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Abstract

In this paper we provide causal estimates of the e↵ect of an institutional

birth on newborn mortality. To address the endogeneity of choice of birth

location, we exploit a random shock to institutional deliveries provided by

the implementation of a government pay-for-performance (P4P) program in

Rwanda. Using data on 11,153 births between 2000 and 2010 from the Rwan-

dan Demographic Health Surveys, we first show that the P4P program in-

creased rates of institutional deliveries by between 9-10 percentage points in

treated relative to control districts. This is remarkably similar to the results

from an earlier evaluation of the program despite the use of di↵erent data.

Using program rollout as an instrument for facility deliveries, we find no sta-

tistically significant e↵ect of institutional births on neonatal mortality. The

coe�cients are close to zero and robust to changes in specification. We also

show that OLS models underestimate the treatment e↵ect by several orders of

magnitude, a result that is consistent with adverse selection into institutional

deliveries.
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1 Introduction

Nearly 4 million infants die every year within a month of being born. About

3 million of these deaths occur within the first week of life. Two-thirds of these

deaths occur in Africa and Southeast Asia.1 These deaths have been called

“inexcusable” and “unconscionable” and reducing them has been referred to

as a moral imperative (Lawn, Cousens and Zupan, 2005; Lawn et al., 2009).

Leading causes of neonatal deaths include severe infection, asphyxia, preterm

birth, and tetanus, with the first three accounting for about 87 percent of all

neonatal deaths. Birth asphyxia2 alone accounts for more than 900,000 deaths

every year. Malaria in comparison, accounts for about 600,000 deaths annually

(WHO, 2012). Neonatal deaths currently make up about 40 percent of under-5

mortality (You et al., 2010). Reducing neonatal mortality is therefore a critical

part of the e↵ort to achieve the MDG 4 target of reducing under-five mortality

by two-thirds by 2015.

Access to skilled delivery care is believed to be important in improving

newborn survival (Lawn, Cousens and Zupan, 2005; Ngoc et al., 2006). This

is in part because the health of the newborn infant is closely linked to the

health of the mother. Maternal risk factors such as anemia and hypertension,

and delivery complications such as prolonged or obstructed labor have all been

shown to be consistently associated with a higher risk of neonatal mortality

(Bartlett, Paz de Bocaletti and Bocaletti, 1993; Chalumeau et al., 2000; Ku-

siako, Ronsmans and Van der Paal, 2000). Weiner et al. (2003) in a study in

Kenya estimated that up to half of all perinatal deaths were attributable to

labour complications.3 Intrapartum risk factors are thought to play a larger

role in perinatal or neonatal deaths relative to pre-pregnancy or antenatal fac-

tors (Lawn, Cousens and Zupan, 2005). Current global health strategies to

reduce mortality therefore focus on increasing access to, and utilization of, ma-

1Ten countries – Afghanistan, Bangladesh, China, Democratic Republic of Congo,
Ethiopia, India, Indonesia, Nigeria, Tanzania, and Pakistan – account for the majority
of these deaths (Lawn et al., 2009).

2This is now referred to as an intrapartum-related neonatal death.
3This however was from a study of 910 births in a single district hospital in Kenya.
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ternal health care services during pregnancy and delivery (Lawn et al., 2009).

A central part of this strategy is promoting institutional deliveries (Filippi

et al., 2006).

A growing number of countries have implemented programs that incen-

tivize women to give birth in a health facility. The Janani Suraksha Yojana

(JSY) in India is a well-known example. Others examples include the Safe

Delivery Incentives Program (SDIP) in Nepal and the Demand-side Financ-

ing Maternal Health Voucher Scheme (MHVS) in Bangladesh. Funding for

these programs run into the millions of dollars. The JSY for example has

annual expenditures in excess of 200 million US dollars (Mazumdar, Mills and

Powell-Jackson, 2011), and the SDIP has annual expenditures in excess of 1.2

million US dollars, a significant sum considering that the gross national in-

come per capita in Nepal is $340 (Powell-Jackson et al., 2009). The returns

to these expenditures largely depend on the e↵ect of institutional births on

health outcomes, and in particular on mortality. Estimates of this parameter

are however hard to find.

While no one will argue that high quality obstetric care is likely to improve

neonatal outcomes, more than a decade’s worth of research from developing

countries has shown that access to a health facility does not necessarily imply

access to high quality care (Banerjee, Deaton and Duflo, 2004; Das, Hammer

and Leonard, 2008). Low levels of observed quality are due to a combination

of a lack of necessary clinical inputs, low levels of provider human capital,

and low levels of provider e↵ort (Chaudhury et al., 2006; Klemick, Leonard

and Masatu, 2009). These problems are worse in rural communities, where

infant mortality is concentrated. Locational preferences of health providers

imply that rural providers are more likely to be drawn from the low end of

the quality distribution. In a well-cited study by Walraven and Weeks (1999)

they argue that the“skilled” attendant in the local clinic may be no more

skilled than the traditional community midwife. Ronsmans et al. (2009) in

a more recent study has shown that midwives are not skilled at managing

complications, even when women seek help early. Harvey et al. (2007) also

find significant knowledge and skill gaps in a study of skilled birth attendants
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in five countries. Skill deficits were much worse than knowledge deficits – the

authors found that knowledge of a procedure was no guarantee that it could

be performed correctly. These studies raise valid questions about the returns

to institutional deliveries.

Estimating the causal e↵ect of an institutional birth on newborn mortality

is complicated by the fact that a mother’s choice of delivery location is likely to

be correlated with unobserved individual and household characteristics that

also a↵ect newborn health. Maternal risk is an important and often unob-

served dimension along which women may di↵er. If women who deliver in a

hospital are (predominantly) adversely selected then estimates of the e↵ect of

institutional deliveries on mortality are likely to be biased towards zero. Fa-

vorable selection will on the other hand result in estimates that are too large.

It is well known for example that institutional deliveries are positively corre-

lated with household income and maternal schooling (Gwatkin et al., 2000;

Houweling et al., 2007). Bharadwaj and Nelson (2010) in a study in India

show that women were more likely to give birth in a hospital when they were

carrying a son. They also find that households were more likely to invest in

complementary child health inputs when the fetus was male. Isolating the

e↵ect of an institutional delivery from the e↵ect of other unobserved birth

inputs that also enter into the child health production function is challenging.

In this paper we attempt to weigh in on this question. To solve the identifi-

cation problem, we exploit a random shock to institutional deliveries provided

by the implementation of a government pay-for-performance (P4P) program

in Rwanda. What makes this program unique, and strengthens our identifica-

tion, is that the program was phased in randomly. Twelve randomly chosen

districts were selected to begin the program in 2006; the remaining districts

joined the program in 2008. Using data on 11,153 births between 2000 and

2010 from the Rwandan Demographic Health Surveys, we first show that the

P4P program significantly increased rates of institutional deliveries.4 We find

an increase of between 9 and 12 percentage points depending on the specifica-

tion and the sample used. Using program rollout as an exogenous instrument

4Confirming the original finding by (Basinga et al., 2011).
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for facility deliveries, we find no e↵ect of an institutional birth on a child’s

probability of dying within the first week or within the first month. This re-

sult holds across all our specifications. We show that OLS models, even after

controlling for an extensive set of individual and household characteristics,

still underestimate the treatment e↵ect by several orders of magnitude. These

results are consistent with adverse selection into institutional deliveries.

The remainder of the paper is organized as follows: in Section 2 we discuss

the existing literature, in Section 3 we describe the pay-for-performance pro-

gram, in Section 4 we discuss the data, in Section 5 we lay out our econometric

strategy, in Section 6 we discuss the results, and in Section 7 we conclude.

2 Existing Literature

Access to skilled attendance at delivery is considered to be critical in reduc-

ing deaths that occur during pregnancy, delivery and the post-partum period

(World Health Organization, 1999). A Lancet series on the Millennium De-

velopment Goals has argued that MDG goals will best be achieved “by adopt-

ing a core strategy of health center-based intrapartum care” (Filippi et al.,

2006). The rationale for advocating for institutional deliveries lies in the fact

that mortality risk is concentrated around the time of birth – a quarter of all

neonatal deaths occur within the first 24 hours, three-quarters occur within

the first week (WHO, 2006). It is thought that institutional deliveries give

women access to skilled providers who are better able to recognize and manage

complications and perform essential interventions (including newborn resusci-

tation). In addition to having access to a skilled provider, it is also thought

that complications are better managed in health care facilities and giving birth

in hospital therefore minimizes potential delays in getting help. Despite the

increasing emphasis placed on institutional deliveries in global health circles,

there is surprisingly little evidence about its impact on mortality.

There are several related but distinct strands of the literature that bear

on this research question. First is the epidemiologic literature on skilled birth
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attendance (Lawn, Cousens and Zupan, 2005; Ronsmans et al., 2008).5 Skilled

birth attendance and institutional deliveries are very highly correlated. If a

birth takes place in a health facility, one can usually assume that the birth was

attended by a skilled attendant – in Rwanda and India for example, greater

than 99 percent of births in a health facility were attended by a doctor or nurse.

For births taking place outside of a health facility, one can usually assume that

a skilled provider was not in attendance, but this varies by region. In South

Asia, it is more common for skilled providers to attend births at home – in

India about 13 percent of non-facility births are attended by a doctor or nurse.

This is in striking contrast to Rwanda where less than 1 percent of non-facility

births are attended by a doctor or nurse.6 In practice therefore skilled birth

attendance is often synonymous with an institutional delivery (Campbell and

Graham, 2006; Hofmeyr et al., 2009).

Two recent papers have reviewed the literature on skilled birth attendance.

Darmstadt et al. (2005) finds inconsistent evidence of e↵ects on neonatal mor-

tality. They conclude that the overall quality of the evidence is low – eight of

the ten studies reviewed were either historical studies or used a before-after

design. A more recent review by Lee et al. (2011) found ten studies where

the primary outcome was neonatal or perinatal mortality. They, like Darm-

stadt et al. (2005) observed that the quality of the available evidence was low.

Based on a meta-analysis of the four studies that met their inclusion crite-

ria, they concluded that skilled attendance conferred a small protective e↵ect

on newborns. Inference based on this literature is problematic however given

their serious limitations. As we have argued estimated e↵ects may be biased

upwards if there is favorable selection into facility deliveries, or downwards, if

women who choose facility deliveries are adversely selected.7 Adverse selection

may arise because women at higher risk of experiencing bad pregnancy out-

5The World Health Organization defines a skilled birth attendant as someone who has
been trained to proficiency in the skills necessary to manage normal deliveries and diagnose,
manage or refer complications. (World Health Organization, 1999). This definition includes
doctors, midwives, and nurses but not traditional birth attendants.

6Authors’ calculations from Demographic and Health Survey data for both countries.
7For evidence of ‘adverse’ selection into prenatal care, see Joyce (1994); Rous, Jewell

and Brown (2004).
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comes are more likely to choose an institutional delivery or because women are

only taken to a health facility when complications arise. Titaley, Dibley and

Roberts (2012) for example find a significantly increased risk of early neona-

tal death for deliveries taking place in public hospitals in Indonesia compared

to unattended births at home. Ronsmans et al. (2009) find that mortality

rates are twice as high among those who gave birth with a health professional

(mostly midwives) than among those who did not.

Next we turn our attention to the economic literature on child health pro-

duction. This literature has examined the e↵ects of birth inputs (mostly prena-

tal care and maternal behaviors such as smoking and illicit drug use) on various

child health outcomes – usually birth weight (see for example Rosenzweig and

Schultz, 1983; Grossman and Joyce, 1990; Noonan et al., 2007; Habibov and

Fan, 2011). We briefly discuss two papers that are particularly relevant for

this study, Maitra (2004) and Panis and Lillard (1994). Both papers jointly

model the demand for hospital delivery and child mortality within a system

of simultaneous equations; Panis and Lillard (1994) using data from Malaysia

and Maitra (2004) using data from India. Child mortality is modeled using

a proportional hazard model in which the child is at risk of dying from the

time of birth until the time of the survey.8 They include a mother-specific het-

erogeneity term that is then allowed to be correlated across equations. Both

papers find a strong e↵ect of institutional delivery on child mortality.

Omitted variable bias remains a problem in these papers if there are inputs

that a↵ect child health that are not included in the mortality equation. Chil-

dren born in a hospital for example, may be more likely than children born at

home to receive postnatal care. If these variables are not included in the set of

explanatory variables, then the e↵ect of hospital birth on child mortality will

be biased upwards. To give another example, household income at the time

of pregnancy/delivery is likely to a↵ect consumption of child health inputs

(Bhalotra, 2010) and may also a↵ect child health (for example through ma-

ternal nutrition). Failing to include precise measures of household income at

the time of birth will lead to biased coe�cients. Identification in these papers

8Panis and Lillard (1994) allows for fetal deaths i.e. miscarriages and abortions.
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also relies on strong assumptions. In particular, the model assumes that once

mother-specific heterogeneity is controlled for, the remaining variation in the

error term is random. Mother-specific heterogeneity implies selection at the

level of the woman – in other words, certain women are more likely to select

into facility deliveries, but selection may be birth-specific. As Bharadwaj and

Nelson (2010) showed, households expecting a son were more likely to invest

in child health inputs. Systematic preferences for certain kinds of births may

lead to overestimates of the treatment e↵ect because of the induced correlation

between facility deliveries and other possibly unobserved child health inputs.

This paper is also related to the growing literature estimating the returns

to medical treatment. Recent examples of this literature include Almond et al.

(2010), Almond and Joseph J. Doyle (2011), and Evans and Garthwaite (2009).

Adhvaryu and Nyshadham (2011) is the only developing country paper that

we are aware of. Lastly we note the recent literature estimating reduced form

impacts of programs promoting institutional deliveries. Lim et al. (2010) eval-

uates the impact of the JSY, a conditional cash transfer program in India that

incentivizes women to give birth in a health facility, on neonatal mortality.

They find statistically significant reductions of between 2.3 and 2.4 neonatal

deaths per 1000 live births. These findings have however been questioned by

Mazumdar, Mills and Powell-Jackson (2011) who use di↵erent methods and,

in contrast to Lim et al. (2010), find no e↵ect on neonatal mortality.9

This paper makes a significant contribution to the existing literature by

estimating the structural parameter of interest i.e. the causal e↵ect of facil-

ity deliveries on infant mortality. A major strength of this paper is that our

identification is transparent and relies on a shock to institutional births pro-

vided by the randomized rollout of a government program. This allows us to

account for the endogeneity of facility deliveries. We also avoid the problem

of correlation between hospital births and possibly unobserved postnatal child

health inputs by restricting our attention to neonatal mortality.

9They conclude that quality of care in the facilities was a key barrier to mortality
reductions.
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3 Pay-for-Performance in Rwanda

Performance-based financing (PBF) began in Rwanda in 2001 when inter-

national NGOs started pilot schemes in two provinces (Cyangugu in 2001, and

Butare in 2002).10 Based on the success of these initiatives (Soeters, Musango

and Meesen, 2005), the Ministry of Health with funding from USAID decided

to scale up PBF and expand it to all health facilities in Rwanda. Due to ca-

pacity and financial constraints, it was not feasible to implement the program

across all districts in the country at the same time. For reasons of equity and

fairness, it was determined that districts would be assigned to Phase I (rollout

starting in 2006), or Phase II (rollout starting in 2008) using a lottery. Areas

with no existing performance based contracting operations were paired based

on similar characteristics and a coin flip was used to decide which districts

would receive the program in Phase I, and which would wait for Phase II.11

District boundaries were redefined in late 2005 as part of a government

decentralization e↵ort. This resulted in some evaluation districts being com-

bined with districts with existing P4P pilot programs. As Basinga et al. (2011)

describe, because P4P schemes could not be removed from health facilities in

which they had already been implemented, the government enrolled all health

facilities in newly formed districts that had existing pilot programs schemes

into the first phase of the rollout.12 The final evaluation sample consisted of

twelve Phase I districts and seven Phase II districts.

The PBF program incentivized provision of fourteen di↵erent services (see

Table A.1). Bonus payments were paid out to health facilities quarterly ac-

cording to the following payment formula:

10A third scheme was begun in 2005 in Kigali-Ngali, Kabgayi, and Kigali Ville by Belgian
Technical Cooperation (BTC), a development cooperation agency.

11Random allocation was thought to be a more transparent and equitable mechanism
than other methods of allocation.

12Based on personal email communication from Paulin Basinga, one of the lead inves-
tigators on the original evaluation, this a↵ected three districts. As part of our robustness
checks, we drop these districts from the sample. This does not a↵ect the results.
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Paymentit = Qit ⇤
X

j

PjUijt

P is the per unit payment for each incentivized service, U is the number of

units provided of each service and i indexes the facility, j indexes the service,

and t indexes time. Q is a quality index ranging from 0 to 1. Weights are

assigned to various quality indicators including cleanliness, availability of drugs

and supplies, etc. The index is described in detail in Rusa et al. (2009). Notice

from Table A.1 that the highest per unit payments were for facility deliveries

and for emergency transfers to hospital for obstetric care ($4.59). Hospital

referrals for at risk pregnancies were assigned a value of $1.83.
To separate the income e↵ect of the bonus payment from its incentive

e↵ect, budgets for health facilities in control districts (Phase II districts prior

to 2008) were increased by an amount equivalent to the average of payouts

to treated facilities on a quarterly basis. Health facilities had full discretion

in spending incentive payments. Qualitative evidence suggests that incentive

payments were primarily used by health facilities to increase sta↵ salaries

(Basinga et al., 2011).

Given the new schedule of payments, theory predicts that health providers

will reallocate e↵ort in order to equalize the returns at the margin across all

the services o↵ered in the clinic. One implication of this is that providers

would reallocate e↵ort towards higher margin services (see Eggleston, 2005;

Dumont et al., 2008). Consistent with this Basinga et al. (2011) reported that

“providers not only encouraged women to deliver in the facility during prena-

tal care, but some also commissioned community health workers to conduct

outreach in the community to find pregnant women to deliver in the facility”.

One can think about this as a direct e↵ect of the PBF program.

The PBF might also raise the rate of facility deliveries indirectly through

its e↵ect on improving quality. Notice that the payment formula rewarded

overall quality through Q. To the extent therefore that quality enters into

the demand function for facility births, women would be more likely to give
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birth in a health facility following the introduction of the PBF. An additional

channel through which the PBF might a↵ect rates of facility deliveries might

be through decreased provider absence as a result of increased monitoring by

district health o�cials (Duflo and Hanna, 2005; Banerjee and Duflo, 2006).13

4 Data

We use data from the Rwandan Demographic and Health Surveys (RDHS).

The RDHS is a nationally representative household survey conducted approx-

imately every five years. Households are selected in two stages: first, villages

(also known as clusters or enumeration areas) are selected with probability

proportional to the village size. A household listing is then conducted in each

village and households are systematically selected from the household list.

We merged data from the 2005 and 2010 waves of the RDHS. This otherwise

straightforward exercise was complicated by the fact that the 2005 RDHS

contained province IDs but not district IDs.14 To match clusters in 2005 to

the appropriate district in 2010, we assigned each village/cluster in the 2005

data to a district in 2010 using geo-positioning data. Recent DHS surveys

collect GPS coordinates for each village or cluster. These GPS readings are

generally accurate up to 15-20 meters (ICF Macro, 2011). We matched each

village/cluster in 2005 to a district in 2010 by calculating pairwise distances

between each cluster in 2005 and all clusters in 2010 and then assigning each

cluster to the district with the lowest sum of squared distances to cluster i.

To put this formally, cluster i in 2005 was assigned to the district, k in 2010

that minimized

min[A1, A2, ..., AK ]

where Ak =
P

j(Ci�Ck
j ) and Ci�Ck

j is the spherical distance between cluster

i in 2005 and cluster j in district k in the 2010 DHS. The final study sample

13District supervisors were required to make quarterly visits to each facility to collect
data on quality indicators. These visits were unannounced.

14In 2005, Rwanda was divided into 12 provinces. Following the decentralization, the 12
provinces were aggregated into 5 provinces.
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consists of 11,153 births between 2000 and 2010. See distribution in Figure 1.

The RDHS collects detailed information about all pregnancies and birth

within the five years preceding the survey date. All women between the ages of

15 and 49 who were permanent residents of the household or visitors present in

the household on the night before the survey were eligible to be interviewed.

For all births within the preceding five years, women are asked where the

birth took place. Women can select from one of the following options: at

home (either the respondent’s home or some other home); in a health facility

(either government or private), or elsewhere. We recoded this as a binary

variable FACILITY equal to 1 if the birth took place in a health facility.

Details for each birth are collected including the sex of the child, the date

of birth, birth order, whether it was a single or multiple birth, and survival

status. For babies who died, information is collected about the age of death.

Babies that were stillborn are coded as dying on the day of birth. For deaths

within the first month, women are asked to provide the specific day of death if

known. We have two mortality variables: NEOMORT is equal to 1 if the baby

died within the first month (between Day 0 and Day 30), and EARLYMORT ,

which is equal to 1 if the child died within the first 7 days. An early neonatal

death is thought to more accurately reflect the quality of care received by the

mother during childbirth (Ngoc et al., 2006).

For the most recent live birth, women are asked if they used prenatal care

and how many prenatal care visits they attended. We constructed a binary

variable equal to 1 if the woman made 4 or more prenatal visits over the

course of the pregnancy. Information about the quality of prenatal care is also

collected including whether the respondent was weighed, whether their blood

pressure was taken, whether they were told about pregnancy danger signs and

whether they received iron supplements. We use these prenatal care variables

to test the validity of our instruments.

In addition to detailed birth information, the RHDS also collects informa-

tion about respondent characteristics including age, religion, highest level of

schooling completed, marital status, and relationship to the household head,

and household characteristics including access to electricity, source of drink-
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ing water, type of toilet facilities, and type of roofing and flooring materials.

These along with information on asset ownership are used in constructing a

wealth index using principal component analysis.

4.1 Summary Statistics

Baseline characteristics for treated and control districts and the p-value

from a test of di↵erences in means are presented in Table 1. The baseline

neonatal mortality rate is about 3.8 percent in the overall sample. About 26

percent of births took place in a health facility prior to implementation of

the P4P program. Given the correlation between institutional deliveries and

skilled birth attendance, it is not surprising to see that a nearly identical frac-

tion of births were attended by a doctor or nurse. 12.4% of births had four or

more prenatal visits during the course of the pregnancy. Average educational

attainment is low in this sample, only 16.7% of women completed at least

primary school. 88% of women in the sample are married, and their average

age at the time of their first birth is 20.8 years. Only 2.8% of households re-

ported having electricity, 15.5% and 49.5% of households respectively reported

owning a bicycle or radio. The covariates are balanced across treatment and

control districts.

5 Empirical Model

The aim of this paper is to identify the causal e↵ect of a hospital birth on

newborn mortality. The underlying structural model we wish to estimate is:

Mortalityi = ↵ + �HospBirthi +Xij� + ✏i (1)

Mortalityi denotes the probability that infant i will die within 30 days of birth,

HospBirth is a dummy for whether the birth took place in a health facility, Xij

is a vector of exogenous birth characteristics, and ✏ is the error term. To obtain

consistent estimates of �, HospBirth has to be uncorrelated with the error

term i.e. Cov(HospBirth, ✏)=0 , but this is unlikely to be true in practice.
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As we have discussed, unobserved heterogeneity between childbearing women

will induce a correlation between hospital births and the disturbance term in

(1). Hospital births may be correlated with use of other birth inputs that have

beneficial e↵ects on infant health implying that estimating (1) with OLS will

lead to estimates of � that are biased upwards.

We have cited evidence that women from richer households are more likely

to give birth in a hospital (Gwatkin et al., 2000). Such women may be better

nourished and therefore more likely to have healthier babies. It is also possible

that women who choose hospital births are adversely selected. Women who

anticipate a bad outcome based on private information about their risk may

be more likely to choose a hospital delivery leading to estimates of � that

are biased downwards. Note that accounting for mother-specific heterogeneity

only partially solves this problem. Unobserved heterogeneity may also be

birth-specific. There is an idiosyncratic component to delivery complications,

and if women are only taken to hospital when they develop complications, this

will induce a correlation between hospital births and the error term.

To identify a causal e↵ect of hospital births, the ideal study would be

an experiment in which some women were randomly assigned to deliver at

home and others to deliver in a health facility. We are not aware of any

Institutional Review Board that would approve such a study. An alternative

is to find an exogenous variable (an instrument) that a↵ects a woman’s choice

of delivery facility. We can then identify the treatment e↵ect of a hospital

birth by comparing health outcomes for infants born to mothers that were

induced by the exogenous instrument to give birth in a hospital (but who would

not otherwise), to the outcomes for mothers who were not exposed to the

instrument. This is the approach we take in this paper.

The rollout of the government P4P program in Rwanda provides a plausibly

exogenous shock to hospital births that allows us to recover the structural

parameter of interest. This approach is similar in spirit to that of Evans and

Lien (2005) who exploit the variation in access to prenatal care created by

a bus strike in Pennsylvania to estimate the e↵ect of prenatal care on birth

outcomes. In the terminology of Angrist, Imbens and Rubin (1996), what we
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estimate is the Local Average Treatment E↵ect or LATE.

For the instrument to be valid, it must only a↵ect newborn mortality

through its e↵ect on hospital deliveries. This rules out using cash transfers

(or cash transfer programs) as an instrument because the additional income

may be used to purchase market goods that have a direct e↵ect on birth out-

comes. Even if the cash is only paid out after the delivery has occurred,

households may increase consumption in anticipation of this future income.

Instrument validity also requires a su�ciently strong correlation with hospital

births. Conditional on having a valid instrument, one can then recover consis-

tent estimates of using two stage least squares. In the first stage we estimate

the following model:

HospBirthijt = ⇡0 + ⇡1Treatijt +X 0
ijt⇡2 + ✓j + ⌘t + ⌫ijt (2)

HospBirth is equal to 1 if birth i in district j in year t took place in a hospital.

Treat is a dummy variable indicating whether the birth is in a treated district,

X 0
ijt is a vector of birth-level, mother-level, and household characteristics. We

include controls for the sex of the baby, birth order, the time interval between

the index birth and the last birth, whether it was a singleton or a multiple

birth, and the age of the mother at birth. We also include birth month fixed

e↵ects and additional controls for mother’s schooling, marital status, religion,

relationship to the household head, and household wealth (measured using

the standard wealth index). ✓j and ⌘t are district and birth year fixed e↵ects

respectively. ⌫ is the disturbance term.

In the second stage we estimate a modified version of (1) where the en-

dogenous variable HospBirth is replaced with predicted values derived from

(2). The model we estimate is:

Mortalityijt = �0 + �1 ˆHospBirthijt +X 0
ijt�2 + ✓j + ⌘t + µijt (3)

We include the same set of control variables used in (2). Conditional on the

exclusion restrictions being valid, �1 is identified and has a causal interpreta-

tion. In the next section we examine a few potential threats to instrument
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validity.

5.1 Instrument validity

As we have discussed, for the instrument to be validly excluded from equa-

tion (1), it must have no e↵ect on newborn mortality other than through

increasing the probability of a facility birth. Given that the exogenous de-

mand shifter is the pay-for-performance program, there is a concern that the

P4P program may have also a↵ected demand for other inputs that may have

independent e↵ects on infant health. An obvious worry is prenatal care.

There is now a critical mass of studies (mostly from developed countries)

demonstrating beneficial e↵ects of prenatal care on infant health outcomes

(see for example Evans and Lien, 2005; Jewell, 2007; Rous, Jewell and Brown,

2004). From Table A.1 it is evident that the P4P program incentivized the

delivery of prenatal care. Health facilities received incentive payments of 37

cents for each woman who completed at least 4 prenatal visits. If the P4P

program also increased the demand for prenatal care, this would invalidate

it as an instrument. In Table 2, Panel A we report results from a version

of (2) where the outcome is prenatal care. We have two outcomes: (1) the

total number of prenatal visits over the course of the pregnancy, and (2) the

probability of completing at least four prenatal visits over the course of the

pregnancy. We find no e↵ects of the P4P program on either outcome.

It is possible that the P4P program did not influence quantity, but instead

raised the quality of the prenatal visit. Notice that clinics received 46 cents for

each pregnant woman that received a tetanus shot, and a similar amount for

each pregnant woman that received malaria prophylaxis. Given the low base-

line levels of tetanus vaccination and malaria prophylaxis during pregnancy,

20.3% and 5.2% respectively, clinics could increase their payments at relatively

low cost by prescribing tetanus shots and malaria prophylaxis to all women

who came in for a prenatal visit. Getting women to complete four prenatal

visits on the other hand plausibly requires more e↵ort and the marginal incen-

tive is lower (37 cents). If the quality of each individual visit is higher, this
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might have a cumulative e↵ect over the course of the pregnancy on the health

of the newborn infant. There is much more limited evidence supporting the

importance of prenatal care quality on infant health, nevertheless we explore

this possibility in Table 3. We report results from a model in which we regress

various indicators of prenatal care quality on the treatment dummy and addi-

tional controls. We find no e↵ect on the probability of receiving a tetanus shot

or malaria prophylaxis. We also find no e↵ect of the treatment on a woman’s

probability of having her weight, weight (or blood pressure – not shown) taken

during a prenatal visit.

Finally we address the possibility that the program increased postnatal

child visits. Clinics received 18 cents for each preventive child visit and the

same amount for each curative visit. Given that infections are responsible for

up to 36 percent of neonatal deaths globally, and nearly half of all neonatal

deaths in high mortality countries (Lawn, Cousens and Zupan, 2005), if the

P4P program induced women to take sick infants to the clinic for treatment,

this would pose a problem for instrument validity. In Table 2 Panel B we

regress the following outcomes (i) probability of a postnatal child visit within

the first week, and (ii) probability of a postnatal child visit within the first

month, on the treatment dummy and additional controls. We find no e↵ect on

either outcome. In the models that follow, we report e↵ects on neonatal mor-

tality (deaths within the first month) separately from e↵ects on early neonatal

mortality (death within the first week). Taken together these results increase

our confidence in the validity of the instrument.

6 Results

6.1 First-stage Results

A graphical treatment of the first stage is shown in Figures 2 and 3. In

Figure 2, we averaged the rate of institutional deliveries over each phase sep-

arately for Phase I and Phase II districts: Phase 0 corresponds to the pre-

implementation period (March 2000 – May 2006), Phase 1 of the rollout is
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from June 2006 to May 2008, and Phase 2 is from June 2008 to December

2010. As expected, baseline rates of institutional deliveries are similar in

Phase I and II districts (from Table 1, the p-value from a test of means in

0.62). In the Phase 1 period, institutional deliveries grow at a faster rate in

the treated districts (Phase I districts) and the lines diverge, but by Phase

2, when the previous control districts also become treated, the lines start to

converge as the rate of growth slows down in the Phase I districts and Phase

II districts catch up. In Figure 2, we plot means for Phase I and II districts

by birth year.

In Table 4, we show the first stage regression results. In Column 1 no

additional controls are included save for district and birth year dummies, in

column 2 we include controls for a set of pre-determined birth characteristics,

including the baby’s gender, birth order, whether it was a singleton or multiple

birth, the age of the mother and her partner at time of birth, and time interval

since the last pregnancy. In column 3 we add in controls for respondent and

household characteristics measured at the time of the survey. These include

dummies for the mother’s level of schooling, her marital status, religion and

relationship to the household head, a dummy for whether she reports being

solely responsible for making decisions about her health, household wealth

quintile dummies, an urban/rural indicator, and interview month fixed e↵ects.

All the reported standard errors are clustered at the district level to allow for

arbitrary correlation within district.

The results are consistent across all the specifications. We find a strong

positive e↵ect of the P4P program on institutional births. On average the

P4P program increased institutional births by between 9 and 10 percentage

points (about a 36 percent increase compared to baseline levels). In Panel

B of Table 4, as a robustness check, we restrict the sample to only Phase I

of the experiment. We obtain similar results. The coe�cients on the control

variables (omitted to save space) have the expected signs and magnitudes. We

find for example that women in wealthier households are more likely to give

birth in a health facility, rural households are less likely to give birth in a

health facility and maternal schooling is strongly predictive of an institutional

18



birth. We do not find any e↵ect of maternal age at the time of birth or of

birth order.

Looking at the coe�cient on the year dummies (and also from Figures 2

and 3), it is clear that there is a strong time trend in the rate of institu-

tional deliveries – facility births were also increasing in control districts. As

we mentioned in Section 3, budgets for health facilities in control districts

were increased by an amount equivalent to the average of the incentive pay-

out to treated facilities to allow evaluators distinguish the income e↵ect from

the incentive e↵ect of the P4P program. To the extent that these additional

payments were invested in sta↵ salaries or in improving health facility quality,

this might help to explain the increase in control districts.

In the first stage we tried alternative specifications in which we interacted

the treatment dummy with maternal schooling, household wealth, the gender

of the baby, and with the urban/rural dummy to create multiple excluded

instruments but the simple specification with only one instrument resulted in

the strongest first stage. Results from these alternative specifications are not

shown but are available on request.

6.2 Second-stage Results

In Table 5, we present the IV estimates. In Panel A, the dependent variable

is neonatal mortality (deaths within the 1st 30 days), while in Panel B the

dependent variable is early neonatal mortality (deaths within the first week).

As before, Column 1 includes no additional controls save for district and birth

year dummies, in column 2 we include controls for a set of pre-determined

birth characteristics, including the baby’s gender, birth order, whether it was

a singleton or multiple birth, the age of the mother and her partner at time

of birth, and time interval since the last pregnancy. In column 3 we add in

controls for respondent and household characteristics measured at the time

of the survey. These include dummies for the mother’s level of schooling,

her marital status, religion and relationship to the household head, a dummy

for whether she reports being solely responsible for making decisions about
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her health, household wealth quintile dummies, an urban/rural indicator, and

interview month fixed e↵ects. We report Kleibergen-Paap F-statistics for the

test of weak instruments rather than Cragg-Donald F-statistics because the

errors are non-i.i.d. We also report Shea’s partial R-squared.

The IV estimates are close to zero and are not statistically significant in any

of the specifications. In the models where neonatal mortality is the dependent

variable, the coe�cient in fact reverses sign in two of the three specifications.

Restricting the sample to include only Phase I and dropping the three districts

that were a↵ected by the redistricting exercise does not change the results or

our conclusions (results available on request). As is clear from Table 5, we

have strong instruments; the Kleibergen-Paap F-statistics are above 20 in all

the specifications.

In Table 6 for comparison, we report results from an OLS model. Con-

sistent with our earlier discussion, we find evidence of adverse selection into

facility deliveries. A ‘naive’ OLS regression shows that babies born in hospital

are more likely to die within the first 7 days of birth. On average, a hospital

birth is associated with a 1-percentage point increase in the probability of

dying within the fist week and in two of the three specifications, the coe�-

cient is statistically significant. Unless hospitals worsen birth outcomes, which

seem unlikely, this is evidence of adverse selection. Notice that controlling

for an extensive set of birth, mother, and household level characteristics (as

the epidemiologic studies are wont to do) does not reduce the selection bias,

suggesting that selection is driven by unobserved di↵erences in risk between

hospital and home births. In Table 7 we show results from reduced form mod-

els in which mortality is regressed on the treatment dummy. Not surprisingly,

the coe�cients are also close to zero and statistically insignificant.

To put this results in the context of the literature, our results diverge from

Panis and Lillard (1994) and Maitra (2004). We have already discussed the

possibility that their estimates might be biased upwards. In addition, because

we use data from a di↵erent region (Africa compared to Asia) and from a

much more recent time period, the patterns of health care utilization and the

quality of obstetric care are likely to be di↵erent.
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The treatment e↵ect estimated in this paper applies only to the population

of ‘compliers’ i.e. those induced by the P4P program to give birth in a hospi-

tal. This is however likely to be the relevant LATE for policy makers given

the growing use of incentive programs to bring pregnant women into health

facilities. If compliers are relatively low risk i.e. if these are women who would

have healthy babies regardless of where they deliver, then the treatment e↵ect

of a hospital birth for this population is likely to be small.

Our results o↵er support to some of the more recent literature that find no

e↵ects of institutional delivery programs on neonatal mortality (see Mazumdar,

Mills and Powell-Jackson, 2011). See also Titaley, Dibley and Roberts (2012)

who find no e↵ect of place of delivery on neonatal mortality despite finding a

beneficial e↵ect of prenatal care, and Hatt et al. (2009) who finds little evidence

that the improvements in neonatal survival in Indonesia between 1986 and 2002

had anything to do with increased skilled birth attendance. Jehan et al. (2009)

in a longitudinal follow-up study of 1,369 pregnant women in Pakistan from

20 weeks of gestation through delivery, finds high rates of neonatal mortality

despite the fact that three-quarters of the women gave birth in a health facility.

80 percent of infants who died were born in a hospital or maternity clinic, and

85 percent of the infants who died received medical treatment in a hospital.

Much of this recent literature concludes that quality of health professionals

and health facilities are a key constraint to improvement in health outcomes.

As we mentioned in the literature review section, this paper is also related

to the nascent literature that estimates the returns to formal health care us-

age in developing countries. Adhvaryu and Nyshadham (2011) find a strong

e↵ect of health facility care on malaria using a similar 2SLS approach in con-

trast to our findings here. However malaria and delivery complications such

as birth asphysxia, eclampsia or obstructed labor are drawn from di↵erent

ends of the severity distribution. Uncomplicated malaria is relatively easy to

recognize and manage, the same cannot be said for birth complications. In

a previous study in which we assessed provider competence across more than

200 primary health care clinics in Nigeria using clinical vignettes, we found

that while three-quarters of surveyed providers were able to correctly diagnose
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uncomplicated child malaria, less than 20 percent of those providers were able

to correctly diagnose a case of Pelvic Inflammatory Disease (PID) (Okeke,

2012). See also Wall et al. (2009) who in service assessments carried out in six

African countries, found that 72 %–93 % of birth attendants were not trained

in resuscitation, and basic resuscitation equipment such as bag-and-mask was

missing from 53 %–84 % of facilities.

7 Conclusion

Current global health policies emphasize institutional deliveries as a path-

way to achieving MDG targets of reductions in maternal and child mortality.

Given this emphasis, a growing number of countries are implementing pro-

grams to incentivize women to give birth in a health facility. Conditional cash

transfers (CCT) that reward women for giving birth in a hospital are becom-

ing increasingly popular. As we however argued in the introduction, whether

these programs pass a cost-benefit test depend crucially on the causal e↵ect

of hospital births on mortality. Estimates of this parameter are however hard

to come by. While in the abstract, better care at the time of delivery should

improve health outcomes, studies from many developing countries continue

to show that care provided in a health facility does not necessarily equate

to higher quality care. In this paper we have attempted to generate causal

estimates of the e↵ect of hospital births on newborn mortality. We find no

statistically significant e↵ects of facility births on neonatal mortality in any of

our specifications.

There are several caveats we need to mention: first we were unable to study

e↵ects on maternal mortality because while the DHS collects data on maternal

deaths (defined as deaths that occurred during pregnancy, childbirth, or within

two months after the birth or termination of a pregnancy), the way the data is

collected makes it impossible to determine whether the death occurred in that

district or in a di↵erent district. In addition the DHS does not ask where the

birth took place (hospital or home). It is therefore possible that while we find

no beneficial e↵ects for infants, there might be beneficial health impacts for
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women either through decreased mortality or decreased incidence of maternal

complications. Secondly, null e↵ects for neonatal mortality on average do not

mean that there are no subgroups for whom facility deliveries are beneficial.

Neonatal mortality can be reduced through a range of institutional and

community-based approaches, pre-, peri-, and post-partum (Darmstadt et al.,

2005) and a fixation on increasing rates of institutional deliveries without ad-

dressing other key supply-side constraints is unlikely to result in the large gains

that have been posited. Prevention of intrapartum-related deaths requires not

only recognition of obstetric complications, but functioning referral and trans-

port systems, and timely access to comprehensive care, many of which are

lacking in developing countries. Attempting to increase institutional deliveries

without addressing some of these other constraints is therefore likely to result

in very little improvements in child health outcomes.
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Figure 1: Birth Sample Distribution  
 

 Pre-Implementation 
(2000-2006) 

Phase I 
 (2006-2008) 

Phase II 
 (2008-2010) 

Control Districts 2,521 878 1,037 

Treated Districts 3,495 1,489 1,733 

Total 6,016 2,367 2,770 

   Notes: Figures reported are the number of births 
 



Figure 2: Trends in Facility Deliveries by Rollout Phase  
 

 
 
 
 
 

Figure 3: Trends in Facility Deliveries by Birth Year (2000-2010) 
 



Table 1: Summary Statistics and Balance Test 
 
 

 

 

Total Treated Districts Control Districts     

 

N Mean SD Mean SD Mean  SD Difference p-value 

Neonatal Mortality 6016 0.038 0.192 0.038 0.192 0.038 0.192 0.000 0.982 

Institutional Deliveries 6016 0.259 0.438 0.251 0.434 0.271 0.445 -0.020 0.622 

Skilled Birth Attendance 6015 0.263 0.440 0.256 0.436 0.274 0.446 -0.018 0.648 

At least 4 prenatal visits 3559 0.124 0.330 0.137 0.344 0.108 0.310 0.029 0.217 

Religion is catholic 6032 0.399 0.490 0.410 0.492 0.383 0.486 0.027 0.542 

Mother completed Primary School 6032 0.167 0.373 0.169 0.375 0.163 0.370 0.006 0.784 

Father completed Primary School 6032 0.245 0.430 0.230 0.421 0.266 0.442 -0.037 0.139 

Married 6032 0.879 0.326 0.877 0.328 0.882 0.322 -0.005 0.730 

Age at first birth 6032 20.783 3.221 20.648 3.119 20.970 3.349 -0.323 0.305 

Household size 6032 5.647 1.978 5.626 2.005 5.675 1.938 -0.050 0.642 

Household has electricity 6032 0.028 0.165 0.027 0.163 0.029 0.168 -0.002 0.894 

Owns bicycle 6032 0.155 0.362 0.159 0.366 0.148 0.356 0.011 0.869 

Owns radio 6032 0.495 0.500 0.492 0.500 0.500 0.500 -0.008 0.846 

Notes: Standard errors used to calculate p-values are clustered at district level.      



Table 2: Was there an effect of the P4P Program on Pre- and Post-natal visits? 
 
 At least 4 prenatal visits Total number of prenatal visits 

  (1) (2) (3) (4) (5) (6) 

Treatment 0.0371 0.0385 0.0314 -0.00327 -0.000814 -0.0352 

 

(0.0289) (0.0278) (0.0277) (0.0838) (0.0813) (0.0790) 

Constant 0.122*** -0.427 -0.381 2.451*** 0.965 2.822** 

 

(0.0219) (0.299) (0.340) (0.0802) (0.951) (1.135) 
       
Includes district & year FE Yes Yes Yes Yes Yes Yes 
Includes birth characteristics No Yes Yes No Yes Yes 
Includes other controls No No Yes No No Yes 
Observations 7,323 7,323 7,323 7,323 7,323 7,323 
R-squared 0.064 0.083 0.097 0.039 0.055 0.070 
       
 Postnatal visit in the 1st month Postnatal visit in the 1st week 

 (1) (2) (3) (4) (5) (6) 

Treatment -0.000827 0.000354 -0.00124 0.00337 0.00414 0.00351 

 (0.00801) (0.00778) (0.00682) (0.00648) (0.00628) (0.00539) 

Constant 0.0545*** 0.131 0.103 0.0429*** 0.0503 0.0327 

 (0.0127) (0.0768) (0.0774) (0.0105) (0.0357) (0.0431) 
       
Includes district & year FE Yes Yes Yes Yes Yes Yes 
Includes birth characteristics No Yes Yes No Yes Yes 
Includes other controls No No Yes No No Yes 
Observations 11,176 11,176 11,176 11,176 11,176 11,176 
R-squared 0.020 0.029 0.036 0.017 0.025 0.032 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1           
          



Table 3: Was there an effect of the P4P Program on Quality of Prenatal care? 
 
 Woman’s Weight Measured Woman’s Height Measured 

  (1) (2) (3) (1) (2) (3) 

Treatment 0.00755 0.00884 0.00443 0.0106 0.00994 0.0119 

 

(0.00960) (0.0101) (0.00842) (0.0151) (0.0149) (0.0133) 

Constant -0.00687 -0.344*** 0.0395 -0.00898 -0.325*** 0.264 

 

(0.0120) (0.101) (0.147) (0.0170) (0.108) (0.166) 
       
Includes district & year FE Yes Yes Yes Yes Yes Yes 
Includes birth characteristics No Yes Yes No Yes Yes 
Includes other controls No No Yes No No Yes 
Observations 11,176 11,176 11,176 11,176 11,176 11,176 
R-squared 0.543 0.561 0.590 0.279 0.293 0.312 
       
 Tetanus Vaccination Malaria Prophylaxis 

 (1) (2) (3) (1) (2) (3) 

Treatment -0.00185 -0.00560 -0.00739 0.0360 0.0365 0.0336 

 (0.0160) (0.0162) (0.0149) (0.0251) (0.0238) (0.0232) 

Constant 0.217*** 0.863*** 0.832*** 0.912*** 1.227*** 0.853*** 

 (0.0225) (0.248) (0.257) (0.0255) (0.0836) (0.239) 
       
Includes district & year FE Yes Yes Yes Yes Yes Yes 
Includes birth characteristics No Yes Yes No Yes Yes 
Includes other controls No No Yes No No Yes 
Observations 11,176 11,176 11,176 11,176 11,176 11,176 
R-squared 0.047 0.272 0.281 0.548 0.569 0.576 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1           



Table 4: First Stage – What was the effect of the P4P Program on Institutional Births? 
 
 Total Sample Phase I Sample  

  (1) (2) (3) (1) (2) (3) 

Treatment 0.0927*** 0.0996*** 0.0925*** 0.106*** 0.115*** 0.112*** 

 
(0.0228) (0.0244) (0.0188) (0.0288) (0.0309) (0.0204) 

Year = 2001 -0.00309 0.00500 0.0128 -0.00301 0.00525 0.0131 

 
(0.0210) (0.0195) (0.0178) (0.0209) (0.0193) (0.0178) 

Year = 2002 -0.00314 0.00947 0.0192 -0.00328 0.00890 0.0188 

 
(0.0212) (0.0184) (0.0200) (0.0212) (0.0184) (0.0202) 

Year = 2003 0.0202 0.0272 0.0381* 0.0209 0.0282 0.0384* 

 
(0.0229) (0.0211) (0.0212) (0.0227) (0.0209) (0.0213) 

Year = 2004 0.0321 0.0402** 0.0569*** 0.0327 0.0395** 0.0561*** 

 
(0.0209) (0.0187) (0.0194) (0.0206) (0.0184) (0.0194) 

Year = 2005 0.0326 0.0385 0.0508** 0.0336 0.0383 0.0496** 

 
(0.0290) (0.0304) (0.0234) (0.0291) (0.0298) (0.0233) 

Year = 2006 0.199*** 0.191*** 0.103* 0.196*** 0.188*** 0.0870 

 
(0.0317) (0.0342) (0.0507) (0.0327) (0.0356) (0.0513) 

Year = 2007 0.290*** 0.284*** 0.204*** 0.284*** 0.275*** 0.181*** 

 
(0.0308) (0.0328) (0.0521) (0.0335) (0.0352) (0.0542) 

Year = 2008 0.360*** 0.343*** 0.269*** 0.365*** 0.349*** 0.264*** 

 
(0.0294) (0.0335) (0.0496) (0.0341) (0.0385) (0.0534) 

Year = 2009 0.406*** 0.380*** 0.311*** 
   

 
(0.0373) (0.0417) (0.0596) 

   Year = 2010 0.466*** 0.431*** 0.360*** 
   

 
(0.0386) (0.0411) (0.0591) 

   Constant 0.235*** 0.691*** 1.011*** 0.233*** -0.0514 0.335 

 
(0.0188) (0.233) (0.262) (0.0180) (0.251) (0.340) 

Includes district 
& year FE Yes Yes Yes Yes Yes Yes 

Includes birth 
characteristics No Yes Yes No Yes Yes 

Includes other 
controls No No Yes No No Yes 

Observations 11,153 11,153 11,153 8,383 8,383 8,383 
R-squared 0.186 0.245 0.300 0.101 0.164 0.239 
F-test of excluded 
instrument  16.56 16.68 24.12 13.58 13.85 30.15 

P-value 0.0007 0.0007 0.0001 0.0017 0.0016 0.0000 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1     
  



Table 5: Effect of Institutional Births on Neonatal Mortality – 2SLS Estimates 
 

 Neonatal Mortality Early Neonatal Mortality 

  (1) (2) (3) (1) (2) (3) 
              
Institutional Birth -0.00177 0.00217 0.00375 -0.000858 -0.00147 -0.00257 

 

(0.0854) (0.0746) (0.0800) (0.0730) (0.0605) (0.0666) 

       Includes district & year FE Yes Yes Yes Yes Yes Yes 

Includes birth characteristics No Yes Yes No Yes Yes 

Includes other controls No No Yes No No Yes 

Observations 11,153 11,153 11,153 11,153 11,153 11,153 

Shea Partial R2 0.00233 0.00287 0.00261 0.00233 0.00287 0.00261 

Kleibergen-Paap F-statistic 20.80 25.80 22.99 20.80 25.80 22.99 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  
 
 



Table 6: Effect of Institutional Births on Neonatal Mortality – OLS Estimates 
 

 Neonatal Mortality Early Neonatal Mortality 

  (1) (2) (3) (1) (2) (3) 
              
Institutional Birth 0.00800 0.00556 0.00755 0.0103** 0.00805 0.00989* 

 

(0.00495) (0.00513) (0.00539) (0.00449) (0.00480) (0.00484) 

Constant 0.0312*** 0.190** 0.0654 0.0249*** 0.184*** 0.105 

 

(0.00594) (0.0666) (0.0896) (0.00676) (0.0595) (0.0695) 

Includes district & year FE Yes Yes Yes Yes Yes Yes 

Includes birth characteristics No Yes Yes No Yes Yes 

Includes other controls No No Yes No No Yes 

Observations 11,153 11,153 11,153 11,153 11,153 11,153 

R-squared 0.002 0.032 0.036 0.002 0.030 0.035 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1      



Table 7: Effect of Institutional Births on Neonatal Mortality – Reduced Form Estimates 
 

 Neonatal Mortality Early Neonatal Mortality 

  (1) (2) (3) (1) (2) (3) 
              
Institutional Birth -0.000164 0.000216 0.000347 0.00147 0.00148 0.00129 

 

(0.00816) (0.00765) (0.00764) (0.00700) (0.00619) (0.00627) 

Constant 0.0231** 0.185** 0.0761 0.0164** 0.138*** 0.0750 

 

(0.00860) (0.0678) (0.0908) (0.00744) (0.0287) (0.0476) 

Includes district & year FE Yes Yes Yes Yes Yes Yes 

Includes birth characteristics No Yes Yes No Yes Yes 

Includes other controls No No Yes No No Yes 

Observations 11,153 11,153 11,153 11,158 11,158 11,158 

R-squared 0.001 0.031 0.035 0.001 0.029 0.034 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  



Appendix 
 
 

Table A.1: Schedule of Payments for services incentivized by the P4P Program 
 

Indicator Unit Payment (USD) 

Curative care visit 0.18 

First prenatal care visit 0.09 

Completion of 4 prenatal visits 0.37 

First time family planning visit 1.83 

Contraceptive resupply visit 0.18 

Delivery in the facility 4.59 

Child preventive care visits (0 - 59 months) 0.18 

Tetanus vaccine received during prenatal care 0.46 

Malaria prophylaxis received during prenatal care 0.46 

At risk pregnancies referred to hospital for delivery 1.83 

Emergency transfers to hospital for obstetric care 4.59 

Completed child vaccinations 0.92 

Malnourished children referred for treatment 1.83 

Other emergency referrals 1.83 

 


