D, ζ) represent all accumulated investments up to periodt, and be a function

of initial health, treatment at birth, and a vector of all subsequent shocks to health or ed-

ucational abilityζ . Let academic achievement be determined by initial conditions and the
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accumulated effects of all subsequent inputs as in Todd & Wolpin (2007):

Ait =φtHi + ψtDi + ϕtI
post
t (Hi, Di, ζi) +Xitβt + ǫit Academic Achievement att (4)

whereAit is the academic outcome for childi at timet. A regression discontinuity approach

will help solve the problem of non random assignment ofDi at least locally. However, this

framework also makes explicit that post-hospital investments may react to treatments and

that the estimated coefficientα from the regression discontinuity inEquation 3will reflect

the combination of the effect of initial treatment and the reinforcing or countervailing effect

of later investments. Specifically, we can write the following expression for the coefficient

of interest from the regression discontinuity estimation from Equation 3:

α̂ = ψt · κ+ ϕt ·∆I
post
t (c)

whereψt·κ is the structural effect of additional treatments at birth on academic achievement

in t and∆Ipostt (c) is the difference in average post hospital investments children will receive

as a consequence of obtaining additional treatment at the cutoff. The estimated coefficient̂α

should thus be interpreted as the total policy relevant effect of the increased medical care at

this margin, which may include any possible reaction by postinvestments. In our empirical

analysis we attempt to gauge how important post investmentsmay be. We observe different

sources of parental investments: time use surveys, qualityof child care and school, timing

of the mother’s return to the labor force etc., and study how these vary across the cutoff to

search for evidence of differential post investments.

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

composition of children who survive to school age will also be affected. We deal with the

composition bias in two ways. First, we assign counterfactual scores to children who died

above the cutoff and examine the percentiles at which these children would have to score

to nullify our results. The idea is to test how well children who died above the cutoff would

have had to perform to smooth out our discontinuity in test scores. Second, we compute

Lee (2008) bounds that specifically account for this type of attrition. These results are

presented in section 5.

We estimateEquation 3using triangular weighted OLS within a window around the cutoff,

and report the coefficients with robust standard errors clustered at the gram level (Card &

Lee 2008). Since the cutoffs are only valid for births greater than or equal to 32 weeks
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in gestational age, we estimateEquation 3separately for births below and above the ges-

tational age cutoff. For births below 32 weeks in gestational age, we expect to see no

discontinuity in outcomes.11 We examine mortality using a similar specification.

We primarily use a window of 1400-1600 grams for this study. In section 5, we explore

the sensitivity of our results to a wide range of windows and polynomials on either side

of 1500 grams. To keep the set of covariates consistent across countries, we control for

maternal characteristics (education, age and marital status), type of birth service (doctor or

midwife), birth region (in the case of Norway we use county),sex and year of birth. We

control for heaping at the 1500 gram point as suggested by Barecca et al (2011) in both

regressions and graphical analysis. While these controls form the basis of our preferred

specification, in section 5 we explore a variety of issues, some common to RD designs and

some specific to our context of examining birth weight as a running variable.

4 Data

4.1 Chile

The data we use from Chile comes from matching the populationof births between 1992-

2007 to death certificate data for the same years and test score and transcript records be-

tween 2002-2010. As most children in the later years of the data are too young to be

observed in school, we use births between 1992-2002 for our main sample and concentrate

on academic achievement between 1st and 8th grade. The data on births and deaths come

from administrative records provided by the Health Ministry of the Government of Chile

(MINSAL). The data with valid identification accounts for 99% of all births and deaths in

published aggregate figures (Online Appendix Table 1). Thisdataset provides data on the

sex, birth weight, birth length, weeks of gestation and several demographic characteristics

of the parents such as the age, education and occupational status. In addition, the dataset

provides a variable describing the type of birth, be it a single birth, double (twins), triple

(triplets), etc. Focusing on births of weight within the relevant window of 1400 grams to

1600 grams, we see that mothers in this part of the birth weight distribution are surpris-

11A general concern with the approach of dividing the sample into less than and greater than 32 weeks
of gestational age is that the problems faced by VLBW children of greater gestational age (for example,
these children might be Small for Gestational Age) could be different from that faced by children of lesser
gestational age. In order to directly examine children closer together in gestational age, Online Appendix
Table 11 reproduces some of the main results using gestational age of 30, 31, 33 and 34 weeks. The results
are very similar using this restricted sample.
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ingly similar to the average mother. They have similar education levels, age, and are only

slightly less likely to be married at the time of birth. However 17% of births in this range

are multiple, which is much higher than the population average of 1.8%. Births in this low

birth weight window are also more likely to be attended by a doctor (54.9%) instead of a

midwife (44.3%), (Online Appendix Table 2).

We observe 4.02 million births between 1992 and 2007, out of which 0.9% (approximately

35,000 births) are observed to be below 1500 grams in birth weight and are considered

VLBW. Within the bandwidths we examine in this paper (between 1400 and 1600 grams)

we observe 12,247 births. Among these, 6782 births are for infants who are equal to or

above 32 weeks of gestation. Dropping observations that aremissing important covariates

such as mother’s education and marital status, and restricting the sample of births to those

with mothers in the age range of 15-43 years leaves us with a sample of 6,109 births. Our

estimating equations use triangular weights which give theend points of 1400 grams and

1600 grams a weight of 0, so that our final estimating sample contains 5,129 observations

for the mortality sample.

The data on academic achievement comes from two sources. Thefirst data set on school

achievement comes from administrative transcript data forthe population of students in

school between 2002 and 2010. This data was made available bythe Ministry of Educa-

tion of Chile (MINEDUC) and covers all students in the country. The detailed transcripts

include grades by subject for each student in a given year. Weconstruct language and math

averages and standardize grades for each student at the school-classroom level and average

across first and eighth grade.12 95% of all births between 1992-2002 are matched to this

measure of their academic success. Using similar restrictions as above (and not counting

the end points of 1400 and 1600 grams), we are left with a sample of 2,877 births above

the gestational age of 32 weeks for regressions involving academic performance. Online

Appendix Table 3 presents the outcome of the merge between vital stats and different ed-

ucational records taking into account the births that have not survived until schooling age.

This measure of academic achievement is useful both becauseit gives the maximum pos-

sible number of observations, and because it also provides ameasure of performance that

is calculated over the entire school year and across severalgrades.

The second source of data is a national test administered to all 4th grade students in Chile

called the SIMCE. We observe test scores for 4th graders in 2002 and yearly from 2005 to

12Alternative measures of academic achievement we study are average GPA, different ways of standardiz-
ing grades and averaging over different grade levels.
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2010 and standardize the scores by cohort. In cohorts that would have been in 4th grade

(based on age), the match rate between vital statistics and 4th grade SIMCE is approxi-

mately 90% for the full distribution but 80% for births in thewindow of birth weight stud-

ied. Online Appendix tables show the details of this merge rate. While providing rich data

on student characteristics, the amount of observations with SIMCE scores in the VLBW

range is limited both because it was administered in years that cover about half the births

between 1992-2002 and because of overall lower match rates due to missing or corrupted

IDs in the SIMCE data. An important consideration here is that the match rates for both,

the administrative data on grades and SIMCE test data show nosignificant discontinuity at

the cutoff of 1500 grams.

4.2 Norway

For Norway, the primary data source is the birth records for all Norwegian births over the

period 1967 to 1993. We obtained this data from the Medical Birth Registry of Norway.

The birth records contain information on year and month of birth, birth weight, gestational

length, age of mother, and a range of variables describing infant health at birth including

APGAR scores,13 malformations at birth, transfer to a neonatal intensive care unit and

infant mortality. We are also able to identify twin births. Using unique personal identifiers,

we match these birth files to the Norwegian Registry Data, a linked administrative dataset

that covers the entire population of Norwegians aged 16-74 in the 1986-2008 period, and

is a collection of different administrative records such asthe education register, the family

register, and the tax and earnings register. These data are maintained by Statistics Norway

and provide information about educational attainment, labor market status, earnings, and a

set of demographic variables (age, gender) as well as information on families.

We can link data on grades from 10th grade to children in the birth files using unique iden-

tifiers. These records are provided directly from the schools to Statistics Norway. Written

and oral exams are administered in the final year of junior high school at the national level

and are externally graded. The written exam could be in either math, Norwegian, or En-

glish, with exam subject is randomized at the school level. The students are informed of

which exams they will take three days before the exam date. The oral exam is a admin-

istered in a quasi-randomly selected subject and is also graded externally. As 10th grade

13APGAR scores are a composite index of a child’s health at birth and take into account Activity (and
muscle tone), Pulse (heart rate), Grimace (reflex irritability), Appearance (skin coloration), and Respiration
(breathing rate and effort). Each component is worth up to 2 points for a maximum of 10.
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is the last of the compulsory years of schooling, the grade obtained on this national test is

important when applying for admission to selective high schools. The grades on this test

range from 1-6. We standardize the tests at the yearly national level. This data is available

for cohorts born between 1986-1993.

As in Chile, mothers in Norway of births in this part of the birth weight distribution are

quite similar to the average, although they are slightly less likely to go to college and be

married. Births in this range are much more likely to be multiple. Between 1300g-1700g,

25% of births were twins or triplets, which is much higher that the population average

of 2.4%. See Online Appendix Table 2 for more characteristics of VLBW births in this

sample.

We observe 460,507 births between 1986 and 1993, out of which0.8% (3,741 births) are

observed to be below 1500 grams in birth weight and are considered VLBW. Within the

bandwidths we examine for Norway (between 1300 and 1700 grams) we observe 2,477

births. Among these 2,477 births about 1,498 births are for infants who are above 32

weeks of gestation (inclusive). More than 72 percent of all births born between 1986-

1993 are matched to their educational records. We loose someobservations due to deaths

(natal, infant and later deaths) and some to missing information on grades (this could be

due to illness, strikes during the exam period, or other reasons for not taking the exams).

Descriptive statistics for a sample is available in Online Appendix.

5 Results

5.1 Treatments

The rules and recommendations for medical treatment of premature births in Chile and

Norway highlight the importance of providing special care for births below 1500 grams or

less than 32 weeks of gestation. Confirming the discontinuity of treatments quantitatively

is difficult given the lack of micro data on hospital inputs. However data on NICU usage

from Norway and hospitalization records from public hospitals for a subset of approxi-

mately 30% of births from 2001-2007 in Chile, provide evidence that is consistent with

differential health treatments across the relevant threshold. We also see that as expected

from description of the discontinuity in section 2, the evidence suggests a break in treat-

ment at 1500 grams for births of 32 weeks of gestation and above, but none for births of 31

weeks and below. This also provides evidence that this shiftis not due to issues associated

with non random heaping.
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Norway

Chile

Figure 1: Treatments around 1500 grams
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Note: Top panel of this figure shows the relationship betweenbirth weight and median days spent in
public hospitals counting all hospitalizations that beginduring the first month of life in Chile. The bottom
panel shows the relationship between birth weight and whether or not the child was admitted to a Neonatal
Intensive Care Unit in Norway. Data from Chile covers cohorts born 2001-2006, Norway data covers cohorts
1980-1993.
General graphing notes: We drop observations at 1500 gram bin from the data while constructing graphs to
be consistent with our regression results that control for the heap at this point. The dark lines are a linear
fit using triangular weights on either side using the micro data. The dots represent averages of 30 gram bins
(approximately 1 ounce) centered at 10 gram intervals. Graphs with different window and bin widths are
presented in the Online Appendix.
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Figure 1shows the relationship between birth weight and days of hospitalization that begin

within the first month of life in Chile and NICU usage in Norway.

Table 1 provides the regression analog of these graphs. Children just below 1500 grams

in Norway are about 14 percentage points (43%) more likely tobe admitted to a NICU,

and children in Chile just below the cutoff are spend around 4days more in the hospital

(over a mean of 28 days).14 The NICU data from Norway, and hospitalization data Chile

are consistent with the idea that a broad set of medical inputs have been applied differen-

tially across the birth weight cutoff of 1500 grams for births that are at least 32 weeks of

gestational length.

5.2 Mortality

Mortality is a relatively short run outcome which additional medical treatment would affect

differentially across the relevant threshold.Figure 2shows infant mortality, defined as

death before the first year of life, in both Chile and Norway. Comparing the different

panels inFigure 2it is clear that most of the impact of being just below the cutoff of 1500

grams is for children who were above 32 weeks of gestational age.

Table 2 estimatesEquation 3and shows the results for infant mortality by gestational age.

We find, as expected, that the 1500 gram cutoff does not seem relevant for children less

than 32 weeks in gestational age in either country. Column 2 indicates that children below

1500 grams are 4.4 percentage points less likely to die within a year compared to children

just above 1500 grams in Chile. Given the low average mortality within this birth weight

range, this is a fairly large effect.15

In Norway, children below 1500 grams are 3.1 percentage points less likely to die within a

year if they are born at or greater than 32 weeks in gestational age. We think these results

are in line with children receiving extra treatments below the cutoff.

14Hospital days is analyzed using a quantile regression at themedian. The reason for this is that the number
of observations are small and there are significant outlierswhich influence the results when using means. We
experimented with other specifications which are presentedin the Online Appendix Table 4 and find the
results are largely consistent. Public hospitals were identified using the name of the institution which was
available for 77% of births in the sample after 2001.

15In the Online Appendix, we show that the mortality effect in Chilean hospitals is most prominent in
public hospitals where one expect stricter adherence to such rules of thumb. In addition, the effect around the
cutoff is greater in hospitals that have a NICU.
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Norway
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Figure 2: Infant Mortality
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Note: This figure shows the relationship between birth weight and infant mortality in Chile and Norway.
Cohorts born between 1992-2007 in Chile, and 1980-1993 in Norway are used for this graph. General notes
from Figure 1 apply.

5.3 Academic Achievement

Whether medical interventions have a lasting impact on human capital can be analyzed by

examining the relationship between academic achievement later in life and birth weight
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around the cutoff.Figure 3presents a visual representation where it is clear that there is

an effect, and that most of the impact of being below the cutoff is for children born with

greater than 32 weeks of gestation in Chile and Norway.

Norway

Chile

Figure 3: School Performance
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Note: This figure shows the relationship between birth weight and standardized math grades, averaged
over grades 1-8 in Chile and nationally standardized test scores (tests are either in math or language) adminis-
tered in 10th grade in Norway. Chilean data consists of cohorts born 1992-2002 and Norwegian data consists
of cohorts born 1986-1993. General figure notes from Figure 1apply.
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Table 3 estimatesEquation 3using school performance as the dependent variable. As be-

fore, these estimates are simply regression analogs ofFigure 3. In Chile, we find consistent

results when looking at different measures of academic achievement such as transcript level

grades in math and language, overall GPA, and scores from a national exam (SIMCE) ad-

ministered in 4th grade.16 Table 3 shows that children below 1500 grams perform around

0.15 SD better in math classes compared to students just above 1500 grams. Appendix

Table 1 shows an analogous result for language. The impact ofbeing below the cutoff on

average GPA from 1st to 8th grade is also positive and significant. As discussed in Section

4, the SIMCE is a national test administered to all 4th graders in Chile on a subsample of

years. Table 3 shows that children born just below the cutoffon average obtain scores that

are 0.13 SD higher, although this is only significant at the 15% level. Note that estimates

using the SIMCE have fewer observations since we observe this test only for children in

4th grade and for less cohorts since the test was administered every year starting in 2005

(we have data until 2010). The general pattern of the resultsfrom the SIMCE however,

appear consistent with our overall results.

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

1986. We use the standardized average of the written and oralportion of the national exam.

Cohort sizes being much smaller in Norway (compared to Chile), Table 3 shows that the

results are sensitive to choice of window length around 1500grams. Using the same 100

gram window as in Chile results in significant but rather large estimates of the impact of

being below 1500 grams. From Appendix Table 7 it is clear thatthe size of this coefficient

falls by half when we use a window of 120 grams on either side of1500 grams. The size of

the coefficient however remains stable after that. We thus prefer using a 200 gram window

on either side of 1500 grams in Norway. Not only does the magnitude appear more in line

with what we find in Chile, but we obtain more precision since alarger window provides

more observations. Our preferred estimates from Norway suggest a 0.22 SD increase in

scores for children born below the cutoff.

5.3.1 Bias due to selection into survival

The results on differential mortality around the 1500 gram cutoff suggest that there is se-

lection into being observed in school which will introduce bias as survivors are likely to get

different scores than those who do not survive. In general wethink that the bias would lead

16Appendix Table 1 provides other measures of school performance that restrict transcript data to grades
1-4 or standardize at the national level instead of the classroom level. The results are found to be very similar.
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to an underestimate of the true effect. This is because the weakest children survive below

the cutoff, and these very children might get the worst grades among their birth weight co-

hort. On the other hand, the weakest children above the cutoff end up dying, hence, raising

the average test scores for those birth weight groups.

In Table 4 we offer some counterfactual scenarios where we examine the extent of this bias.

We consider pessimistic scenarios and start by assigning non surviving children above 1500

grams the median score of their birth weight group. In both countries we use birth weight

grouped at the 10 gram level to assign these counterfactual scores. We subsequently assign

the non survivors better and better scores, ranging from the55th percentile to the 80th

percentile within their nearest 10 gram birth weight bin. Under the counterfactual scenario

of the non survivors scoring at the 75th percentile (or higher) of their birth weight bin class

in Chile, we no longer find evidence for a discontinuity. In the Norwegian case, there does

not appear to be no such point beyond which we would not find a discontinuity in scores.

Hence, the selection into mortality above the 1500 gram markhas to consist of some of the

smartest children in their birth weight bin class for our results to disappear.

More formally, we can adapt the procedure outlined in Lee (2008) to create bounds for our

treatment effects. For conciseness, we only discuss the Chilean case here. The results for

both countries is presented in Appendix Table 2. Since this is not a standard treatment-

control design experiment, the average test scores for children in 1400-1500 gram range is

not higher than the average score for children in the 1500-1600 gram range. To execute the

Lee (2008) procedure, we choose a smaller window where the average scores for treated

children are higher than the average scores for untreated children. This occurs in a 50 gram

window around 1500. Indeed Figure 3 would indicate that thisis the case. As listed in

Appendix Table 2, within this 50 gram window the mean treatment effect, without adding

any covariates, is 0.09 SD. Accounting for differential mortality within this window (treated

children are 1.4% more likely to be alive), the upper and lower bounds for the test score

effect are 0.069 and 0.11 SD. The upper and lower bounds in Norway are 0.15 and 0.21

respectively.

5.3.2 Introduction of surfactant

One specific treatment we explore further is that of surfactant use. Surfactant is a soap like

material produced in the lungs and is essential for proper lung function. Infants who have

not produced enough surfactant on their own cannot fully utilize their lungs for breathing.
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Hence, surfactant therapy is considered a breakthrough in preventing deaths due to Respi-

ratory Distress Syndrome (RDS) and Bronchopulmonary Dysplasia (Schwartz et al 1994).

Moreover, the medical literature cites Bronchopulmonary Dysplasia and early childhood

lung diseases to be significantly correlated with cognitiveoutcomes (Singer et al 1997,

D’Angio et al 2002, Marlow et al 2005). One of the pathways by which preterm birth

might affect cognitive outcomes appear to be related to the development of the lung and

the delivery of oxygen to the brain. Hypoxia (reduction in oxygen supply to tissues) or

ischemia (a severe low oxygen state) in the perinatal periodis one of the leading causes of

brain injury in preterm infants (Luciana 2003).

As mentioned earlier, Norway in 1989 and Chile in 1998 introduced universal surfactant

therapy to be administered to VLBW infants (Gonzalez et al 2006, Saugstad et al 2006).

We explore the timing of the introduction of surfactant to provide suggestive evidence of

the long term impacts of surfactant treatment on school outcomes. We estimate equation3

in the time periods before and after the introduction of surfactant to show that most of the

effect on test scores we see come from the period when surfactant was used.

Table 5 shows that after the introduction of surfactant, thecutoff of 1500 begins to play

an even more important role in determining school outcomes.In Chile, the impact of

being below the cutoff after 1998 is 0.19 SD (just shy of significance at the 10% level),

and in Norway it is 0.34 SD. In the case of Chile, we find substantial reductions in infant

and neonatal mortality around the cutoff after the introduction of the surfactant program.17

We view these results as suggestive evidence that the introduction of surfactant played an

important role in improving the different outcomes we measure.18

5.3.3 Parental Responses

As emphasized earlier, interpreting long run impacts of early life events is complicated by

the fact that parents might respond to these shocks. We explore if there is any evidence of

17We restrict the post period for surfactant to 2003 in Chile, since after 2003 other programs like PNAC
and AUGE started which also affected births at precisely this cutoff. In Norway (results not presented) we do
not find large impacts on mortality since the years 1980-1989were the most dramatic in terms of the decline
in infant and neonatal mortality. The mortality rates are simply too low to detect any differential effects after
1989.

18To the best of our knowledge, no major policies were implemented around these time periods. In Chile
specialized nutritional programs were introduced only in 2003 (PNAC). However, in 1999 the Ministry of
Health published and distributed a handbook for training programs on the following and caring of VLBW
births. This might have also emphasized cutoffs and generated an alternative reason for mortality to improve
more under the cutoff after 1998. We are not aware of any competing medical programs for VLBW infants
in Norway around 1989.
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differential parental investment decisions around the cutoff as a way to gauge how impor-

tant this mechanism may be in determining the results we havefound.

The first dimension of parental responses that we examine in Chile and Norway is that of

school choice. Within the framework described so far, we examine whether school quality

varies across the cutoff. We use the average of the national standardized scores by school to

examine whether students below the cutoff attend schools ofdifferent quality on average.

In Table 6 we find that this is not the case. Hence, it appears that at least on school choice,

parents do not invest differentially around the cutoff.

We also explore different avenues of parental investments by examining data on parental

time use. In Chile, when the SIMCE is administered, a detailed survey is handed out to par-

ents and students. The content of these surveys vary from year to year, but in several years

the surveys contained a set of detailed time investment questions to the parents. Hence,

for a sample of fourth graders, we have detailed informationon time spent by parents in

activities such as reading to their children.19

In Norway, while we lack direct measures of parental time investments in their children, we

can proxy for parental time by examining when the mother returns to the labor force after

giving birth. In addition we can examine whether the child was enrolled in formal child

care by age 5. Formal care includes public and private child care centers, while informal

care typically involves nannies hired by parents, grandparents and the like (for more on

Norway’s child care system see Black et al (2011)). If parents of VLBW children stay home

more or provide different types of child care then we might expect to see discontinuities

along these parental investment measures around 1500 grams. As Table 6 shows, we

find no evidence of differential parental responses around 1500 grams along any of these

measures.
19Generally the questions from year to year do not have much overlap, except for the questions regarding

reading investments. Hence, we choose to show results for this type of investment so as to maximize the
number of observations over two cohorts. These data are not from time use diaries. Responses to the questions
on investments typically range from 1-4 where 1 is no ”Never”and 4 is ”Very often”.
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Figure 4: Parental Responses
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Note: Data on average school scores in Chile come from averaging 4th grade SIMCE scores from tests
administered in 2002, 2005-2010. In Norway, the average school score is constructed by averaging school
scores for test years 2002-2009. Reading investment variable is obtained from parental survey component
of Chile’s SIMCE questionnaire, and responses range from 1-4, with 1 being ”very often”. Reading related
questions were asked in 2002 and 2007. Data on child care in Norway is available for 1980-1993. General
notes from Figure 1 apply.
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6 Robustness Checks

6.1 Manipulation of Birth Weight

If doctors or parents were systematically manipulating thebirth weight variable then we

might expect to find many births around 1490 and fewer births around 1510 (say). One

visual way of check for manipulation of the running variableis to simply plot a detailed

histogram of the data and to check whether abnormal 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 birth with 32 weeks of gestation or more. The
histogram of weeks of gestation are presented for births with weight between 1300 grams and 1700 grams.
Chile graphs use data from 1992-2007, Norway graphs use datafrom 1980-1993.
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As can be seen inFigure 5this does not appear to be the case in either country. We test this

(as do Almond et al (2010)) by collapsing the data at the gram level at which the data was

naturally collected and testing in a framework similar to equation3, whether more (or less)

births are reported just below the cutoff compared to just above the cutoff.

In the greater than 32 week gestation sample, the coefficient(std. error) on the cutoff

dummy is -16.78 (30.33). In Norway the analogous coefficientand std error is 5.3 (10.7).

These tests suggest that there is no manipulation of the running variable in this case.20

6.2 The role of covariates

A standard check with RD designs is that apart from the treatment and outcome variables

of interest, no other variables should display discontinuities around the cutoff. In Ap-

pendix Table 3 we show for both countries that a number of demographic characteristics

like mother’s education, mother’s age, mother’s employment status, twin or singleton status

and whether the mother was married at the time of birth appearsmooth around the cutoff

of 1500 grams. In addition in Norway, we can examine APGAR scores and family income

at the time of birth, both of which appear to be smooth at the cutoff. A graphical equivalent

of this is Figure 6andFigure 7. Were these to show discontinuous jumps, we would be

concerned that socioeconomic characteristics determine which side of the cutoff an infant

is observed on, invalidating the random assignment assumption.21

We also examine the role of covariates by adding them sequentially in the framework of

equation3. Appendix Table 4 shows how the coefficient on the cutoff dummy changes as

we add more and more covariates (analogous table for mortality in Online Appendix Table

10). Overall, the results show a rather limited role for covariates in determining the size of

the coefficient on the cutoff dummy.

20Manipulation in the context of birth weight and medical careis a potential concern as shown to be the
case in Japan in a recent working paper by Shigeoka (2011).

21Appendix Table 3 only shows the smoothness of covariates forthe schooling sample. Since we have a
different sample for analyzing mortality results, we show in Online Appendix Table 12 that covariates are
smooth for various subsamples analyzed in the paper. Figures in the online appendix also show covariates
obtained from the 4th grade SIMCE surveys.
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Figure 6: Baseline Covariates Around 1500 grams - Chile
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Note: This figure shows the relationship between birth weight and other covariates in Chile. Cohorts
born between 1992-2007 used for this graph. For other covariates, please see the Online Appendix.
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Figure 7: Baseline Covariates Around 1500 grams - Norway
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Note: This figure shows the relationship between birth weight and other covariates in Norway. Cohorts
born between 1980-1993 used for this graph. For other covariates, please see the Online Appendix.

Another way to understand the extent to which mother level unobservables might be driv-

ing the estimates is to examine children of the same mother. We can do this using twins and

siblings that are identified in the data using the unique identifier for the mother. Certainly

the demands of the data are rather high - the sample used for identifying the RD within

a twin or sibling fixed effects requires one twin (or sibling)on either side of the cutoff,

both twins (or siblings) above 32 weeks of gestation and a birth weight difference of no

more than 200 or 400 grams (both have to fall between the range of 1400-1600 in Chile

24



and between 1300-1700 in Norway). With caveats for small samples in place, we estimate

mortality regressions (sample is too small for schooling outcomes) around the cutoff using

twins and siblings. The point here is not to compare these estimates to the overall estimates

we showed earlier, but rather to understand how much difference the fixed effect makes. In

the Online Appendix Table 9 we show that OLS and FE estimates for both twins and sib-

lings are very similar. This suggests that unobserved mother characteristics or propensities

to manipulate birth weights say, are not playing an important role in this setting.

6.3 Other cutoffs

Is there something unique about 1500 grams or do we observe this pattern along every 100

gram interval? For example, if we observed that children below 1700 grams had higher test

scores than children slightly above 1700 grams, then we would be concerned that some-

thing inherent about getting heaped at 100 gram intervals isdriving the results rather than

exposure to treatments specific to being less than 1500 grams. In general, this is less of a

concern in our context since if this were true, we should find that 1500 gram matters even

for gestational age less than 32 weeks.22

Nevertheless, in Appendix Table 5 we examine every 100 gram cutoff in a similar esti-

mation strategy as in equation3 (similar table for mortality, hospitalizations and NICU

admissions is in Online Appendix Table 14). We find that in both countries, test scores are

significantly affected only around the 1500 gram cutoff.

6.4 Polynomial and Window Selection

Appendix Table 6 shows estimates of equation3 for a wide variety of birth weight win-

dows and polynomials on either side of the 1500 gram cutoff. While the results are largely

consistent across different bandwidths for a given polynomial selection, the results across

different polynomials for a given bandwidth do tend to differ, specially at smaller band-

widths. We attribute the sensitivity of our results to higher order polynomials to over fitting

the data with few data points. To the extent that the results are largely similar for polynomi-

als of up to order 3 and for bandwidths reaching up to 150 gramson either side of 1500, we

consider our results to be quite robust to bandwidth and polynomial selection. Moreover,

22Moreover, given the long data series in Norway, we can show that the 1500 gram point as a discontinuity
only occurs starting in the 1980s. WHO recommendations and documents in Norway show that this was the
period in which focus on VLBW birth was most apparent. Prior to 1980 it is unclear whether such rules
existed. These results are available upon request.
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visual inspection of the data and the check suggested by Lee &Lemieux (2010b) (inclu-

sion of 10 gram bin dummies and jointly testing that the coefficients on these dummies are

zero) indicate that linear trends on either side is a good fit of the data. Results for mortality

with different window sizes and polynomials presented in Online Appendix Tables 8 and

15.

6.5 The Role of Heaping

In Chile, birth weight tends to be recorded at 10 gram intervals where more than 93% of

births have birth weight ending in zero (seeFigure 5). This is trivially so in Norway since

the data is only recorded in 10 gram intervals. In addition, in both countries, there appear to

be heaps at 50 and 100 gram intervals. Since birth weight is observed at heaps it is natural

to worry about whether irregular rounding up (or down) of thedata could affect our results.

This was pointed out in a recent paper by Barreca et al (2011).In our data, rounding at

50 and 100 gram intervals is significantly correlated with a demographic characteristics as

shown in the Online Appendix. In the birth weight window of analysis, the main heap of

interest is at the cutoff of 1500.

Barreca et al (2011) suggest two ways of dealing with rounding in this context: a fixed

effects approach and a “donut” RD. Following these ideas, all graphs in the paper omit data

from the 1500 gram bin and all baseline regressions control for it. In addition, Tables in the

Online Appendix show the stability of the results when we usefixed effects for heaping at

10, 50 and 100 gram intervals. We also show the results for heaping dummies interacted

with linear slopes so the effect of the heap can be different on either side of 1500. This

makes no difference to the overall results. The results are also quite stable when we simply

remove points at 10, 50 and 100 gram bins, even though this decreases sample size by a

significant amount. We also adopt a donut RD approach and find that our results are valid

even when we exclude points that are 7 grams to either side of 1500 grams. These results

are presented in Online Appendix Tables 5-7. Indeed, this should not be surprising since

in Figure 3, it can be clearly seen that even points at 1490 arequite different from points at

1510. Hence, the heaped point of 1500 grams itself is not driving our results.

For a subsample of our data we can observe the exact hospital name, and note that using

hospital fixed effects mitigates the correlation between rounding and demographic charac-

teristics. This suggests that while hospitals round, the rounding is not manipulatedwithin

hospitals. In Norway, we can directly add hospital fixed effects to the estimation and we
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find that the results do not change (Appendix Table 4). For Chile, while we can add hospital

fixed effects for regressions that examine mortality, we areunable to do so for regressions

that examine school scores. This is because we only have hospital information starting in

2002 and cohorts born after this are too young to be observed in school.

Finally, the results presented in section 5 show that there are no significant discontinuity

at the 1500 gram cutoff for birth with 31 weeks of gestation once we apply the above

mentioned controls. We view this as robust evidence that nonrandom heaping is not driving

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

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

appropriate modifications recommended in the literature, we find that non random heaping

is not a significant driver of the results found.

7 Conclusion

In this paper we provide evidence that children who receive extra medical care at birth

have lower mortality rates and higher academic achievementin school. Using detailed ad-

ministrative data from two countries we show that children who by virtue of having been

born with a birth weight of just less than 1500 grams, are lesslikely to die and go on to

have higher grades and test scores later in life. These results add to the growing body of

research indicating the importance of neonatal care for health outcomes such as mortality.

More importantly it also provides new evidence on long run externalities which should be

considered when evaluating the such policies. The results also provide suggestive evidence

that the introduction of surfactant played an important role in reducing mortality and rais-

ing academic outcomes. More generally, the fact that additional medical treatment has long

run effects indicates that the observed inequalities in academic achievement and other out-

comes later in life can arise at least in part due to inequalities in health care starting at birth.

Efforts to improve educational outcomes should therefore focus not only on policies affect-

ing contemporaneous educational inputs in school like better teachers, books and school

infrastructure but also on broader public policies such as improved neonatal care.

While this paper’s main contribution lies in linking early childhood medical interventions

and later life educational achievement, we hope future research can highlight the pathways

by which this link emerges. In this instance, children receive a “bundle” of medical in-

terventions and although we show that surfactant likely plays a major role, understanding

which intervention or what combination of interventions lead to the greatest impacts would
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be useful from a policy perspective. Another important avenue for future research is to

better understand the way post-hospital inputs such as parental investments react to health

interventions and affect long run outcomes. Our results suggest a limited role for differen-

tial investments in this application, but we hope future research in this area can shed more

light on this important behavioral response.

Finally, it is important to note that the results in this paper have been found in countries

at very different stages of development (Chile and Norway) and are consistent with evi-

dence on mortality for the United States from Almond et al. (2010). This suggests that the

evidence presented on the importance of neonatal health care applies more generally to a

broad set of countries at different stages of economic and social development.
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Chile - Number of days spent in hospital within a month of 
birth

All gestational 
ages

Gestational 
age >=32 

weeks

Gestational 
age < 32 

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

Norway - whether child was transferred to a NICU
All gestational 

ages

Gestational 
age >=32 

weeks

Gestational 
age < 32 

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 2.111 1.224 887

Chile: Birth cohorts 1992-2007
All gestational 

ages

Gestational 
age >=32 

weeks

Gestational 
age < 32 

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

Norway: Birth cohorts 1980-1993
All gestational 

ages

Gestational 
age >=32 

weeks

Gestational 
age < 32 

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 1 - Treatments around 1500 grams

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 
ages

Gestational age 
>=32 weeks

Gestational age 
< 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

All gestational 
ages

Gestational age 
>=32 weeks

Gestational age 
< 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.   

Norway 10th Grade National Exam

Table 3 - School performance around 1500 grams by Gestational Age

Birth cohorts 1986-1993

Chile School Outcomes
Birth cohorts 1992-2002



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

Pre 
Surfactant 

(1992-1997)

Post 
Surfactant 

(1998-2002)

Pre Surfactant 
(1986-1988)

Post 
Surfactant 

(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

Pre 
Surfactant 

(1992-1997)

Post 
Surfactant 

(1998-2002)

Pre Surfactant 
(1992-1997)

Post 
Surfactant 

(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 -0.132 -0.198 -0.107 -0.302
Observations 2,021 1,801 2,021 1,801

Only 
survivors

Percentile of test score assigned to non-survivors above 1500 grams

* 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 gram level.

Table 4 - Counterfactuals using non survivors of infancy

* 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.

Table 5 - Role of Surfactant 

Chile: surfactant introduced 
1998

Norway: surfactant introduced 
1989

Mortality

Chile: Infant Mortality Chile: Neonatal Mortality



Chile
Average Raw 
SIMCE score 

in school
Private school Grade size

School in top 
25% of SIMCE 

score 
distribution

Parents read 
"Often" to child 

during 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

Norway
Enrolled in 

child care at 
age 5

Average exam 
score in 
school

Return to 
work after 

paid 
maternity 

leave

Log parental 
income at the 
time of test

Mother 
employed at 
the time of 

test

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. 

Table 6: Parental Investment Responses Around Cutoff



All gestational 
ages

Gestational age 
>=32 weeks

Gestational age 
< 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%

Chile Norway
Untreated i. Observations 1476 169
>=1500 ii. Proportion non missing0.846 0.952

iii. Mean score -0.189 -0.12

Treated iv. Observations 859 231
<1500 v. Proportion nonmissing0.858 0.93

vi. Mean score -0.097 0.084

p=[ (v-ii)/v] 0.013986014 -0.023655914
-1.91 -1.92

-0.0744 0.098

1-p 'th quantile 1.53 2.12
-0.12 0.033

Upper bound estimate 0.1146 0.218
Lower Bound estimate 0.069 0.153

0.0898399 0.204

Birth weight range 1450-1550

p'th quantile score in treatment group score

Trimmed mean (y>y_p)

Trimmed mean (y<y_(1-p))

Estimate from regression

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.      

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

Birth cohorts 1992-2002
Alternative test measures from Chile

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



Covariates Mother's Age
Mother 

attended 
college

Mother 
attended high 

school

Mother 
married

Birth Mother 
Employed

Non twin birth APGAR1
Ln(family 

income) birth

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

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

1+ clustering
2+ triangular 

weights

3+100 gram 
heap fixed 

effect
4+covariates

5+Municipalit
y of birth 

fixed effect

6+ Hospital 
service region

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

Covariates included 1+ clustering
2+ triangular 

weights

3+100 gram 
heap fixed 

effect
4+covariates

5+Municipalit
y of birth 

fixed effect

6+Hospital 
fixed effectrs

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

Appendix Table 3 - Other covariates examined at 1500 grams 

* 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.

Appendix Table 4 - Discontinuity at 1500 grams Sequentially adding covariates

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.



Cutofff point
Coefficient on 

cutoff
Cutofff point

Coefficient on 
cutoff

Cutofff point
Coefficient on 

cutoff
Cutofff point

Coefficient on 
cutoff

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*** 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)

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

Chile Norway

* 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.



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

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

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.   
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