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a b s t r a c t

Despite significant global efforts to improve vaccination coverage against major childhood diseases, vacci-
nation rates are below 90%. To eradicate diseases such as measles, however, vaccination rates close to 95%
are needed. We use a randomized experiment to investigate the effect of a demand incentive, a conditional
cash transfer program, in improving vaccination coverage in rural Nicaragua. Double-difference estimates
show the program led to large increases in vaccination coverage, and these resulted in vaccination levels
greater than 95% for some vaccines. Effects were especially large for children who are typically harder to
reach with traditional supply-side interventions.
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. Introduction

Reducing the burden of illness and mortality from preventable
iseases through vaccination is a key component of public health
olicy. Impressive achievements have been made worldwide; for
xample, smallpox was eradicated in 1977 and global vaccination
ates reached 75% against the major childhood diseases in the mid-
990s.1 Presently, efforts are under way to eradicate polio and many
ountries are working to eliminate measles (Quadros et al., 2003;
iller et al., 2006).2 Though eradication is costly, the long-term

nancial gain can be large. For example, the payoff for eradicating
olio is estimated to be as high as $ 1 billion per annum, since
t eliminates the need for future prevention and treatment of the
fflicted and avoids their potentially lost economic contributions
o society (GPEI, 2003; Khan and Ehreth, 2003).

∗ Corresponding author. Tel.: +1 303 492 0237; fax: +1 303 492 6924.
E-mail addresses: tania.barham@colorado.edu (T. Barham),

ohn.maluccio@middlebury.edu (J.A. Maluccio).
1 These include tuberculosis, measles, polio, diphtheria, pertussis and tetanus.
2 In the public health literature, eradication of a disease refers to complete global

radication while elimination refers to the elimination of a disease within a partic-
lar country or region.
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Despite these successes, two million children die each year
rom vaccine preventable diseases (WHO, 2008). This is in part
ecause global vaccination levels for major childhood diseases
ave been static for a decade (Foster et al., 2006), leaving approx-

mately 26 million children worldwide inadequately protected
UNICEF, 2008). Even the better performing regions are expected
o plateau below 90% coverage rates for the third dose of the
iphtheria–pertussis–tetanus vaccine (DPT3), a standard indicator
or overall vaccination program effectiveness (WHO, 2006). More-
ver, high average coverage rates hide large disparities both across
nd within countries (WHO/UNICEF, 2007).

To eradicate diseases such as measles, vaccination coverage rates
lose to 95% are needed (Barrett and Hoel, 2003). With the expe-
ience of the past decade in mind, however, it would appear that
ew strategies may be required to reach such levels. Geoffard and
hilipson (1997) argue that the “demand side” is critical for eradica-
ion because as the prevalence of a disease declines so, too, does the
emand by individuals to be vaccinated against that disease. This
otentially allows the disease to resurge. Their theoretical model

emonstrates that even traditional price subsidies (such as free vac-
ination at health facilities) and mandatory vaccination programs
ay be limited in their ability to eradicate a disease. Xie and Dow

2005) explore the supply and demand sides of vaccination empiri-
ally and find that both supply-side factors (e.g., the price of vaccine

http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
mailto:tania.barham@colorado.edu
mailto:john.maluccio@middlebury.edu
dx.doi.org/10.1016/j.jhealeco.2008.12.010
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rural municipalities of central Nicaragua4; take-up was approxi-
mately 90%. The purpose of RPS was to reduce both current and
future poverty through conditional cash transfers for health and
education attainment. Beneficiary households in the treatment
12 T. Barham, J.A. Maluccio / Journal

ervices), as well as demand-side factors (e.g., maternal educa-
ion) are important household-level determinants of vaccination.

ost national vaccination strategies, however, focus on the supply
f vaccinations, including taking services directly to the house-
old during mass vaccination campaigns. Demand-side strategies
end to be limited to awareness raising or social mobilization cam-
aigns, which may miss some important groups such as children of
oorly educated mothers. As a result, stronger demand-side incen-
ives may be needed to increase vaccination coverage to the levels
eeded for eradication.

We examine how a conditional cash transfer (CCT) program,
hich includes a substantial demand-side component, affects

accination rates in rural Nicaragua. Prior to the program’s imple-
entation, Nicaragua, with the lowest GDP per capita in Central
merica, had vaccination rates below 90%. It thus provides a low-

ncome setting to assess whether CCTs can boost coverage to 95%.
he analysis uses a randomized experimental evaluation of a pilot
CT program, the Red de Protección Social (RPS), to provide double-
ifference estimates of the program’s effects. After 2 years of
rogram operation (2000–2002), there were large effects, espe-
ially for typically hard to reach populations such as children whose
others were less educated or who lived further away from a health

acility. The program pushed coverage rates for children 12–23
onths old above 95% for DPT3 in the treatment group, compared
ith 85% in the control group. In contrast, coverage for the same

ge group for DPT3 for the country as a whole was 83% when RPS
egan in 2000 and had reached only 86% by 2005 (WHO/UNICEF,
007).

. Background

.1. Government vaccination programs in Nicaragua

The Ministry of Health in Nicaragua has a two-pronged vac-
ination strategy: to provide vaccinations at government health
acilities and to hold vaccination campaigns which typically take
accines to a child’s house. Each year between 1999 and 2002, two,
onth-long vaccination campaigns against all the major childhood

iseases were conducted. The government does not rely only on
he provision of vaccines at health facilities because there is incom-
lete coverage of the population and because such a strategy relies
n individuals bringing their children to the facility—a preventive
ealth care decision that may depend on location and quality of
he facilities, as well as on individual and household character-
stics which alter the perceived costs and benefits of vaccination
Philipson, 1996; Mullahy, 1999; Xie and Dow, 2005). Using these
wo methods of vaccination, officially reported vaccination rates in
icaragua as a whole prior to the program in 2000 were 96% for the
accine against tuberculosis, Bacille Calmette-Guérin (BCG), 86% for
he measles containing vaccine (MCV), 85% for the third dose of oral
olio vaccine (OPV3), and 83% for DPT3 (WHO/UNICEF, 2007).

.2. CCTs and vaccinations

CCT programs are social programs designed to break the inter-
enerational continuity of poverty. Their basic premise is that a
ajor cause of the transmission of poverty is the inability of poor

ouseholds to invest in the human capital of their children. To pro-
ide an incentive to invest in human capital enhancing activities

nd to alleviate possible credit constraints inhibiting such invest-
ents, cash transfers are given to families conditional upon family
embers engaging in behaviors to improve their health, education

nd nutrition status. This effectively transforms cash transfers into
uman capital subsidies for poor households.

i

t
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Most CCT programs which aim to improve the health status
f poor populations make concerted efforts to improve the sup-
ly of health services as well as providing demand-side incentives.

mprovements in supply may be necessary, since conditionalities
annot be met if there are no services, and cannot be met by all if
here are inadequate services. Even in places with adequate current
upply, the increased utilization brought about by CCT programs
ould lead to crowding and a decline in quality if the supply does
ot adjust for the increased demand.

To date, vaccinations have not typically been an explicit condi-
ionality in CCT programs, however they are almost always included
mong the services provided under a general health care condi-
ionality, such as required preventive health care visits. Therefore,
hese programs differ from the traditional vaccination strategies
n that they give individuals a monetary incentive to travel to the
ealth facility to receive a package of services, including vaccina-
ions. This is in contrast to a mass vaccination campaign, during
hich the government provides vaccinations only, but closer to the

hild’s house. Along with the cash transfers, this embedding of vac-
ination within a larger provision of health services may increase
he demand for vaccinations above that of the traditional vaccina-
ion programs. For example, if there are complementarities among
ifferent inputs into the production of child health, the marginal
ffect of vaccination may be higher when coupled with these other
nputs, increasing the demand for vaccination (Behrman and Wolfe,
987; Strauss and Thomas, 1995).

There is limited research on the impact of CCTs on vaccination
overage. Barham et al. (2007) examine the effect of the Mexi-
an CCT program, Oportunidades, in rural areas using data from a
andomized experiment. Due to measurement problems for some
accines, their analysis is limited to examining coverage of MCV
nd BCG. They find small average program effects, on the order of
percentage points, and argue that this is due to high coverage

ates (above 90%) before the program. They also find heteroge-
eous effects for sub-populations, with larger effects for those
hildren whose mothers were less educated or who lived further
way from a health facility. Morris et al. (2004) examine the impact
f a conditional voucher program in rural Honduras, also using a
andomized experiment. They find small significant increases for
he first dose of DPT and no effect for MCV, but do not investigate
PT3 or sub-population effects. We extend the current literature
y (1) investigating the effects of a CCT on the vaccines against all
he major childhood diseases for different age groups; (2) examin-
ng the heterogeneity of effects for important sub-populations such
s children whose mothers were less educated; and (3) assessing
he robustness of the results to measurement error using two data
ources, one of which is high-quality administrative data including
early all children in the randomly assigned treatment and con-
rol groups. This last extension to previous work is important since
accination data from household surveys are likely to be measured
ith error (Valadez and Weld, 1992).

.3. The Red de Protección Social

RPS began in 2000 as a pilot program in 42 localities3 in six poor
3 Localities included between one and five small communities averaging approx-
mately 100 households each.

4 See Maluccio (2009) for more detail on the municipality- and locality-level
argeting.
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roup began the program and received conditional transfers in
ovember 2000, while the control group households became ben-
ficiaries two and a half years later. Separate transfers were made
or, and different conditions applied to, the health and educa-
ion components of the program. The mother in the beneficiary
ousehold received the cash transfer for health contingent on
er (1) bringing her children to scheduled preventive health care
ppointments—once a month for children under 2 years of age, and
imonthly (every other month) for those between two and five;
2) attending bimonthly health educational workshops and; (3)
nsuring adequate weight gain for her children. Health services at
he scheduled visits included growth monitoring, vaccination, sup-
lementation for anemia and provision of anti-parasite medicine.
hile vaccination coverage for an individual child was not an

xplicit requirement for receipt of the cash transfer, providers were
aid to deliver vaccinations during scheduled visits. In the event a
accine was not available, beneficiaries received the vaccination in
subsequent visit. This may result in lower levels of vaccination
tilization than if vaccination receipt had been an explicit condi-
ion. Receipt of the separate education transfer was contingent on
ll children in the household aged 7–13 who had not yet completed
th grade enrolling in school and attending at least 85% of the time.

The cash transfers were made bimonthly to beneficiary
ouseholds5 who met the conditionalities during the prior 2
onths.6 During the first 2 years of the program, the average

nnual family transfer was $ 272 dollars, or approximately 17% of
re-program total annual household expenditures. All beneficiary

amilies with children received a health transfer of approximately
37 every 2 months (for a total of $ 224 a year) if every health

onditionality was met. The education transfer included $ 112 per
ousehold per year and a per beneficiary child transfer for school
upplies of $ 21 per year. Receipt of the education transfer was not
ied to meeting the health conditionalities or vice versa.

Due to low coverage in the program area and the concern that
he Ministry of Health could not expand its services in time to meet
n increased demand for services, RPS contracted and trained pri-
ate health providers (Regalia and Castro, 2007). Beneficiaries were
equired to use those providers for fulfillment of the conditions and
ll services were free of charge. Providers visited program areas on
cheduled dates and delivered services in existing health facilities,
ommunity centers, or private homes. As such, these services were
enerally at least as close to the beneficiary households as the near-
st health facility, and often much closer. They were likely not as
lose to the house, however, as the typical vaccination campaign
ervices would have been. There was a delay in organizing provi-
ion of these health services to beneficiaries, so they only became
vailable starting in May 2001. As a result, there were neither health
ervices nor enforced conditionalities relating to the health transfer
uring the first 8 months of transfers.

. Evaluation design and data

.1. Evaluation design
A 2000–2002 evaluation for RPS was implemented based on
randomized, locality-based intervention in 42 localities. The

andomization took place at a public event in which represen-

5 Households determined to have significant economic resources were not eligible
or the program (this affected 7% of households in the treatment group). Approxi-

ately 4% of eligible households chose not to participate in the program (Maluccio,
009).
6 Maluccio and Flores (2005) describe how compliance and randomization was

nforced and monitored.
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atives from the localities, the Government of Nicaragua, the
nter-American Development Bank, the International Food Policy
esearch Institute and the media were present. To ensure that the
election of localities into treatment and control groups was well
tratified by wealth, a poverty index was created for each local-
ty and seven groups of six localities with similar wealth rankings

ere created. From each of these sets of six, three localities were
andomly selected for inclusion in the treatment group and three
n the control group.

.2. Data

.2.1. RPS household survey data
The first data source we use is a household panel survey col-

ected for the RPS evaluation (hereafter, survey data). These data
nclude the number of doses received since birth for all vaccinations
gainst the four major childhood diseases. The interview protocol
as to ask for the child’s health card (on which vaccinations should
e recorded) and, if that was unavailable or incomplete, to rely on
he mother’s report; the source of vaccination information also was
ecorded. In addition, a locality-level survey was conducted each
ound to collect information including the availability of govern-
ent and private health facilities.
The baseline survey was carried out on 1581 households in

ugust/September 2000 (before the program began) and was a
lustered random sample of approximately 15% of the population
n the 42 localities. Two follow-up rounds took place in October
001 and 2002, 5 and 17 months after the May 2001 start of the
rogram’s health and nutrition services. Household-level attrition
ates in the second and third rounds are similar to comparable
urveys (Alderman et al., 2001; Thomas et al., 2001) and across
reatment and control groups (Maluccio and Flores, 2005).7

We limit the sample to children ages 0–35 months and for whom
accination data is available in at least one of the three survey
ounds. This yields a total sample of 2229 observations with 866
t baseline, 751 in 2001 and 612 in 2002. The sample is divided
venly between the treatment (49%) and control (51%) groups.

.2.2. RPS administrative data
The second data source we use is administrative data which RPS

ollected for operational purposes. The program collected data on
asic individual- and household-level characteristics, as well as on
accinations. The individual and household data were collected in a
ensus of all households in the 42 treatment and control localities in
ay 2000, before the program began. They included information on

emographic and educational background, housing characteristics
nd ownership of assets. The vaccination data included vaccination
istories, which were collected during the first preventive health
are visit by the health care providers, and all on-going vaccination
nformation in subsequent visits. Mothers were instructed to bring
heir health cards to all visits (and were issued them as necessary)
nd the data were verified and recorded by trained health profes-
ionals. These data provide the type and date of application for all
accines administered to the child since birth.

The vaccination data were collected on all beneficiaries (under
years of age) in the treatment group beginning in mid-2001. In

he control group, however, the collection of vaccination data began

ater, in mid-2003, when RPS extended the program to the controls.
s a result, the administrative data can be used to determine the
accination status for nearly all of the original treatment and con-
rol children less than 24 months old at the time of the household

7 Of the 1581 households interviewed at baseline, 91.9% were re-interviewed in
001, and 88.4% in 2002.
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urveys (in 2000, 2001, and 2002). Unlike the household survey,
owever, there is no information on children aged 24–35 months

n the control group in 2000 because those children were older than
ve in mid-2003 and therefore were not monitored by the program.
he total sample includes 9986 observations with 3922 at baseline,
382 in 2001 and 2682 in 2002.

There are two advantages of the administrative data over the
urvey data. First, the sample size is much larger, with 9986 chil-
ren under 24 months as compared to 1417 in the survey data for
he same age range. Second, the administrative data are almost
ertainly more accurate because the health professionals collect-
ng them were well trained and were responsible for a narrower
ange of topics than the enumerators collecting the survey data.
uch health care provider data are often treated as the gold stan-
ard in studies investigating the validity of reported vaccinations
rom other types of surveys (Suarez et al., 1997; Murray et al., 2003).

In contrast to the random sample for the survey data, the admin-
strative sample is selected since only children living in households
hat (eventually) participated in the program are included. Partici-
ation rates were on the order of 90% for both groups and selection
ules and outreach efforts were the same. Therefore we argue that
he selection process was the same and is unlikely to have a large
ffect on the estimates.

.3. Dependent variables

Both the survey and administrative data recorded the num-
er of doses each child had received since birth of each of the
ollowing: (1) a tuberculosis vaccine (BCG); (2) a measles con-
aining vaccine (MCV); (3) an oral polio vaccine (OPV); and (4) a
iphtheria–pertussis–tetanus vaccine (DPT). A binary dependent
ariable was created to measure coverage for each vaccine—it takes
he value one if a child received all of the recommended doses of
hat vaccine at the time of each survey, and zero otherwise. A child
s not considered to be vaccinated against DPT or polio unless he or
he has received their third dose of each vaccine (DPT3 or OPV3).

International public health organizations typically use <12-
onth and 12–23-month age groups to evaluate up-to-date

accination coverage for a child, depending on when the vac-
ine is recommended to be administered (Bolton et al., 1998;

HO/UNICEF, 2007). We use these same age groups to evaluate
hether a child was vaccinated by the appropriate age, or what we

efer to as “on-time,” with BCG, MCV, OPV and DPT. Table 1 shows
he vaccination schedule published by the Ministry of Health in
icaragua. The schedule prescribes that the BCG vaccine should
e given at birth; therefore we use the <12-month age group for
easuring on-time BCG vaccination rates. For MCV, OPV and DPT

accines, the 12–23-month age group is used to assess on-time vac-

ination. This is because MCV is scheduled to be given at 12 months
f age, and a large proportion of children <12 months of age would
ot yet have received all three doses of OPV or DPT vaccines by the
ime there were 12 months old.

able 1
asic vaccination schedule for up-to-date vaccinations in Nicaragua.

isease Vaccine Dose Ages given

uberculosis BCG 1 At birth
easles MCVa 1 12 months

olio OPV 3 2, 4, 6 months
iptheria–pertussis–tetanus DPTb 3 2, 4, 6 months

a Beneficiaries could have received a dose of the measles vaccine or the MMR
measles, mumps, rubella) vaccine to be immunized against measles.

b Beneficiaries could have received DPT or the pentavalent vaccine (or a combi-
ation of both).
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In addition to on-time vaccination, we look at older age groups to
ssess possible program effects on late application of vaccines, or
hat we refer to as “catch-up.” While on-time vaccination offers

etter protection, catch-up still provides public health benefits
Bolton et al., 1998) and therefore is important for eradication. For
CG, we examine catch-up vaccination for both 12–23- and 24–35-
onth olds. For all other vaccines, catch-up is for the 24–35-month

lds.
There are several reasons why the effect of RPS may differ across

accine types, leading us to examine each vaccine type individually.
irst, each vaccine combats a different disease with its own preva-
ence and potential consequences. As a result, the real and perceived
enefits of immunization may vary across diseases. Second, the real
nd perceived costs may vary across vaccine types, since vaccines
an differ in at least three ways: (1) number of doses; (2) age at
hich they are prescribed; and (3) application modality (oral versus

njection). Another reason for which analyzing program effects by
accine type is important is that public health efforts aimed at elim-
nation or eradication typically focus on one disease type at a time,
s with the Global Polio Eradication Initiative. Therefore, for both
n-time and catch-up, we examine the effect of RPS on vaccination
or each individual vaccine, as well as for a summary measure of
hether the child was fully vaccinated (FVC) for all four vaccines.

he child with all four vaccines by age 12–23 (24–35) months is
onsidered fully vaccinated on-time (in the catch-up period).

. Methods and empirical model

We estimate the effect of RPS on vaccination coverage for chil-
ren under three. We evaluate whether a child was vaccinated with
CG, MCV, OPV3, DPT3, and if the child was fully vaccinated with
ll four vaccines (FVC) and exploit the random assignment to cre-
te a control group to examine the counterfactual. In this section,
e provide evidence that the randomization led to well-balanced

reatment and control groups and then present the main empirical
ethods.

.1. Outcome of the randomization

While the selection of treatment and control localities was ran-
om (Section 3.1), it remains important to examine if the observable
haracteristics were well balanced by the randomization (Roberts
nd Torgerson, 1999). Using the survey data, we examine dif-
erences in means at baseline between treatment and control
roups for vaccination rates for each age group (Table 2). Nine of
he 11 measures we examine are very similar, with initial differ-
nces of 2 percentage points or less. The remaining two (BCG for
2–23-month olds and OPV3 for 24–35-month olds), suggest their
overage was higher, by about 5 percentage points, in the control
roup. However, none of the differences are statistically different.8

In Table 3, we examine differences in means at baseline between
reatment and control groups for an array of individual, parental,
ousehold and locality characteristics associated with child health
are. For the sample of children under age 3 in 2000, differences
n means of these important characteristics are also small (rel-

tive to the overall means) and statistically insignificant for all
ut one of the 29 factors examined—mother’s age. Even mother’s
ge, however, differed by <1 year compared with an average of 27
ears.

8 An anonymous referee observed that the p-values from such tests may be prob-
ematic since any observed differences between the groups are random, having
esulted from a random selection.
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Table 2
Difference in baseline (2000) means of dependent variables by treatment status.

Treatment (T) Control (C) Difference (T − C)

Mean N Mean N Mean S.E.

<12 months
BCG 0.77 125 0.82 134 −0.06 (0.07)

12–23 months
BCG 0.95 164 0.93 142 0.02 (0.03)
MCV 0.70 164 0.69 142 0.01 (0.08)
OPV3 0.76 164 0.80 142 −0.05 (0.07)
DPT3 0.68 164 0.67 142 0.01 (0.08)
FVC 0.54 164 0.55 142 −0.01 (0.08)

24–35 months
BCG 0.91 146 0.92 155 −0.01 (0.03)
MCV 0.85 146 0.86 155 −0.01 (0.05)
OPV3 0.82 146 0.85 155 −0.02 (0.07)
DPT3 0.75 146 0.75 155 −0.01 (0.08)
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FVC 0.68 146 0.66 155 0.01 (0.08)

otes: the standard errors (S.E.) are clustered at the locality level. None of the dif-
erences in means (T − C) are statistically different.

Finally, we examine if the differences in baseline coverage
ates and observable characteristics are less than 0.25 standard
eviations apart (Imbens and Wooldridge, 2008), and find there

s only one variable with a difference larger than 0.25. Taken
ogether, these findings strongly suggest that the randomization
dequately balanced the treatment and control groups on a range of
easures.

.2. Empirical specification

We use a double-difference estimator to determine the average
ffect of the program since it controls for the baseline differences
n the vaccination rates. This estimator also controls for all charac-
eristics that do not change over time within treatment and control
roups and all characteristics that do change over time, but in the
ame way in each of the groups.

The main regression equation is

icmt = ˇ0 + ˇ1 2001t + ˇ2 2002t + ˇ3Tcm + ı1Tcm2001t

+ ı2Tcm2002t + εicmt, (1)

here Vicmt = 1 if child i from locality c in municipality m in time
eriod t is vaccinated and zero otherwise, 2001t = 1 if year is 2001
nd zero otherwise, 2002t = 1 if year is 2002 and zero otherwise,
cm = 1 if in treatment group, i.e., program in locality c in munici-
ality m and zero otherwise, εicmt = unobserved idiosyncratic error
assumed to be uncorrelated with all other variables).

We estimate (1) using ordinary least squares (OLS).9 Standard
rrors are calculated allowing for heteroskedasticity and for clus-
ering at the level of the locality.10 The parameters of interest are
1 and ı2, where ı1 is the double-difference estimate of the pro-
ram effect for 2001 (relative to 2000) and ı is that for 2002
2
relative to 2000). The program effects are identified by the ran-
omized design. Because we do not condition on actual program
articipation (which was approximately 90%) when using the sur-
ey data, but only on whether the household resides in a treatment

9 Non-linear models that use maximum likelihood methods are often employed
f the dependent variable is binary. When vaccination rates are 100% for certain sub-
roups (such as BCG for 12–23-month olds in the treatment group in 2002), such
odels cannot be estimated. Where possible, we compare the linear probability

stimates to logit and probit estimates and find no substantial differences in the
stimated marginal effects or significance levels.
10 Results are similar when regressions are weighted by sample probabilities.
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ocality, the estimates reflect the “intent-to-treat” average effect of
he program (Ravallion, 2008). Given the randomized design, it is
ot necessary to include other variables in this regression for the
onsistency of ı1 and ı2. These estimates are our main results.

The program was randomized at the locality level and Sec-
ion 4.1 provided evidence that this randomization was successful.
evertheless, we conduct some further robustness checks. Given

hat government health service delivery is organized at the
unicipality- and not the locality-level, it remains a concern that

ome municipality-level characteristics were not well balanced
etween the treatment and control groups. Therefore, we also esti-
ate models in which we include municipality fixed-effects, as well

s the set of baseline locality-level characteristics shown in Table 3.
f we find substantial changes in the estimated program effects, it
ould be cause for concern that municipality-level variables were
ot well balanced. Finally, because they may enhance precision
e also include the array of baseline individual- and household-

evel characteristics in Table 3. The inclusion of these latter controls
id not improve the precision or appreciably change the estimated
ffects, so they are not shown.

. The effect of RPS on vaccination

First, we present results for children under three based on the
urvey data and then replicate those results using the administra-
ive data for all but the 24–35-month olds. We then incorporate
nformation on the distance between treatment and control locali-
ies to explore possible spillover effects, considering each of the two
atasets in turn. Finally, in Section 6, we merge the two datasets
ogether at the individual level, to explore potential measurement
rror biases.

Table 4 reports the mean vaccination rates by survey year for
reatment and control groups, as well as the double-difference esti-

ated impacts of RPS for three age groups: (1) <12 month olds; (2)
2–23-month olds; and (3) 24–35-month olds. For the discussion,
e organize the different age groups into on-time and catch-up

roups.

.1. On-time effects

Table 4 shows that on-time vaccination coverage rose dramat-
cally in the treatment group, from 68–77% in 2000 to 87–97% in
002. Over the same period, however, there was also a substantial
ise in vaccination rates in the control group. For example, coverage
or BCG for <12-month olds rose from 82% in 2000 to 91% in 2001.
evertheless by 2002, only in the treatment group did vaccination

ates for all vaccines except MCV reach levels at or near 95%, the
ate considered necessary for eradication of some diseases.

Table 4 also reports the intent-to-treat double-difference esti-
ates with and without the municipality- and locality-level

ontrols. The results without controls represent our main findings
nd will be the focus of our discussion.11 The effects of the pro-
ram on vaccination coverage for each of the vaccines for 2001 and
002 are similar with and without controls (all within 2 percentage
oints). This suggests our results are not biased by our concern that
unicipality-level variables may not have been well balanced after
andomizing at the locality level.
For the 2001 survey, the double-difference estimates of the

ffects of RPS on on-time vaccinations are 9 percentage points for
CG, 15 percentage points for MCV, 14 percentage points for OPV3,

11 Estimated effects based on logit regression for those vaccines and age groups,
here estimation was possible, were on average 2 percentage points lower (ranging

etween 0 and 3 percentage points).
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Table 3
Difference in baseline (2000) means of individual, household and locality variables by treatment status.

Treatment (N = 435) Control (N = 431) Difference

Mean S.D. Mean S.D. Mean t-statistic

Individual characteristics
Age in months 18.39 (9.89) 18.59 (10.35) −0.20 −0.29
Male (=1) 0.50 (0.50) 0.50 (0.50) 0.00 0.13

Household characteristics
Block wall (=1) 0.14 (0.35) 0.13 (0.34) 0.01 0.17
Dirt floor (=1) 0.84 (0.37) 0.82 (0.38) 0.02 0.34
Zinc roof (=1) 0.53 (0.50) 0.53 (0.50) 0.00 0.02
Tile roof (=1) 0.28 (0.45) 0.32 (0.47) −0.04 −0.42
Number of rooms in house 1.40 (0.79) 1.49 (0.82) −0.09 −1.06
Owns house (=1) 0.74 (0.44) 0.76 (0.43) −0.03 −0.41
Latrine in house (=1) 0.54 (0.50) 0.47 (0.50) 0.07 1.02
House has electricity (=1) 0.20 (0.40) 0.18 (0.38) 0.03 0.47
Piped water into house (=1) 0.01 (0.12) 0.03 (0.16) −0.01 −0.76
Value of durable assets 368 (1487) 306 (788) – 0.45
Land owned (square meters) 14159 (15081) 15231 (20537) −1072 −0.56
At least one animal (=1) 0.12 (0.32) 0.13 (0.33) −0.01 −0.37
Per capita expenditures 3081 (1941) 2975 (1998) 107 0.44
Father’s years of education 1.77 (1.97) 1.74 (1.94) 0.03 0.16
Mother’s years of education 2.05 (2.28) 2.15 (2.55) −0.10 −0.39
Father’s age 33.54 (9.26) 34.43 (9.77) −0.89 −1.32
Mother’s age 26.80 (7.29) 27.66 (7.71) −0.86 −2.18
Household size 7.24 (3.48) 6.91 (3.13) 0.32 1.09

Locality characteristics
Doctor (=1) 0.15 (0.36) 0.16 (0.37) −0.01 −0.09
Nurse (=1) 0.41 (0.49) 0.33 (0.47) 0.08 0.53
Pharmacy (=1) 0.04 (0.20) 0.06 (0.25) −0.02 −0.28
Health facility (=1) 0.47 (0.50) 0.35 (0.48) 0.11 0.71
Distance to health facility (km) 8.20 (7.55) 6.05 (5.13) 2.15 1.01
Road access (=1) 0.78 (0.41) 0.80 (0.40) −0.02 −0.16
Km to public transport 5.14 (5.79) 4.06 (4.02) 1.08 0.69

Notes: S.D. = standard deviation. The standard errors used to calculate the t-statistics are clustered at the locality level. Per capita expenditures and value of durable assets are
in year 2000 córdobas.

Table 4
Mean vaccination rates by treatment status and double-difference estimates.

Year Mean Double-difference estimate Mean Double-difference estimate

T C OLS S.E. OLS S.E. T C OLS S.E. OLS S.E.

<12 months (N = 658)
BCG 2000 0.77 0.82

2001 0.95 0.91 0.09 (0.07) 0.08 (0.07)
2002 0.93 0.91 0.08 (0.07) 0.06 (0.08)

12–23 months (N = 759) 24–35 months (N = 812)
BCG 2000 0.95 0.93 0.91 0.92

2001 0.99 0.96 0.01 (0.03) 0.00 (0.03) 0.99 0.95 0.06 (0.04) 0.06+ (0.04)
2002 1.00 0.97 0.01 (0.04) 0.01 (0.04) 1.00 0.98 0.04 (0.04) 0.03 (0.04)

MCV 2000 0.70 0.69 0.85 0.86
2001 0.91 0.75 0.15+ (0.09) 0.13 (0.08) 0.94 0.95 0.00 (0.05) 0.00 (0.05)
2002 0.87 0.83 0.03 (0.09) 0.04 (0.09) 0.98 0.87 0.12* (0.06) 0.11+ (0.06)

OPV3 2000 0.76 0.80 0.82 0.85
2001 0.96 0.87 0.14* (0.07) 0.13+ (0.07) 0.99 0.94 0.07 (0.07) 0.08 (0.06)
2002 0.97 0.90 0.11 (0.08) 0.13+ (0.08) 1.00 0.93 0.09 (0.07) 0.08 (0.06)

DPT3 2000 0.68 0.67 0.75 0.75
2001 0.91 0.85 0.05 (0.07) 0.04 (0.07) 0.98 0.91 0.08 (0.07) 0.07 (0.07)
2002 0.97 0.85 0.10 (0.08) 0.11 (0.08) 0.98 0.89 0.10 (0.08) 0.08 (0.08)

FVC 2000 0.54 0.55 0.68 0.66
2001 0.84 0.65 0.20* (0.08) 0.19* (0.08) 0.91 0.87 0.03 (0.08) 0.03 (0.08)
2002 0.86 0.75 0.12 (0.09) 0.14 (0.09) 0.96 0.80 0.15+ (0.08) 0.14 (0.08)

Municipality fixed-effects No Yes No Yes
Locality controls No Yes No Yes

Notes: T = treatment; C = control; OLS = ordinary least square estimate; S.E. = standard error. A “+” indicates the OLS estimate is significant at the 10% level and “*” at the 5%
level. The standard errors are in parentheses and are clustered at the locality level. Locality controls include all locality characteristics listed in Table 3.
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Table 5
Mean vaccination rates by treatment status and double-difference estimates by distance to health facility and mother’s level of education.

Year Health facility > 5 km away Mother’s education < 4 years

Mean D–D estimate Mean D–D estimate Mean D–D estimate Mean D–D estimate

T C OLS S.E. T C OLS S.E T C OLS S.E. T C OLS S.E.

<12 months (N = 301) <12 months (N = 464)
BCG 2000 0.71 0.80 0.74 0.79

2001 0.95 0.87 0.16 (0.11) 0.92 0.90 0.07 (0.09)
2002 0.91 0.90 0.10 (0.11) 0.90 0.92 0.04 (0.10)

12–23 months (N = 318) 24–35 months (N = 354) 12–23 months (N = 537) 24–35 months (N = 602)
BCG 2000 0.91 0.94 0.85 0.96 0.95 0.90 0.88 0.92

2001 0.98 0.93 0.07 (0.06) 0.99 0.95 0.15* (0.07) 0.99 0.95 -0.01 (0.04) 0.99 0.92 0.11* (0.05)
2002 1.00 0.94 0.09 (0.07) 1.00 0.98 0.14* (0.06) 1.00 0.96 -0.01 (0.04) 1.00 0.97 0.06 (0.05)

MCV 2000 0.59 0.60 0.77 0.92 0.71 0.67 0.82 0.87
2001 0.85 0.65 0.21 (0.14) 0.93 0.95 0.12+ (0.07) 0.90 0.75 0.12 (0.09) 0.95 0.96 0.03 (0.06)
2002 0.85 0.80 0.05 (0.15) 0.96 0.83 0.29** (0.08) 0.88 0.81 0.04 (0.09) 0.99 0.85 0.18** (0.07)

OPV3 2000 0.63 0.72 0.72 0.91 0.73 0.77 0.79 0.83
2001 0.95 0.77 0.27** (0.09) 0.99 0.91 0.26** (0.09) 0.95 0.86 0.13 (0.08) 1.00 0.92 0.12 (0.09)
2002 0.96 0.83 0.22 (0.15) 1.00 0.90 0.28* (0.11) 0.98 0.87 0.15+ (0.08) 1.00 0.92 0.12 (0.08)

DPT3 2000 0.58 0.64 0.59 0.79 0.65 0.62 0.71 0.77
2001 0.87 0.75 0.17* (0.08) 0.96 0.84 0.32* (0.12) 0.88 0.83 0.03 (0.09) 0.98 0.87 0.17+ (0.10)
2002 0.96 0.74 0.27* (0.13) 0.96 0.80 0.36** (0.12) 0.98 0.82 0.14 (0.09) 0.97 0.87 0.16 (0.10)

FVC 2000 0.38 0.50 0.51 0.70 0.51 0.51 0.63 0.68
2001 0.75 0.50 0.37** (0.09) 0.89 0.80 0.28* (0.13) 0.82 0.64 0.18+ (0.10) 0.92 0.86 0.11 (0.10)
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2002 0.85 0.66 0.31* (0.13) 0.93 0.68 0.44** (

otes: D–D = double-difference; T = treatment; C = control; OLS = ordinary least squa
evel, “*” at the 5% level and “**” at the 1% level. The standard errors are in parenthes

percentage points for DPT3, and 20 percentage points for FVC. The
ffect for MCV is significant at the 10% level, and those for OPV3 and
VC at the 5% level.

By 2002, RPS had led to double-difference estimated 8–11 per-
entage points increases in vaccination coverage since baseline for
ll individual vaccines, except for MCV, which was only 3 per-
entage points. However, none of these findings are significantly
ifferent from zero. Using FVC as a summary indicator, the results
how a statistically insignificant program effect of 12 percentage
oints in 2002, given an initial coverage of 54% in the treatment
roup. So, while statistically insignificant, the point estimates do
uggest substantial effects, particularly for such a short period of
ime.

One pattern underlying the FVC results in 2002 is the decline
n the program effect for MCV between the first and second survey
ounds from 15 percentage points to 3 percentage points. This drop
s related to a reduction in MCV coverage in the treatment group
rom 91% to 87%, and a simultaneous increase in MCV coverage
n the control group from 75% to 83%. We are unable to explain
hese changes in MCV coverage rates estimated with the survey
ata; as shown in Table 5, these patterns are not replicated in the
dministrative data and are thus likely due to measurement error in
he much smaller survey data where a small number of incorrectly
eported vaccines for MCV could lead to such patterns.

.2. Catch-up effects

For the catch-up group, Table 4 shows that, except for MCV, the
mpact of the program was similar in 2001 compared with 2002.
he double-difference estimated effect of RPS on BCG was small and
tatistically insignificant in 2001 and 2002, likely due to high ini-

ial coverage rates in the treatment group which allowed little room
or improvement. The program impact increases from an insignif-
cant 0 to a statistically significant 12 percentage points for MCV
at the 5% level). Effects for OPV3 and DPT3 were insignificant and
–10 percentage points in both years. The pattern for FVC follows

2
i
s
o
f

0.88 0.69 0.19+ (0.10) 0.96 0.76 0.24* (0.10)

mate; S.E. = standard error. A “+” indicates the OLS estimate is significant at the 10%
are clustered at the locality level. No control variables are included in regressions.

he pattern for MCV, increasing from an insignificant 3 percentage
oints to a statistically significant (at the 10% level) 15 percentage
oints in 2002. Similar to the effects for on-time vaccination, the
002 findings show the substantial effects of the RPS on vaccination
overage in a short period of time.

The lack of an effect in 2001 for MCV was due to a large increase
n the control group coverage for MCV from 86% (in 2000) to 95%
in 2001). However, the coverage rate in the control group dropped
o 87% in 2002. We are unable to explain the apparent patterns in
overage for MCV in control localities, though they appear to be due
o measurement error.

For both the on-time and catch-up groups there were no consis-
ent differences in results for vaccinations that require one versus
hree doses.

.3. Heterogeneity effects

The costs and benefits of vaccination are likely to differ not only
cross the different vaccines but also for different sub-populations.
or example, Xie and Dow (2005) show that supply-side fac-
ors (such as price or distance to the health facility), as well as
emand-side factors (in particular, maternal education) are impor-
ant determinants of vaccination at the household level. As a result,
he average effects for all children may mask important heteroge-
eous effects.

We investigate the effects for different sub-groups of children
hosen based on common determinants of child health status or
emand for health care (Moss et al., 2002; Wagstaff et al., 2004)
uch as pre-program household per capita expenditures, maternal
ducation levels, presence of a health facility in the locality, distance
rom the population center of the locality to the nearest health
acility, and whether the locality was accessible by a road (about

0% were not). For each of these variables, the sample was divided

nto two groups. For the continuous variables, we examined results
plitting the groups using the 25th, 50th or 75th percentiles as cut-
ff points. The heterogeneity results are presented in Table 5 only
or those sub-populations for which there were statistically signif-
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Table 6
Mean vaccination rates by treatment status and double-difference estimates using the administrative data.

Year All Health facility > 5 km away Mother’s education < 4 years

Mean D–D estimate Mean D–D estimate Mean D–D estimate

T C OLS S.E. T C OLS S.E. T C OLS S.E.

<12 months (N = 4596) <12 months (N = 2163) <12 months (N = 3407)
BCG 2000 0.77 0.74 0.72 0.64 0.73 0.70

2001 0.92 0.83 0.06+ (0.03) 0.91 0.79 0.04 (0.05) 0.91 0.81 0.07+ (0.04)
2002 0.93 0.85 0.05 (0.04) 0.92 0.84 0.00 (0.06) 0.92 0.86 0.03 (0.04)

12–23 months (N = 5390) 12–23 months (N = 2513) 12–23 months (N = 3952)
BCG 2000 0.90 0.90 0.88 0.88 0.90 0.88

2001 0.98 0.90 0.09** (0.02) 0.98 0.85 0.13** (0.03) 0.98 0.88 0.09** (0.02)
2002 1.00 0.95 0.06** (0.02) 1.00 0.93 0.07* (0.02) 0.99 0.94 0.04+ (0.02)

MCV 2000 0.69 0.67 0.61 0.57 0.67 0.65
2001 0.93 0.76 0.15** (0.04) 0.90 0.69 0.17** (0.06) 0.92 0.75 0.15** (0.04)
2002 0.92 0.84 0.06 (0.05) 0.92 0.85 0.02 (0.07) 0.92 0.84 0.05 (0.06)

OPV3 2000 0.82 0.79 0.75 0.68 0.80 0.74
2001 0.96 0.85 0.09* (0.04) 0.95 0.76 0.11* (0.05) 0.96 0.82 0.08+ (0.04)
2002 0.98 0.91 0.03 (0.05) 0.98 0.87 0.04 (0.07) 0.97 0.90 0.01 (0.05)

DPT3 2000 0.82 0.77 0.73 0.65 0.79 0.72
2001 0.96 0.83 0.09* (0.04) 0.94 0.75 0.12* (0.05) 0.96 0.80 0.10* (0.05)
2002 0.97 0.90 0.03 (0.05) 0.97 0.84 0.05 (0.07) 0.97 0.89 0.02 (0.05)

FVC 2000 0.60 0.59 0.52 0.46 0.57 0.55
2001 0.91 0.68 0.23** (0.04) 0.88 0.56 0.27** (0.06) 0.90 0.64 0.23** (0.05)
2002 0.92 0.76 0.15** (0.05) 0.92 0.73 0.13+ (0.08) 0.92 0.76 0.14* (0.06)
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paring the mean vaccination rates (in treatment and control groups)
between the survey and the administrative data samples, only
seven of 36 possible comparisons are statistically different at the
5% level.
otes: D–D = double difference; T = treatment; C = control; OLS = ordinary least squar
evel, “*” at the 5% level and “**” at the 1% level. The standard errors are in parenthes

cant differences between those above and below the cutoff for at
east two of the vaccines for any of the age groups. They include
ouble-difference estimates for on-time and catch-up vaccination
overage for children living in localities more than 5 km (the median
or the sample) from a health facility, and for those children whose

other had less than a fourth grade education (the level at which
hey should achieve functional literacy). F-tests on the fully inter-
cted model showed that the slopes of the coefficients varied by
ub-population for some of the vaccines, so results in Table 5 are
etermined using Eq. (1) estimated for each sub-population.

Double-difference estimates for on-time vaccinations for chil-
ren living further from a health facility show substantial program
ffects by 2001: a statistically significant (at the 5% level or lower)
7 percentage points for OPV3, 17 percentage points for DPT3, and
7 percentage points for FVC. By 2002, program effects are larger
or DPT3 (27 percentage points), though slightly smaller for OPV3
22 percentage points) and FVC (31 percentage points). The effect
or OPV3 is also no longer significant.

Of particular importance, is that the program largely equalized
VC coverage rates between children living near versus far from a
ealth facility. Before the program, coverage was 54% for the full
ample but only 38% for the restricted sample of children living far
rom a health facility. In 2002, however, coverage rates for the both
he full and restricted samples were the same, approximately 85%.
inally, 2002 vaccination rates for those living far from a health
acility for OPV3 and DPT3 in the treatment group were greater
han 95%, despite having started in 2000 at levels below 65%. These
ramatic gains highlight the potential for CCTs to assist countries

n reaching vaccination rates over 95% in a short period of time.
For those living further from a health facility within the catch-

p group, we also find large and generally statistically significant

ffects for all the vaccines in 2001 and 2002. Specifically for 2002,
hese effects were an insignificant 9 percentage points for BCG,
nd statistically significant (at the 5% level or lower) 29 percentage
oints for MCV, 28 percentage points for OPV3 and 36 percent-
ge points for DPT3. Using FVC as a summary indicator, RPS led

v

r
i

mate; S.E. = standard error. A “+” indicates the OLS estimate is significant at the 10%
are clustered at the locality level. No control variables are included in regressions.

o a statistically significant (at the 1% level) program impact of 44
ercentage points.12

With respect to mother’s education, on-time program effects
re fairly large and range from 4 to 19 percentage points in 2002
or children whose mother had less than a fourth grade education.
owever, only the 15 percentage points increase for OPV3 and 19
ercentage points increase for FVC are statistically significant (at
he 10% level). For the catch-up group, there are statistically signif-
cant (at the 5% level) findings for MCV (18 percentage points) and
VC (24 percentage points) by 2002. As with distance to a health
acility, comparisons of mean vaccination rates between the full
ample (Table 4) and those whose mothers were less educated
Table 5) demonstrate that coverage rates were largely equalized
etween children with more or less educated mothers.

.4. Replication of on-time effects using RPS administrative data

It is possible that some of the main program effects in Table 4
ack greater statistical significance due to the relatively small sam-
le sizes in the survey data. To explore this possibility we replicate
he analyses using the larger administrative data for children <12
nd 12–23 months old and present the results in Table 6.13

The results using the administrative data corroborate the
atterns found and conclusions made using the survey data. Com-
12 Similarly large effects were found using logit models for FVC and for the indi-
idual vaccines for which it was possible to use logit models.
13 Estimates of program effects using the administrative data are more accu-
ately considered treatment-on-the-treated estimates since only beneficiaries are
ncluded in those data.
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We also consider the average effect of RPS on older children who
received their vaccinations late, the catch-up group. The effect of
the program on catch-up was marginally significant (at the 10%
T. Barham, J.A. Maluccio / Journal o

Double-difference estimates of program effects for on-time vac-
ination are also similar between the two datasets. None of the
ouble-difference estimates reported in Table 6 (left-hand panel)
re statistically different at the 5% level from the corresponding sur-
ey data estimate of the same effect. While the point estimates are
imilar, the standard errors are approximately half as large, leading
o greater statistical significance for most estimates. The estimates
re significant at the 10% level or lower for all vaccines in 2001 and
t the 1% level for the FVC summary measure in both 2001 and
002.

It is also possible with the administrative data to analyze effects
or the same sub-populations of interest examined using the survey
ata. The findings in the two right-hand side panels of Table 6 are
onsistent with the survey data and demonstrate that the program
as generally more effective for children who lived further from
health facility or, separately, whose mother was less educated.
oreover, the vast majority of effects for these sub-groups esti-
ated using the larger administrative data sample are statistically

ignificant at the 10% level or lower.

.5. Spillover effects

There was a substantial increase in vaccination coverage in both
reatment and control groups after RPS began (Table 4). This sug-
ests the possibility that there were positive spillover effects of the
rogram to the control group. Such spillovers, while positive ben-
fits of the program, would bias downward the estimated effects
resented above.

There are a number of reasons why we might expect spillover
ffects. The emphasis of the program in the treatment group on
reventive health care for children might have led to demonstra-
ion effects or information spillovers. This is plausible not only
ecause of their proximity, but also because one-third of the con-
rol households were aware of the broad outlines of the program by
002. A second possible mechanism for the transmission of positive
pillovers is the government health care system. Because RPS hired
rivate providers to administer the health care components of the
rogram, it is likely that utilization of government health facilities
y beneficiaries decreased with the program. Residents in control
ocalities that shared health facilities with residents of treatment
ocalities may have benefited indirectly via shorter wait-times or
reater availability of medical supplies in those facilities.

Both of these types of possible spillovers suggest that those in
ontrol localities nearer to treatment localities would benefit more
han those further away. We examine this possibility by exploit-
ng the fact that localities were randomly assigned treatment and
ontrol status within municipalities, creating variation in distance
etween localities of the opposite type. We estimate Eq. (1) for
ouseholds in control localities only, replacing the treatment vari-
ble with a variable indicating if the control locality was near a
reatment locality.14 We find no consistent differences in the con-
rol localities near treatment localities, compared to those further
way, using either the survey or the administrative data (results not
hown).

. Measurement error
Several studies have shown that vaccination coverage based on
other’s recall rather than actual vaccination cards is biased down-
ards, and the extent of the bias may be greater for multiple dose

accines (Valadez and Weld, 1992; Suarez et al., 1997; Langsten

14 We define “near” using various quartile cut-offs of the distance to nearest treat-
ent locality variable.
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nd Hill, 1998). At baseline, 24% of households in the survey data
id not show a vaccination card, so coverage rates for the sample
ay be underestimated. If the coverage rates are underestimated in

ach survey round, and the measurement error was reduced over
ime in the treatment relative to the control group, the double-
ifference estimates could be overestimated. Reporting based on
accination cards increased in the treatment group because the
rogram ensured beneficiaries had up-to-date vaccination cards.
he data show the percent of responses not based on vaccination
ards was the same across groups in 2000, but slightly lower in the
reatment group (4%) than the control group (10%) in 2002.

To determine whether measurement error is biasing our results,
e merge together the survey data and the higher quality admin-

strative data at the individual level. First, we examine whether the
overage rates in Table 4 are underestimated in the survey com-
ared to the administrative data. We find coverage rates at baseline
or on-time vaccination based on the survey data are slightly higher
or the single dose vaccines, but lower for the multi-dose vaccines
nd 6 percentage points lower for FVC than the administrative data
results not shown).

Second, we assess whether the double-difference estimates are
iased upward by comparing separate estimates from the survey
nd administrative data for those children that matched across the
wo datasets.15 We find the double-difference estimates are slightly
ower in the survey data than the administrative data, by between 1
nd 4 percentage points for on-time vaccination, except BCG which
s 10 percentage points lower but not statistically different.16 While

easurement error is likely to be present in the survey data, we
onclude that it is not driving the double-difference findings.

. Discussion

We find positive, fairly substantial, and significant impacts of the
icaraguan conditional cash transfer program, RPS, on vaccination
overage for selected vaccines, age groups and sub-populations.
ffects were particularly large for those sub-populations that are
raditionally harder to reach—children who live further away from
health facility or whose mothers are less educated. In terms of

chieving eradication, on-time vaccination coverage in the treat-
ent group was close to or greater than 95% for BCG, OPV3 and
PT3 by 2002, whereas it remained below 90% for the country as a
hole for OPV3 and DPT3 (WHO/UNICEF, 2007).

Using household survey data collected as part of a random-
zed evaluation, we estimated intent-to-treat double-difference
rogram effects. Five months after the introduction of the health
omponent of the program (2001), RPS had led to a significant 20
ercentage points increase in on-time coverage rates for fully vac-
inated children; this effect remained large (12 percentage points),
ut was insignificant a year later (2002). The lack of statistical sig-
ificance of the main program effects is likely due in part to the
mall sample size. A similar analysis using a larger and better qual-
ty administrative dataset, rather than the household survey data,
howed a statistically significant estimate for on-time FVC of 15
ercentage points by 2002.
evel) 15 percentage points increase in FVC in 2002. While effects

15 71% of the children in the survey data can be matched to children in the admin-
strative data.
16 The point estimates of the program effects are similar and there is much greater
ignificance when the household survey sample is restricted to those with vacci-
ation cards. This is consistent with random measurement error decreasing the
recision of the estimated effects.
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iffered across individual vaccines, the program had the largest and
ost significant effects on the FVC summary indicator, for both the

n-time and catch-up groups. This provides strong evidence that
he program helped protect children against all the major vaccine
reventable childhood diseases.

These average effects, while large, also mask important hetero-
eneous effects for certain sub-populations which typically have
ower coverage rates. By 2002, the effect on children of mothers

ith less than four years of education was 19 percentage points or
ore for FVC for on-time and catch-up groups. The impact was even

arger for children who lived further than 5 km from a health facility
31 percentage points or more for FVC). This resulted in an equal-
zation of vaccination rates across the sub-populations (i.e., those

ith less versus more educated mothers, or those who lived further
way versus closer to a health facility). As a consequence, the pro-
ram was equity enhancing. These results are similar to those for
portunidades in rural Mexico (Barham et al., 2007), and underscore

he ability of CCTs to reach sub-populations for whom supply-side
riented strategies have typically been less successful.

One reason RPS did not have an even larger and more signifi-
ant impact on vaccination coverage is that there was a substantial
ncrease in vaccination rates in the control group during the study
eriod. Unfortunately, there is no clear explanation for this increase.
hile it is possible that there were positive spillover effects of the

rogram on the control group, we find no evidence of such effects.
n alternative explanation is that there was a general strengthen-

ng of the Ministry of Health operations in the study area as a result
f the program, which may have benefited the control localities
ndirectly. Moreover, because RPS directly hired private providers
o administer the health care components of the program, con-
rol localities may have benefited from freed-up resources in the
egion. Since vaccination coverage did not increase at the same
ace elsewhere in Nicaragua, we believe, though cannot confirm
igorously, that the increase in vaccination coverage in the control
roup resulted from these improvements in government health ser-
ices, and that the estimated impacts on vaccinations are therefore
onservative.

As with most CCT programs, RPS had both demand- and
upply-side components. Unfortunately, it was not possible in our
nalysis to isolate the effects of these two components. There-
ore all the estimated effects for the treatment group result from
rogram-induced changes in both demand and supply. Disentan-
ling the demand- and supply-side effects of CCT programs when
hey are not built into the design of the experiment is com-
licated by the difficulty of controlling for supply inputs (e.g.,
accines) and for the strengthening of institutions which accom-
anies these programs. If possible, future evaluations of CCTs
hould be designed to isolate the demand- from the supply-side
ffects.
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