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Abstract

A variety of theories of skill formation suggest that
investments in schooling and other dimensions of human
capital will have lower returns if children do not have
adequate levels of cognitive and social skills at an early
age. T his paper analyzes the impact of a randomized
cash transfer program on cognitive development in early
childhood in rural Nicaragua. It shows that the program
had significant effects on cognitive outcomes, especially
language. Impacts are larger for older pre-school age
children, who are also more likely to be delayed. T he
program increased intake of nutrient-rich foods, early
stimulation, and use of preventive health care—all of

which have been identified as risk factors for development
in early childhood. Households increased expenditures
on these inputs more than can be accounted for by

the increases in cash income only, suggesting that the
program changed parents’ behavior. T he findings suggest
that gains in early childhood development outcomes
should be taken into account when assessing the benefits
of cash transfer programs in developing countries. M ore
broadly, the paper illustrates that gains in early childhood
development can result from interventions that facilitate
investments made by parents to reduce risk factors for
cognitive development.

T his paper—a product of the Human Development and Public Services Team, Development Research Group—is part
of a larger effort in the department to understand the determinants of development in early childhood.. Policy Research
Working Papers are also posted on the Web at http://econ.worldbank.org. T he author may be contacted at nschady@

worldbank.org.
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l. Introduction

Cognitive development in early childhood is arportant predictor of success throughout life. In
developed countries, children with low levels of dtiga development before thenter school have lower
school achievement and earn lower wages (CurdeT@womas 1999; Case and Pax2006). In developing
countries, low levels of cognitive delopment have been tied to pgarformance in school in a number of
settings (see Grantham-McGregor et al. 2007 for a review).

Evidence from the medical and economic literatuggests that outcomesaarly childhood are
malleable (Heckman 2006; Knudsen et al. 2006). Rarmhairirials in the US show that children who
benefited from intensive preschool intentions have higher school attainment, better test scores, lower rates
of criminality, and earn higher wages in adulthood (Currie 2001; Schweinhart 2005), although the impacts
appear to be concentrated among girls (Ande2€@7). A well-known study from Jamaica shows that
children randomly assigned to receive home-based stamylation have substantial improvements in
cognitive development and subseuschool performance (Grantham-Glegor et al. 1991 and 1997,

Walker et al. 2000; Powell et al. 2004). Non-expental evidence suggests that attendance at nursery
programs and preschool is associated with better school performance in Argentina (Berlinski et al. 2006),
Uruguay (Berlinski et al. 2007), Colombia (Attanasiml & era-Herntndez 2004) and Bolivia (Behrman et al.
2004). There is also a large literature documerttiegmpacts of nutritional supplementation programs,
including substantial evidence frormdomized control trials (see Walker et al. 2007 for a review). In
Guatemala, children exposed to a nutritional intetiearhave better readirmpmprehension and perform
better on tests of cognitive development in adwdth and earn higher wages (Maluccio et al. 2008;
Hoddinott et al. 2008).

A reasonable amount of evidence is therefordava on how the cognitive development of young
children responds to supply side interventionsluding access to preschool or food supplementation
programs. Much less is known about interventionsattampt to directly affect the investments parents
make in the cognitive development of their childregither by relieving financial constraints, or by

changing how resources are allocated within households.



This paper analyzes the impact of a cash tearnmiogram on cognitive development outcomes in
early childhood in rural areas of Nicaragua. The program, knovteasi—n a Crisisnakes sizeable
payments, equivalent to about 15 percent of petacagpenditures for the average recipient household.
Households eligible for the program were randomlygaesd to treatment and control groups. A follow-up
survey collected data on both groups approxima&etyonths after the treatment group started receiving
transfers. Random assignment allows us to estiprogram effects with very few assumptions.

There are a variety of reasons why one might expect a prograitdikei—n a Criste have a
positive effect on cognitive development in early dnildd. Children in better-off households appear to
have higher levels of cognitive @opment than those in pooresuseholds in developing countries.

These associations may not be causalNrather theyneféect a correlation between parental wealth,
parental genetic endowments, and chidgnitive development. However, if cash transfers like thasiem
by Atenci—n a Crisalow households to spend more on nutrititagds, early stimulation, or health care,
this may result in improvements in tbegnitive development of childne

There are other features of tAtenci—n a Crisfgrogram that could result in improvements in
cognitive development. In order to remain eligibleAtenci—n a Cristsansfers, parents in the program
were meant to ensure that school-aged children d@nredhool and attend regubgrand take preschool-aged
children for regular visits to health centers, where they are weighed, and receive vaccinations,
micronutrients, or food supplements, as necessanythis sense, the program was similar in nature to other
conditional cash transfer programs, such as thehrstudied PROGRESA program in Mexico. The
education and health conditions attached to the tranisigly changes in relative prices, which could result
in shifts in expenditures towards human capital investments.

The Atenci—n a Crisjgrogram also included a social marketing campaignNbeneficiaries were told
that transfers were intended to improve the diveesity nutrient content of childrenOs diets and to buy

school materials. The social marketing of thegpam may have transmitt&dowledge about child-rearing

! References include Paxson and Schady (2007, 20@Bjwador; Halpern et al. (1996) on Brazil; Ghuman et al.
(2005) on the Philippines; see also Schady (2006) for a discussion.

2 As we discuss below, there was an implementation glitch whereby compliance with the health condition was not
monitored by the program.



practices; it may also have affected how transfesrime was used through a flypaper or labeling effect.
Such changes in behaviors could be further enhathicedgh social interactions with other program
beneficiaries and peer pressure (Macours and Vakis 2008). Fialhci—n a Cristsansfers are made to
women, and there is some evidence that income comtitmfi@vomen is spent in a way that benefits children
more than income that is controlled by nfen.

Understanding the impact of a program likenci—n a Cris@@n cognitive development in early
childhood is important for a number of reasons. @asan is the popularity of cash transfer programs in the
developing world. A recent World Bank study estigs that at least 24 developing countries have a
conditional cash transfer program in place, and nudingrs have programs that transfer cash without
conditions (Fiszbein and Schady 2008). In many cases, including in MBxé&zil, Ecuador, and South
Africa, the cash transfer program is the biggest safety net program in the country.

A large number of studies have assessed the impaesh transfers, conditional and unconditional,
on health status, nutrition, and educatiom contrast, we are aware of only two earlier studies which
estimate the impact of a cash transfer program on cogmitvelopment. Fernald et al. (2008) suggest that
larger transfers made by the PROGRESA-Oportum@gaaogram in Mexico resulted in better nutritional
status, improved motor skills, and higher levelsanitive development. However, the outcomes they
study were collected too long after the initial contrallgr in the study had been folded into the program for

the authors to use the initial randassignment for identification. Rson and Schady (2008) use random

3 See Thaler (1999) for a general discussion. Fraker @98l5) presents evidence the US, Kooreman (2000) for

the Netherlands, Jacoby (2002) for the Philippines, anchlated Hoddinott (2008) for Gitemala. An exception is

Edmonds (2002) who finds no evidence of labeling effects for child benefit income in Slovenia.

* For example, Thomas (1990), Hoddinott and Haddad (1995), Doss (2005), and Schady and Rosero (2008) show that
income controlled by women is associated with higher expenditures on food. Macours and Vakis (2007) show non-
experimental evidence on the positive impact of motherOs seasonal migration on childrenOs cognitive development that
is consistent with this hypothesis. Lundberg et al. {188d Ward-Batts (2008) pex# quasi-experimental evidence

from the United Kingdom to argue that income controlled by women is more likely to be spent on clothing for women
and children than income controlled by men.

® The literature is extensive. On education outcomesaseang others, Schultz (2004) and Behrman et al. (2005) on
Mexico; Schady and Araujo (2008) on Ecuador; Attanasab. €2005) on Colombia; Glewwe and Olinto (2004) on
Honduras; Maluccio and Flores (2005)Mitaragua; and Edmonds (2006) orutBoAfrica. Macours and Vakis (2008)

show education impacts 8tenci—n a CrisisOn health outcomes see, among others, Gertler (2004), Behrman and
Hoddinott (2005), and Rivera et al. (2004) on Mexico, Morris et al. (2004a) on Honduras; Morris et al. (2004b) on
Brazil, and Duflo (2003) and AgYero et al. (2006) on South Africa. Fiszbein and Schady (2008) review the findings
from these studies.



assignment in the roll-out of tieono de Desarrollo Humaneash transfer program in Ecuador to analyze
the effects on health and cognitive development of cildetween 3 and 6 years of age. They show that
cash transfers resulted in an improvement of aboutdda2filard deviations irognitive development among
the poorest quartile of children in their sampléhwo effects among somewhat less poor children.

Our analysis adds to the existing literature wragety of ways. First, and unlike earlier work on
cash transfer programs, we collected data on meastidevelopment for children as young as one month of
age. We can therefore estimate the impact of thgram among young children, which is important if early
childhood is a very sensitive period for developmemd, iithe potential for later catch-up is limited.
Second, our data include an extensive module on howusplotapita expenditures. As a result, we can see
whether households randomly assigned to receive transf@eased spending on a variety of inputs into
child cognitive development, such as the quantity and diversity of food, early stimulation, and health care.
This allows us to provide better evidence on thestrassion mechanisms from cash transfers to changes in
cognitive development than has béka case in earlier papers. In particular, we can test whatheci—n a
Crisistransfers were used like other sources of income.

The rest of the paper proceeds as feio In section 2, we describe thenci—n a Crisfslot
program, our identification strategy, and the dataairiicular the measures of cognitive development.
Section 3 describes the frequency of early childhoeéldpment delays in our sample. We present the
main results in the paper, including a disaggregation of program effects by age and gender, in section 4. In
section 5 we discuss changes in intermediate inpatsyhether these can be explained entirely by the

increase in overall expenditures due to the transfer. Section 6 concludes.

2. Program design, data, identification, and early childhood development outcomes
A. The OAtenci—n a CrisisO pilot program
TheAtenci—n a Crisjslot program was implemented betan November 2005 and December 2006

by the Ministry of the Family in 6 municipalities in rural Nicaragu@he beneficiaries of the pilot randomly

® For an extensive description of the program and evaluation design see Macours and Vakis (2005).



received one of three packages: (i) a conditional trastsfer (CCT) conditional on childrenOs primary
school and health service attendance; (ii) the CCT plus a scholarship that allowed one of the household
members to choose among a number of vocationalrigaoourses offered in the municipal headquarters.
These beneficiaries also participated in labor maakdtbusiness-skill training workshops organized in their
own communities; and (iii) the CCT plus a productiveestment grant, aimed at encouraging recipients to
start a small non-agricultural activity with the goal of asseation and income diversification. This grant
was conditional on the household developing a business development plan.

The design of the CCT componentAiénci—n a Crisisas modeled after the existing CCT program
in Nicaragua, th®ed de Protecci—n SodiaPS)’ Women in beneficiary households receive sizable cash
transfers every 2 months, averaging about 15 percent of per capita expefAdifbee€CT component of
the Atenci—n a Crisgglot differs from RPS mainly on its reliance on public health infrastructure, as opposed
to the private health providers used in RPS. Tdudgo some implementation problems. Specifically, the
anticipated increase in health service supply did not oaogrchildrenOs visits to the health centers were not
monitored during the study period. On the otherthahe school enroliment and attendance requirement
was carefully monitored (see Aguilera et al. 2006he program included repeated information and
communications during program enroliment and pay-déysit the importance of varied diets, health and
education; these were meant to change Hmidenvestment and consumption patterns.

The Atenci—n a Crisfglot included a careful evaluation design. Randomization was used to assign
eligible households into one of four groups: cont@I T only, CCT plus vocational training, and CCT plus
productive investment grant. This was done as follokisst, from the list of all communities in the 6
municipalities, 56 intervention and 50 control comitiea were randomly selected through a lottery.

Second, baseline data were used to define progligihility based on a proxy means test. Around 10
percent of households (and only 5 percent of households with children under 7 years of age) in treatment and

control communities were ineligible for the prograectause their estimated baseline consumption, as

" See Maluccio and Flores (2005 the impacts on education, health and nutrition of the RPS program.

8 Households received a transfer of US $ 145 even if they did not have children. However, households with children
between 7 and 15 enrolled in primary school received iitiadd)S $ 90 per household, and an additional US $ 25 per
child.



determined by the proxy means, was above thelgfieed threshold. This process resulted in the
identification of 3,002 households to participate in the program.

In communities randomly selected to participate inAtenci—n a Crisjgrogram, the primary child
caregiver, who in the vast majority of cases was a woman, was invited to a registration assembly where the
program objectives and various components were explaiAethe end of the assembly, a lottery took place
in each community in which the three packages described above were randomly allocated among the eligible
households. Participation in the assemblies and legteras close to 100 percent. Note that, within
treatment communities, one third of eligible housddb were assigned to each of the three treatment
packages, and all of them received the CCT. Inrobabmmunities, households did not receive any of the

treatment packages.

B. Data

Baseline data for the evaluation were collectedpnl-May 2005. A follow-up survey, including a
large number of tests to assess cognitive developmastcellected in July-August 2006 (9 months after the
households had started receiving payments). Thelsdntludes the 3,002 ellge households in the
treatment group, and a random sample of 1,01%#ipouseholds in the communities that were randomly
assigned to the control group. Attrition betweentit surveys was minimal, less than 1.3 percent.
Attrition is uncorrelated with treatment status, arellihseline characteristics of the full sample of children
and those that could be located at follow-up are very similarNsee Appendix 1.

Program take-up in the treatment group was more than 95 percent, and contamination of the control
was negligible (one householtf).As discussed above (footnote 9), the main reason households did not take-

up the program was due to the fact that some origieéitijble households were deemed ineligible by local

° The weights in the proxy means were based on estimates from the national household data from 2001 (EMNV).
Additional discussions with local leas from each interventioccommunity were conducted to identify possible

exclusion or inclusions errors. Based on the discussions with leaders, 3.72 percent of all the households considered
were re-assigned from non-eligible to eligible, and 3.65 pefaam eligible to non-eligible. To avoid selection bias,

we use the original eligibility, based on the same proxy means test for both treated and control households, as the intent-
to-treat.

10 A small fraction of households, less than 5 percent, did not collect the full amount of the transfer they were eligible

for because they had not complied with thieost enrollment and attendance requirements.



leaders after the initial assignment. A small numbérooiseholds had also migrated out of the communities
after baseline. In order to avoid any selection bias, we treat all of these househbbiyislas

Table 1 shows that random assignment effectively equated the characteristics of households
randomly assigned to receidenci—n a Cristsansfers and households in the control group: of the 34
variables that are summarized in the table, only dreer{imber of people aged 65 or older in a household)
indicates a significant difference between the two groupassline. Table 1 also shows that households in
our sample are disadvantaged in a number of imposays. The mean years of schooling of mothers are 4
years, and 67 percent have not completed primary scHd@ mean years of schooling of fathers is even
lower, approximately 3.5 years, and 75 percent havearapleted primary school. Children in this sample
also have substantial health problemsN27 percent areestihtave height for their age that is more than two
standard deviations below that of a reference populatigimglly, expenditure levels are very low. Turning
the local currency units in the table-{rdobgsnto US $ shows that 82 percent of households in our sample

have per capita expenditures thatlaetow one dollar per capita per day.

C. Early childhood development indicators

We focus on eight measures of early childhood dgveémt. Social-personal, language, fine motor,
and gross motor skills for all childravere assessed using the four sedis of the Denver Developmental
Screening Test (Frankenberg and Dodds 1996 Dédnver can be applied to children as young as one
month of age. A slightly modified version of the Denver is used for child monitoring by the national early
childhood stimulation program in Nicaragua, which sugg#sit the test is appropriate for the population we
study.

For children age 36-83 months odet we applied four additional tests. The first of these is the
TVIP, the Spanish-speaking version of the Peabody Picture Vocabulary Test (PPVT), a test of receptive
vocabulary that has been widely used in devel@metldeveloping countries. We also use a short-term
memory test and a leg motor test from the McCarthy test battery. The final test we use is the Behavior

Problem Index (BPI), which is based on the caregiverst of the frequency that a child displays each of



29 problematic behaviors, with responses coded as @n&sometimesO and OoftenO. We use the number of
behavioral problems for which a caregiver answers Gftéimlike the other outcomes we study, behavioral
problems do not necessarily indicate a delay, as there are no benchmarks or established ages at which they
are predicted to decreae All of the tests we use were carefyfijoted in the field, and adjustments were
made, as necessary. Details of all of the tests we use are provided in Appendix 2.

We also analyze impacts on intermediateontes that may be related to child cognitive
development. The survey included an extenswpeediture module taken from the 2001 Nicaragua Living
Standards Measurement Study (LSMS) survey. Wadmon various expenditure categories, including food
expenditures, which include actual expenditures, hmméduction, and food consumed outside the home.
The data also include information on child food ketastimulation, birthweight, childrenOs weight and
height, preventive health care, and caregiversO meatti.hMental health was measured using the Center
for Epidemiological Studies Depression scale (CESD), a widely-used measure of depression which consists
of 20 questions on self-reported depresgRadloff 1977). Finally, caregivsO observed parenting behavior
was registered through the HOME score, an index gfakltive and negative behaviors that the enumerator

observes during interviewing and testing @ey 1993; Paxson and Schady 2007, 2008).

3. Delays in cognitive development in early childhood

We first describe cognitive development outcomes of children in our sample, focusing on the control
group. Table 2 shows the fraction of children whmiarthe bottom 25 percent and, separately, the bottom
10 percent of the international distribution that was usedfandardize a given test. The first point to note
from the table is that a very large fraction of children in our sample is delayed, although this varies
considerably by outcome. The fraction of children \ah® behind for their age is largest for the measures of
languageN97 percent of children in our sample are @lthvest quartile of the distribution of the TVIP, and

85 percent have a score that places them in the lal®ed¢. Comparable numbers for the measure of

" There is some overlap between the BPI and the socialfaétsehaviors measured iretBenver. For instance, the
Denver personal-social subtest has a number of items k&t te social interactions; and the BPI also has questions
about whether or how the child interacts with others.



language in the Denver test place 82 percent of childréreifowest quartile, and 61 percent in the lowest
decile. A very large fraction of children in our salmis also delayed in short-term memoryN85 percent
place in the lowest quartile, and 61 percent in the lowexstedof the distribution used to standardize the test.

These delays in language and memory are vemgreevFor instance, the numbers for the TVIP
imply that 85 percent of the children in our sampkeairleast 21 months delayed in receptive vocabulary.
However, the implied delays areasonably consistent with thoseselbved among other populations with
high poverty levels and lowdecation in Latin America?

Turning to other domains of child developmeélaple 2 shows that outcomes are somewhat better
on the social-personal scale of the DenverN46 percenhitdiren in the sample place in the lowest decileN
and for fine motor skillsN40 percent place in the lowdstile for this outcomeChildren in our sample
perform even better in terms of gross motor skills: amamaller fraction of children, 29 percent, place in
the lowest decile of the distribution of the Denverd 24 percent place in the lowest decile of the McCarthy
leg motor scale.

In addition to documenting the large fractions dfdren in our sample that are delayed, Table 2
shows that there appear to be no obvious differeincgslays between boys and girls, but delays increase
with child age for some outcomeh the case of language, the fraction of children who place in the lowest
decile of the distribution of the language measiirdne Denver increases from 48 percent for children ages
0-35 months, to 59 percent for children aged 36-68ths, and to 79 percent for children aged 60-83
months; comparable numbers for the TVIP, which cay balapplied to children ages 36 months and older,
are 70 percent for children aged 36-59 months, arqegdent for children aged 60-83 months. Similar
patterns can be observed for the social-personal tdst iDenver, and for the McCarthy memory test, but

not for the measures of fine and gross motor skillssum, there are striking age patterns in some outcomes,

'21n the sample of children in Ecuadamalyzed by Paxson andtaly (2007, 2008) the awe child places in the 11
percentile of the distribution of the TVIP. In the case of performance on memory, the tests used are not strictly
comparable, but the averaghild in the Ecuador sample places in th& @&rcentile of a test of short-term memory,

and in the 1% percentile of a test of long-term memory from the Woodcock-Johnson battery of tests. However, the
sample of children from Ecuador in Paxson and Schady is considerably better off than our sample of children from
Nicaragua. 34 percent of households in the Ecuador study have consumption levels that are below one US dollar per
capita per day, compared to 82 percent of households stuay. There are also marked differences in parental
education, which is very robustly associated with perfacean the TVIPNthe averageducation of mothers in the
Ecuador sample is 6.7, compared to 4.1 for the sample used in our paper.



with older children being more likely to be delayedrttyounger children. This may be a result of the fact
that older children have been exposed for longepto putrition, inadequate stimulation, infectious disease,
or other risk factors that lead to delayed development.

For the rest of the analysis, we remove affiects, by regressing outcomes of the children in the
control group on a set of single month age dumnaied, predicting the residuals from these regressibns.
We also turn every outcome into a z-score by sutiigathe mean and dividing through by the standard
deviation of the control group, after removing the dfece Further, we reverse the sign for those outcomes
in which negative values represent better performaAsea result, positive changes indicate improvements
in performance for every outcome. Finally, for eveagcome we remove 0.5 percent of observations with
the highest value and 0.5 percent with the lowdsteyas these largely appear to be cases of measurement
error. As we show below, these adjustments doffiettahe pattern of program effects we estimate.

It is more likely that cash transfers like those madéteyici—n a Crisigill result in improvements
in cognitive development if there are socioecoitognadients in these outcomes. Figure 1 presents
nonparametric (Fan) regressions of each staimrdutcome on log per capita expenditures among
children in control communities (Fan and Gijbels 199Bhe figure shows positive socioeconomic gradients
in most measures of cognitive development. Grasliappear to be steepest for the language outcomes (in

particular, for the TVIP). There is no socioeconogradient for the BPI, our measure of behavioral

problems.
4. Program impacts on early childhood development outcomes
A. Overall program effects

We begin by estimating a basic intent-to-treat regression of the following form:

(1) & 194 T,$! TZ! ", k=1EK,

13 For the Denver, we use the number of tasks for whitfild places in the lowest gttile of the international
distribution; for the TVIP and McCarthy, the raw scores on the test; and for the BPI, the number of behavioral problems
that a child exhibits OoftenO, as described above.

10



where Z, is thekth z-score for a given outcome (out of 8), dadT,, andT; are intent-to-treat indicators for

households randomly assigned to the three treatment package#iartbie—n a Crisfgrogram. Because of
the standardization described above, all units arairdatd deviations. Standaerrors throughout the
paper adjust for clustering at the community level.

As we show, the coefficients dn, T,, andT; are very close in magnitude, and we can never reject
the null hypothesis that they are equal. We therefore next focus on a specification that treats the three
packages as if they were a singlenci—n a Crisfgrogram:

2 Z&T ! ", k=1EK.

Results for these specifications are presentddbie 3, for the three sefate treatment packages
(upper panel) and for the specification with a singtatment (lower panel). The table shows there are
significant program effects for the social-persomal Eanguage measures of the Denver test, corresponding
to impacts of 0.13 and 0.17 standard deviatiozspectively, as well as for the TVIP test of receptive
vocabulary, corresponding to an impact of 0.22 standewéhtions. Treatmenftfects for the three packages
are very similar throughout. Although this may seem surprising, we note that the observed increase in
overall consumption levels at the time of the folloprsurvey was similar for households assigned to the
three treatment packages (Macours and Vakis 2008)hig\point, the vocational training courses had not
yet started, and the beneficiaries of the productivestment package had received the investment grant
only 2-3 months before. Also, all three groups weqeosed to the same information about the importance
of better and more varied diets, and all households were subject to the same requirements in terms of school
enrollment of school-aged children.

Table 3 makes obvious that program effects are cdrated in social-personal skills and, especially,
in language development. Note that these are demdiere children had particularly large delays, and
where socioeconomic gradients were steeper. Progffacts for all other outcomes are also positive, but
not significant, with particularly small coefficienfisr the measures of gross motor skills and leg motor
skills. These are precisely the domains in which childreur sample were least likely to be delayed, and

where socioeconomic gradients were generally less sidepresults in Table 3 are thus consistent with the

11



Atenci—n a Crisgrogram having an effect on those outesrwhere deficits were largest, and the
association between outcomes and per capita expenditures strongest.

How large are the estimated program effects® Way to put the magnitudes in context is by
comparing them with the depth of the delays. Thdiarechild in our sample is 28 months delayed on the
TVIP. Turning the results in Table 3 into program efi$eon the number of months delayed suggests that the
Atenci—n a Crisjgrogram allowed children to make up approxiety 1.5 months delay on the TVIP. This
is a modest effect relative to the depth of the delalisough it is worth remembering that households had
only received transfers for a short period of time.

We conducted a large number of robustness tests to these results. Table 4 shows that our findings
are robust to controlling for age and gender in thgeession, as opposed to removing age effects first; to
adding the education of parents as extra controlsctosion of the 1 percent largest outliers (in absolute
value); and to not removing age effects at all. Theals® robust to including the small fraction of ineligible
children whose score on the proxy means placed #imwe the cut-off, in both treated and control
communities; to narrowing the age range for the Des@dhat it is only applied to children younger than 6
years of age (rather than younger than 7, as in thesatof results), or to children age 10 months or older
(which removes from the sample children with in utero expostir®esults for the Denver are similar if we
only include the number of tasks for which the child ithim lowest decile of the international distribution,
rather than in the lowest quartile, as in our main set of results; or if we consider binary variables for children
having one or more tasks in the lowest decile, or twoare tasks. Finally, the program effects that are
based on the sample of childfem whom the enumerator actuatipserveda child performing all

appropriate tasks in the Denver, rather than those that are based on the sample of children where some tasks

% In the specification that limits the sample to children age 5 and younger, the point estimate for the Denver language
subtest is about 30 percent lower. This is consistentrastiits below which show that the largest treatment effects on
language are concentrated among older children. However, the impacts we estimate are robust to exclusion of the 6-
year olds who enrolled early in primary school, suggestiaigttle impacts are not primarily driven by this factor.
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were observed and others were régadiby parents, suggest largeratment effects on language and fine

motor skills than those reported in Tabl& 3.

B. Heterogeneity of effects by child gender and age
We next test for heterogeneity of treatment effegtage and gender. To do this, we run variants of
(2) which include interactions with treatment, as is standard:
(3) Z &T% ! XB ! (T* X)(. ! "
whereXis a child characteristic (for example, an indicatariable for girls). We then test for the

significance of the differences in tifg coefficients.

There are a number of theoretical and empireatons why analyzirtteterogeneity along these
two dimensions is of particular interest. Firstudsing on differences by gender, recall that Table 2 showed
no significant differences between boys and girls in thetisn of children delayed. Further, socioeconomic
gradients in cognitive outcomes do not differ by gender. We might therefore expect to see no differences in
program effects for boys and girls. However, ginksy benefit more from interventions in early childhood
than boys (as suggested by Anderson 2007). Alsd\tdreci—n a Cristsansfers were given to women, and
some research on health outcomes suggests thateesauithe hands of women benefit girls more than
boys (see Duflo 2003 on South Afai; Thomas 1994 on results for Brazil, Ghana and the US).

Second, focusing on differences by age, recallfthhte 2 showed that older children were more
likely to be delayed in language, memory and personal-social skills and that the depth of these delays was
larger for older children. Also, differences between children in poorer and less poor families become larger
with the age of the child for sonoeitcomes, notably TVIP scores. Both of these suggest that we might
expect to see larger program effects among older childbenthe other hand, there may be Ocritical periodsO
in brain development at very young ages, and the patéor later catch-up may be limited. This is one

reason why we might see larger effects of the program among the youngest children.

15 This implies excluding 30 percent of scores for the language subtest, 6 percent for the fine motor subtest and 22
percent for the gross motor subtest. Note that observation-only is not possible for the social-personal Denver sub-test,
as most items in this task rely on caregiver responses.
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Results on program effects by gender and age asepted in Table 5. The upper panel of the table
shows that there is no evidence that program imptites by genderNin some cases, the point estimates
are larger for boys than for girls, and in other cases the opposite is true. In no case is the difference in
program effects by gender significant at conventional levels.

The lower panel presents differences by chgd, with children divided into three groups,
corresponding to those age 0-35, 36-59, and 60-83 maegpectively. This analysis suggests there are
important differences in impacts by child ageNinrtieular, program effects for language outcomes in both
the Denver and the TVIP are largest among the oldest chiltirEor the language subscale of the Denver,
the effect of receivingitenci—n a Cristsansfers rises from 0.06 (standard error: 0.06) for the youngest
children, to 0.17 (standard error: 0.11) for children in the middle age group, to 0.20 (standard error: 0.09) for
the oldest children; the difference in program effects between the youngest and oldest children is significant
(p-value: 0.01). For the TVIP, thiwogram effect is 0.05 (standard err@.05) for children between the ages
of 36 and 59 months, and 0.36 (standard error: 0.X2hitdren age 60 months and older; this difference in
program effects is once again significant (p-value: 0.005).

How large are the program effects on language artitengldest children in the sample? Once again
turning the coefficients in Tablefdr children age 60 months and older into program effects on the number
of months delayed is informative. This suggests thateeci—n a Crisgrogram allowed the oldest group
of treated children in our sample to makeapproximately 2.4 months delay on the TVIP.

Turning to other outcomes, the point estin@ethe treatment dummy for the social-personal
Denver is largest for the middle age group, correspgnidi children age 36-59 months. For this group, there
is also a significant effect on the BPI. As withdaage, this suggests some dstency within domains, as
both the social-personal Denver and the BPI are liketapdure aspects of behavior, even if the BPI does
not measure delays per se. However, the differeamess age groups for the social-personal Denver test

are not significant. (For the BPI, the P-value of thes$i-ts 0.05). There is no apparent pattern of age effects

8 This result is not sensitive to the method used for age standardization. We obtained very similar results when age is
controlled for by including a series of age-month dummies, instead of removing the age effects based on the estimated
trend in the control group.
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for the McCarthy memory scale and for the measuregsasfs and fine motor skills, and in no case are the
estimated coefficients on the measure of exposure tatémei—n a Crisrogram significant!

The fact that program effects on language ougoare larger among older children is somewhat
surprising given a consensus view that very early childhood is a particularly important period for
development, and it is therefore important to condidierfinding carefully. There are a number of possible
explanations for this finding. First, it may be that thsts we use are more appropriate for older children,
and that this makes it easier to itiBnprogram effects for this group. However, we do not think that this is
the main reason for the difference in pamgreffects across age groups we estimiat&econd, it is possible
that it takes longer for the benefits of #iienci—n a Criste become apparent among younger childrenNsee
Behrman et al. (2005), Armecin et al. (2008) angyarticular, Behrman and King (2008) for a thoughtful
discussion of considerations of timgi and duration of exposure in explaining the impact of programs,
including child development programs, orteames. Third, it may be that théenci—n a Cristsansfers
were used in such a way that they particularly benefited older children, and we present some evidence below
that is consistent with this integiation. In any event, our results make clear that there is potential for
substantial catch-up in some domains of cognitiveelbgment among older présmol-aged children. This
stands in contrast with most studies of program effects on nutritional outcomesNa well established finding in
this literature is that, after 2 to 3 years of age, thergia for catch-up in height is quite limited (Martorell et

al. 1994; Martorell 1999; Victora et al. 2008).

" We also tested for heterogeneity by baseline per capita consumption and parental education levels. There is no
consistent pattern of differences in program effects by these two measures of household socioeconomic status. This is
quite different from the results in Paxson and Schady (2008) for EcuadorNthe program effects they find are
concentrated among children in the poorest quartile. Howasave note above, the sample of children in our study
appears to be substantially worse off than the samplaldfermin Ecuador. Indeed, in terms of baseline expenditures,

the mean control household in the Nicaragua sample has expenditures of US $ 267 per person per year, almost identical
to the value of US $ 263 per person per year for the mean householpdaotést quartilan the sample for Ecuador.

18 For the Denver language items, information provided in the test manual indicates that the average test-retest validity
of the items tested is 92 percent for each of the thregragps we consider, suggesting that the test consistently
measures language skills and knowledge for both youngerdedchildren. Also, our results do not appear to be

driven by differences in randomeasurement error across age groupslera shows that estimates of #enci—n a

Crisis program effects for younger children tend to have small cisffis, rather than large standard errors. All of this
suggests that the fact that we find program effeclamguage among older kids, but not among younger kids, is not
primarily a measurement problem.
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5. Transmission mechanisms

The results in section 4 make clear thatAtenci—n a Crisjgrogram had positive effects on a
number of dimensions of child deegiment. We now consider program effects on various Orisk factorsO that
have been identified as important determinants of cognitive development inrditedégsee the review by
Walker et al. 2007). The first of these is inadequatetiauty including poor maternal nutrition before birth.

A large body of evidence suggests that poorly noudisiédren are at increased risk of poor cognitive
development outcomes, and food supplementatiorrgmogyhave been shown to have positive effects on
child development in a variety of settings, includ®dgatemala, Indonesia, and Jamaica, although positive
effects in Jamaica were no longer apparent in thedomg@Walker et al. 2005). We therefore assess whether
families who benefited from th&tenci—n a Crisjgrogram spent more on food, and on different kinds of
food.

The second risk factor we consider is inadeqgstieulationNit is estimated that only between 10
percent and 41 percent of parents in developing degrnirovide cognitively stimulating materials to their
children, and the fraction of parents involved igitively stimulating activities for their children is
similarly low (Walker et al. 2007). Moreover, numerstisdies have found that interventions that increase
stimulation in early childhood result in improvementsliild cognitive developmentWe therefore assess
whether children in households randomly assigneddeive transfers received more stimulation.

Finally, lack of micro-nutrients, exposure to irieas disease and caregiversO mental health are all
thought to be important risk factors for child cdiye development (Walker et al. 2007; see also Sohr-
Preston and Scaramella 2006, who review the relationship between maternal mental health and child
cognitive and emotional outcomes in the US, especially among low-income children). We therefore consider
whether theAtenci—n a Crisgrogram had positive effects on the use of preventive health care and the
health status of children, and on measures eémal depression and the parenting environment in
childrenOs homes.

Our approach is as follows: We first document program effects on these risk factors, and then

analyze whether any observed program effectdeamccounted for purely by the increase in overall
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expenditures among households that receiedci—n a Cristsansfers. Specifically, we test whether
transfer income was spent in a similar way as otlemie, focusing on expenditures that could be relevant

for the cognitive development of young children.

A. Treatment effects on intermediate inputs

We begin by documenting how the program afdadhe levels of various inputs into child
development in Table 6. To put the magnitude ofoeffento perspective, thelig also includes the mean
value of each variable for the control group. @uts related to househibfood consumption, and
parenting and mental health, the sample size correspotitls number of households. For inputs related to
child food intake, stimulation, and health stathg, sample size corresponds to the number of chifdren.

Table 6 shows that overall food expenditureséased among treated households, and expenditures
on nutrient-rich food such as animal proteins, fruit and vegetables increased more than proportionally.
Treatment effects on indicators of food intakenofividual children under the age of 7 show a similar
pattern. Hence, the program seems to have resnleedhift towards more diversified diets and more
nutrient-rich food for young children.

Table 6 further shows that treated households hégher values for various indicators of early
stimulation: books, and paper and pgeare more likely to be availablerfahildren, children are more likely
to be read and to have stories told to them, ane isex marginally significant impact on early enrollment in
primary schoof®

Finally, Table 6 shows program effects on a nunatfeneasures of preventive health careNtreated
children are more likely to have had a growth checkanp,to have received vitamins, iron, and de-worming

drugs?* These children are also more likely to see impmemts in mother-reported health status, are less

19 As before, these regressions include all children between 0 and 83 months, and hence include those children that
spent part of the time during which the treatment was availahltero. Because the mardim changes in inputs for

these very young children might be limited, we also estimated all regressions excluding children from 0 to 9 months old
and obtained very similar results.

20 While the schooling requirement was not binding for the childetow 7 considered in this paper, this could point to

a potential spillover effect.

% These self-reported measures of gtoeheck-ups were double-checked usingaccination-health use card filled in

by health care providers when children visit the health cefteese cards were available for 87 percent of the children
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likely to have been in bed because of iliness, and are likelgto have been taken to a doctor if they were
ill. On the other hand, there is no program effect okl @mthropometric measures, or on the birth weight of
recently born children (under 5 monfhgho would have benefited from the program for the majority of their
time in utero. (For this last measure, the pestimate is positive but not significant, but sample sizes are
very small.) Finally, in treated households theeeiamprovements in the mental health of caregivers, as
measured by the CESD depression scale, although #re only borderline significant. (Lower values
correspond to better outcomes for the CESD.)

Table 7 presents a comparable analysis broken dowhildyage. We focus on inputs that are child-
specificNfor example, child food intake (rather than expenditures on food items, which cannot be
disaggregated for individual children), the likelihood thahild received a toy, or was read to (rather than
the availability of books, or paper and pencil for ct@tg, and measures of child health. The table shows
that for a number of food items, including tortilla, mitkeat and eggs, the program effects on food intake
are larger among older childrenNand in the case of nmikat, and eggs the differences are significant.
Treatment effects on the probabilityatra child has been read to afso significantly larger among older
children. Finally, for older children there are largepacts on the probability that they received vitamin A
or iron, de-worming medication, or had a growtledtup, compared to younger children. These results
might be driven by the fact that there is more rdonthanges in behavioral patterns for older childrenN
while diets of very young children are likely to &ienilar for all households (milk), variation in the
nutritional value of diets is larger among older childigavertheless, regardless of the reasons why changes
are larger for older children, the results in Tab&& consistent with the program effects we observe on
child development: Older children randomly assigne@teive transfers had both larger changes in a
number of key inputs into child development than yourgéddren, and also saw larger changes in cognitive

outcomes.

in the sample. Results are robust when only this 87 gesabsample is used, suggestingt tlesults are not driven by
reporting bias.
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B. Engel curve analysis

The findings in Table 6 are perhaps not surprisinggrgithe magnitude of the transfer. We therefore
next turn to the question of whether the observed impnewts in these risk factors are larger than what one
would expect to see given the increase in overall expuead that resulted from the program. Specifically,
we use nonparametric regressions to compare ekpendnd behavior pattes among households with
similar overall expenditure levels treated and control communities.

We first focus on overall food expenditures, and graph food Engel catré@ow-upfor treated and
control households in Figure 2. The curves show the familiar downward slopeNbetter-off households tend
to have lower food shares in expenditures, as predicted by Engel®&s If énansfers were spent like other
sources of income, thtenci—n a Crisfgrogram would move households along the Engel curve, and the
food share would fall (even if the absolute amount speribod increased). However, the figure shows that
the food Engel curve for treated households is evieeygrabove that of control households. The lower
panel of the figure graphs the difference betweenviloecurves, and a 95 percent confidence interval based
on bootstrapped standard errors (as in Deaton 1997; Kremer et al.’200d)s panel shows that the
difference between the two curves is significant for th& btithe distribution of per capita expenditures.

We next turn to the composition of food expendituin Figure 3. This figure shows that, at similar
overall expenditure levels, treated Beholds spent significantly less on staples (primarily beans, tortillas,
and rice), and significantly more on animal protditicken, meat, milk, eggs), as well as on fruits and
vegetables. The catch-all Oother foodO categonyh wtiades a variety of expenditures (mainly sweets,
prepared food, vegetable oil and coffee), shows less of a clear pattern. Figure 3 thus shows that households
diversified their diets and shifted towards higherlityaaources of calories. Increased expenditures on
animal proteins, fruits and vegetables may also have allowed households to acquire micronutrients, such as

iron. This is important as a recent review (Walkkeal. 2007) estimates that between 44 percent and 66

22 The increasing slope at the lowest level of expenditure is similar to results in other settings (Thomas 1986).

2 Fan regressions were estimated with bandwidth ofiIresults are not sensitive to the choice of bandwidth. The
significance of the difference was established using bootstrapped standard errors, clustered by community. The 2.5
percent highest and lowest values for log per capita expenditures were trimmed, because of the low density of
observations in the tails of the distribution.
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percent of children in developing countries suffer fromnaia, and that iron deficiency is one of the main
proximate causes for low levels of cognitive depenent among children in poor countries (see also
Bobonis et al. 2007 for evidence from India).

Figure 4 presents the results for expenditures o btibad categories. The figure shows that the
share of expenditures on schooling increased significéontlgll but the richest households, while the share
of expenditures on health, housing, and other nod-fiems generally deeased. These decreases are
significant for a large range of consumption levels.alffnexpenditure shares on health are consistent with
the improved health status of households that receivettémei—n a Cristsansfers.

Figure 5 presents a comparable analysis for chililgation. In particular, we consider whether
there are changes in the relationship between housekpénditures and various inputs, such as drawing
and reading material, story-telling and reading by paterttseir children. Figure 5 shows that at similar
expenditure levels, children in treateoduseholds are more likely to haagcess to pen, paper and books, and
parents spent more time reading to them. With the exception of story-telling, the upward shift in the curves
is significant for a large range of expenditure levelsnil8r results are apparent for other stimulation inputs
(unreported but available from the authors upon refjudste pattern that emerges for indicators of
preventive health care and general health statusiiasithough somewhat less clear. While the upper panel
of Figure 6 suggests some upward shifts of the cuhgedifferences between treated and control groups are
less often significant!

In sum, theAtenci—n a Crisfgrogram changed household expendifpatterns in important ways.

At follow-up, treated households spend a higher propoii their expenditures on food, their children have
more diversified and nutrient-rich diets, more access to material that can stimulate their cognitive
development, and better preventive health care indeat@aregivers in treated households also seem to
allocate more time to reading to their children, hade better mental heath outcomes. Many of these
changes are larger among older childrenNprecisetyatye group for which we estimated the largest

program effects on language development. The changes in food expenditure patterns and stimulation

% In Nicaragua, as in many other developing countries, preventive health care visits are nominally free. This could
explain the relative flat socioeconomic gradients.
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indicators are larger than what would have beguected from the increase in overall expenditures that

resulted from the program, which suggests that there b&havioral changes among treated households.

6. Conclusion

In many developing countries, young dnén suffer from profound delays in cognitive
development. These delays are likely to have senoplcations for the success of these children as adults.
Indeed, a variety of theories of skill formation sugdkeat investments in schooling and other dimensions of
human capital will have only low productivity if childreio not have adequate levelscognitive and social
skills at early ages (for example, Cunha et al. 2005). Understanding the causes for deficits in early
childhood, and identifying interventions that can heddress them are very important priorities for research.

This paper uses a randomized evaluation designitoagstthe impact of a cash transfer program on
a large set of measures of cognitive developmenngmgoung children in Nicaragua, a low income country.
We show that the program had a substantial positive impact on both personal-social and language
development after only 9 months. Program effectoguage outcomes are larger among older children,
suggesting that there is substantial potential for cagpcim this domain. Furthermore, the positive impacts
suggest that gains in early childhood development outcomes, which have not been widely studied in the
economic literature on developing coties$, should be taken into account when assessing the benefits of
cash transfer programs.

We show that households who bfieel from transfers increased expenditures on some critical risk
factors for cognitive development in early childho@pecifically, households spent more on nutrient-rich
foods. They also appear to haveyded more early stimulation to thehildren, and to have made more
use of preventive health care. @bas in the pattern of food expenditures and in stimulation inputs are
larger than what one would expect to see if the mmgrvere simply moving children along the curves that
relate these inputs to overall expendituresNclear ewva that the program affected how households allocate
their budget. Thus, in Nicaragua, a dollar is not always a dollar (or, ratberrdobés not always a

C—rdobja More research is needed to understand VYeaditires of program design, including the gender of
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the recipients, the social marketing of the program, efdht that transfers may have been understood to be
short-term in nature, resulted in these cleasng behaviors and expenditure patterns.

The evidence in this paper illustrates that gains in early childhood development can result from
interventions that focus on investments made bynpsite reduce risk factors for cognitive development.
Transfers provide additional resources to householdsyiatjothem to invest more in children. Parents also
change the allocation of resources in ways thagapim benefit young children. This opens up the

possibility for new and innovative policies thatnkdairectly with parents and caregivers.
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Figure 1: Socioeconomic gradients in cognitive development
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Figure 2: Food Engel curves
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Figure 3: Composition of food expenditures: Share of differentypes of food expendituren total food expenditure
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Figure 4: Share of expenditures of different non-food items
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Figure 5: Relationship between consumption levg and inputs for early childhood stimulation
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Figure 6: Relationship between consumption levelpreventive health care, and health status
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Table 1: Randomization results

Mean Mean P-value
N control  treatmen  difference
Program info
Take-up rate (contamination in control) 0.1 95.3
Cash transfer as a share of overall consumption - 15
Child-specific characteristics
All Children
Male 3505 0.52 0.50 0.388
Age in months 3506 44.02 43.56 0.587
0-35 months old 3506 0.40 0.40 0.983
36-59 months old 3506 0.27 0.28 0.603
60-83 months old 3506 0.33 0.32 0.643
Years education mother 3481 4.01 4.07 0.825
Years education father 3218 3.48 3.57 0.681
Children 0-5 at baseline
Weight-for-age z-score 2365 -0.91 -1.06 0.168
Height-for-age z-score 2355 -1.10 -1.28 0.122
Weight-for-height z-score 2369 -0.19 -0.17 0.764
Consulted doctor if sick or diarea 1599 0.72 0.76 0.290
Weighed in last 6 months 2488 0.93 0.90 0.154
Received vitamines in last 6 months 2488 0.74 0.68 0.117
Received deworming drugs in last 6 months 2488 0.58 0.51 0.076
Household characteristics
Male household head 2270 0.84 0.86 0.459
Household size 2270 6.14 6.05 0.621
Number of children under 5 2270 1.14 1.13 0.867
Number of children between 5 and 14 2270 1.72 1.73 0.927
Number of persons between 15 and 24 2270 1.19 1.17 0.862
Number of persons between 25 and 64 2270 1.88 1.86 0.714
Number of people 65 and older 2270 0.19 0.13 0.050
Number of men 2270 3.02 2.97 0.658
Number of women 2270 3.12 3.07 0.633
Rooms in the house 2270 1.63 1.58 0.539
Distance to school (hours) 2270 0.31 0.26 0.149
Distance to health center (hours) 2270 1.28 1.18 0.542
Distance to municipal headquarters (hours) 2270 1.72 1.58 0.438
Owns toilet/latrine 2270 0.73 0.71 0.603
Water in house 2270 0.11 0.12 0.744
Acces to electricity 2270 0.35 0.38 0.687
Own land 2270 0.65 0.63 0.591
Total income per capita (cordobas) 2270 3794 3811 0.956
Total consumption per capita (cordobas) 2270 4547 4562 0.964
Total food consumption per capita (cordobas) 2270 3180 3063 0.595

Note P-values based on standard errors clustered by community
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Table 2: Frequency of delay in control communities compared to international norm

Children 0-83 months dl Children 36-83 months dl
Denve TVIP McCarthty
Fine Gross Receptive Leg
Social Lamuage Motor Motor language Memogy Motor

Child is in lowest 25% of international distribution for at least one task.

All 0.64 0.82 0.60 0.44 0.97

Child is in lowest 10% of international distribution for at least one task.

All 0.46 0.61 0.40 0.29 0.85
Boys 0.48 0.65 0.42 0.29 0.84
Girls 0.44 0.58 0.37 0.28 0.86
0-35 months 0.30 0.48 0.28 0.41

36-59 months 0.48 0.59 0.53 0.27 0.70
60-83 months 0.65 0.79 0.43 0.14 0.97

0.85

0.61

0.60

0.61

0.56
0.65

0.41

0.24

0.24

0.25

0.21
0.27

Note: Calculations for TVIP and McCarthy based on information about distribution in the international reference
population (Mexico and Puerto Rico for TVIP, US for Mciig). Denver results reflect the direct outcomes of the
Denver subtests, which consider whether tasks are lowiest quartile or decile compared to a US reference

population.
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Table 3: Main reduced-form treatment effects

Denver Test TVIP McCarthy BPI
Social Language Fine Gross Receptive  Memory Leg Behavior
Motor Motor Language Motor Problems
Separate Treatments
Basic .136* .190*** 0.099 0.018 .209** .153* -0.026 0.101
(.070) (.067) (.070 (.074) (.086) (.091) (:117) (.080)
Training .155** A76%** 0.07 0.017 .186** 0.053 -0.004 0.081
(.063) (.066) (.073 (.066) (.082) (.085) (.114) (.073)
Grant A12* .135** 0.130* -0.012 278+ 0.074 0.038 0.017
(.067) (.065) (.07 (.076) (.105) (.076) (.112) (.080)
F-test 0.654 (.462) 0.384 0.819 0.535 0.429 0.597 0.489
Joint Treatment
Treated .134** 166+ 0.099 0.007 223+ 0.092 0.001 0.067
(.059) (.060) (.068) (.066) (.078) (.072) (.109) (.065)
N 3454 3432 3420 3405 1971 1985 1993 2080

Note The table reports coefficients and standard errors corrected for clustering at the community level (in
parentheses).Age trends have been removed from all outcomes. All outcomes are standardized by subtracting the mean
and dividing by the standard deviation of the control group. For the Denver, the sample includes children between the ages
of 0 and 83 months; for the TVIP, McCarthy, and BPI the sample includes children between the ages of 36 and 83 months.
For the Denver test, the dependent variables are defined in terms of the number of delays plus cautions. The F-test reports

the p-value of a test of equality of coefficients of the basic, training, and grant packages.
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Table 4: Robustness checks

Denver Test

Social Language Fine Motor  Gross Motor
. I .134** .166%** .099 .007
Basic specification (.059) (060 (069 (.06
) . .122%* .152%** .085 .010
Without removing age effects (.058) (.056) (.067) (.063)
With age and gender controls, without removing age N .136%+* .082 .004
effects first (.053) (.051) (.068) (.059)
Including additional controls 120 aa™ 090 015
(.057) (.052) (.070) (.067)
) . . 144 .162%** .076 -.034
Without dropping outliers (.056) (.058) (.066) (.068)
Usi tor D .145%* .122* .067 .004
sing narrower age range for Denver (.061) (.063) (.070) (.074)
. . .125** .148** .089 -0.003
Including non-eligible (.060) (.060) (.069) (.066)
Excluding children with early enroliment in primary .149** .138** .077 0.003
school (.060) (.061) (.068) (.071)
*k *k%k
Only children 10-83 months old '(1323) .1(8(365) '(18%2) .(0(1)5730)
.120** 147%* .084 .002
Number of tasks in bottom decile (not quartile) (029) (.059) ?363) ?855)
. . .059** .031 .000 -.007
At least one task in bottom decile (.027) (.027) (.030) (.025)
. . .041* .056** .034 -.004
At least two tasks in bottom decile (.021) (.026) (.022) (.015)
. .199%*+* .130* .040
Using only observed (not reported) outcomes (.063) (.069) (072)
TVIP McCarthy BPI
Receptive Behavior
Language Memory Leg Motor Problems
) ficati .223*** .092 .002 0.067
Basic specification (.078) (072) (.109) (0.063
) . .166**+* .052 .001 .032
Without removing age effects (.070) (.060) (.093) (.065)
With age and gender controls, without removing age .228%* .070 .018 .037
effects first (.085) (.059) (.088) (.065)
Including additional controls 1897 071 013 071
(.071) (.066) (.111) (.065)
) . . 241 xx* .087 .006 .074
Without dropping outliers (.078) (.069) (.107) (.056)
. . .185** .081 .001 .060
Including non-eligible (.074) (.071) (.110) (.066)
Excluding children with early enroliment in primary .186*** .070 .014 .077
school (.069) (.070) (.110) (.062)

Note: See table 3. The table reports coefficients and standard errors corrected for clustering (in parentheses).
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Table 5: Heterogeneity of treatment effects by child gender and age

Denver Test TVIP McCarthy BPI
. Fine Receptive Leg Behavior
Social Language Motor Gross Motor L anguege Memory Motor Problems
Heterogeneity by child gender
T*Boy .188** .206** 125 -.023 .233** .068 -.073 .058
(.077) (.092) (.083) (.073) (.095) (.095) (.112) (.084)
TGirl .077 121 .072 .042 219** 114 .081 .076
(.068) (.056) (.075) (.088) (.096) (.082) (.134) (.075)
Bo -.141* -.170* -.090 .082 .060 .005 A11 .001
y (.074) (.088) (.072) (.081) (.090) (.089) (.102) (.071)
F-test 0.193 0.374 0.520 0.489 0.901 0.659 0.184 0.849
Heterogeneity by child age
.079 .056 .028 -.016
*
T"AGEL (.076) (.060) (.076) (.093)
T*AGE?2 .234xxx 174 144 .005 .054 A11 -.032 172%*
(.088) (.110) (.103) (.109) (.052) (.079) (.131) (.082)
T*AGE3 120 .300*** 152 .040 .362%** .077 .031 -.023
(.105) (.088) (.113) (.066) (.118) (.093) (.107) (.080)
.064 .075 .008 .042
AGE2 (.098) .095 (.076) (.105)
AGE3 .002 .038 .023 .013 .013 .044 .015 .033
(.109) (.075) (.114) (.077) (.088) (.077) (.079) (.078)
F-test 1 0.183 0.293 0.200 0.861
F-test 2 0.306 0.265 0.953 0.733 0.005 0.733 0.501 0.049
F-test 3 0.743 0.011 0.340 0.565
N 3454 3432 3420 3405 1971 1985 1993 2080

Note The table reports coefficients and standard errors corrected for clustering (in parentheses). Age trends have been
removed from all outcomes. All outcomes are then standardized by subtracting the mean and dividing by the standard
deviation of the control group. For the Denver, the sample includes children between the ages of 0 and 83 months; for the
TVIP, McCarthy memory test, and the BPI the sample includes children between the ages of 36 and 83 months. For the
Denver test, the dependent variables are defined in terms of the number of delays plus cautions. Standard errors correct for
clustering at the community level. AGEZ1 refers to children aged 0-35 months, AGE2 refers to children aged 36-59 months,
and AGES3 refers to children aged 60-83 months. The F-test in the middle panel reports the p-value on a test of equality of
the coefficients on (T*girl) and (T*boy). The F-tests in the lower panel report the p-values on the following tests: F-test 1
tests equality of the coefficients on (T*AGE1) and (T*AGE2), F-test 2 tests equality of the coefficients on (T*AGEZ2) and
(T*AGES3), and F-test 3 tests equality of the coefficients on (T*AGE1) and (T*AGE3).
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Table 6: Treatment effects on intermediate iputs, full sample

Mean
Variable control Coefficient s.e.
Hh-level food consunption per capita (logs)
Total food 8.028 0.310*** (0.09
Steples 7.214 0.195*** (0.0
Animal protein 5.488 1.071*** (0.12
Fruit and vgetables 4.580 1.005*** (0.12
Child food intake (nr days in last weel
Tortilla 5.950 0.043 (0.10
Milk 1.580 1.147%** (0.23
Meat 0.564 0.764*** (0.08
Egos 1.594 1.258*** (0.19
Fruit 2.552 0.452** (0.20
Vegetables 1.468 0.713*** (0.21)
Stimulus
Got toy in last 6 months 0.271 0.068** (0.03
Haspen andpaper to draw 0.690 0.101*** (0.03
Has books 0.073 0.067*** (0.02
Somebog tells stories 0.520 0.125*** (0.09
Somebog reads to child 0.080 0.081*** (0.02
Nr of hours read to 0.134 0.257*** (0.0
Enrolled in stimulugprogram orpre-school 0.424 0.065 (0.09
Early enrollment inprimary school 0.096 0.025* (0.00)
Preventive health care and health status
Improved health status since lgsar 0.510 0.102*** (0.03
Probability of beirg in bed for illness 0.099 -0.035** (0.02
Number of dgs in bed for illnes 0.610 -0.330** (0.13
Consulted doctor if ill 0.730 0.057** (0.03
Taken togrowth check-p 0.782 0.056*** (0.02
Weighed in last 6 months 0.705 0.063*** (0.02
Received vitamin A or iron in last 6 months 0.734 0.086*** (0.02
Received dewormidrugs in last 6 months 0.566 0.066*** (0.03
Birth weight in kg (0-5 months oljl 2.987 0.161 (0.13
Waz-score -0.958 -0.052 (0.10
Whz-score -0.070 -0.025 (0.0
Parenting and maternal health care
HOME scale 3.826 0.035 (0.27
CESD deression scale 14.786 -1.400* (0.80

Note Standard errors corrected for clustering at the community level (in parentheses). Regressions for household per
capita food consumption and parenting and mental health use household as unit of obsR22i6®) all other

regressions use individual children as unit of observatidrB%06). In child-specific regressions, sample includes

children between 0 and 83 months, except for birthweight, where sample is restricted to children younger than 6 months
(N=170. All rearessions estimated/lOLS.
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Table 7: Treatment effects on itermediate inputs, by child age

T*AGE1 T*AGE2 T*AGE3 F-test 1 F-test 2 F-test 3

Child food intake

Tortilla -0.155 0.144 0.202* 0.153 0.667 0.081
(0.194) (0.100) (0.107)

Milk 0.661** 1.321%** 1.578*** 0.010 0.279 0.001
(0.304) (0.278) (0.212)

Meat 0.533*** 0.895%** 0.939%** 0.000 0.647 0.000
(0.087) (0.095) (0.096)

Eggs 0.878*** 1.506*** 1.522%** 0.006 0.944 0.004
(0.158) (0.205) (0.208)

Fruit 0.421** 0.364 0.561* 0.834 0.508 0.616
(0.198) (0.289) (0.286)

Vegetable 0.606*** 0.789*** 0.781*** 0.459 0.976 0.481
(0.193) (0.292) (0.292)

Stimulation

Received toy 0.095** 0.048 0.051 0.266 0.926 0.314
(0.039) (0.043) (0.036)

Told stories 0.091* 0.135*** 0.158*** 0.308 0.590 0.149
(0.050) (0.040) (0.043)

Read to 0.019 0.118*** 0.128*** 0.001 0.739 0.000
(0.019) (0.031) (0.031)

Hours read to 0.192%** 0.353*** 0.259%** 0.051 0.399 0.482
(0.072) (0.086) (0.090)

Stimulation program or preschool  0.061 0.068 0.069 0.898 0.987 0.884
(0.049) (0.062) (0.052)

Primary school 0.000 0.006** 0.079** 0.040 0.061 0.043
(0.000) (0.003) (0.038)

Preventive health care and health outcomes

Improved health status 0.050 0.155*** 0.123*** 0.035 0.474 0.144
(0.037) (0.040) (0.042)

Being ill -0.027 -0.033 -0.047* 0.825 0.612 0.482
(0.018) (0.022) (0.026)

Daysiill -0.186* -0.413 -0.437* 0.452 0.941 0.310
(0.111) (0.273) (0.237)

Consulted doctor if ill 0.026 0.046 0.105** 0.642 0.223 0.078
(0.027) (0.044) (0.044)

Taken to growth check-up 0.001 0.018 0.153*** 0.420 0.007 0.001
(0.010) (0.022) (0.044)

Received vitamin A or iron 0.048* 0.042 0.167*** 0.878 0.008 0.012
(0.028) (0.028) (0.038)

Received deworming 0.025 0.040 0.136*** 0.751 0.086 0.012
(0.033) (0.040) (0.037)

Waz-score -0.059 -0.147 0.046 0.495 0.094 0.380
(0.133) (0.124) (0.112)

Whz-score -0.104 0.000 0.070 0.386 0.484 0.126
(0.094) (0.081) (0.086)

Note N=3506. See table 6. All regressions include AGE1, AGE2, and AGES3 as independent variables. The F-tests report the p-
value on the following tests: F-test 1 tests equality of the coefficients on (T*AGE1) and (T*AGEZ2), F-test 2 tests equality of the
coefficients on (T*AGE2) and (T*AGE3), and F-test 3 tests equality of the coefficients on (T*AGE1) and (T*AGE3).
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Appendix 1: Attrition

Attrition can potentially introduce serious biases into the estimation of program effects. In this
study, attrition between the baseline and follow-up swwvegs minimal. Only 1.3 percent of households
interviewed at baseline, and 4.6 percent of childredeuthe age of 7, could not be re-interviewed at
follow-up. Attrition is uncorrelated with treatmentNin a regression of attrited households on a dummy
for treatment the coefficient is -.004, with a standardr of .005, and in a comparable regression for
children the coefficient is .004, with a standard eofaf012. Further, Appendix Table Al shows that the
baseline characteristics of the full sample of childmah those that could be located at follow-up are very
similar.

In addition to attrition because of failure to réeirview, 5 percent of the children did not do one
or more tests. This was typically due to refusgbarticipate by extremely shy children, who were not
willing to interact with the enumerators in a way tabdwed the test to beonducted. Appendix Table
A2 shows that the baseline characteristics of children aid all tests are very similar to those of other
children located at follow-up. However, the share of children who refused to take at least one test is 2
percentage points lower in treated than in controiroanities, and this difference is significant at the 10
percent level. Appendix Table A3 shows that, oarage, children who did not complete all tests did
significantly worse on those tests they took than other children. This might indicate a possible treatment
effect on the willingness for social interaction amorgttieated children, which is consistent with the
results in our paper. Because children who did not take a particular test are excluded from the sample
when we consider the results of that testywegy therefore underestimate the treatment effects on
cognitive development. However, given the small number of cases, the magnitude of the bias is likely to

be small.
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Appendix Table Al: Baseline characteristics of laeligible households compared to eligible
households tracked back at follow-up

Mean Mean all re-
all interviewed

Household characteristics

Male household head 0.82 0.82
Household size 5.28 5.30
Number of children under 5 0.65 0.65
Number of children between 5 and 14 1.53 1.54
Number ofpersons between 15 and 24 1.07 1.08
Number ofpersons between 25 and 64 1.77 1.78
Number ofpegple 65 and older 0.24 0.24
Number of men 2.65 2.67
Number of woma 2.62 2.63
Rooms in the house 1.62 1.63
Distance to schoghourg 0.27 0.27
Distance to health centérourg 1.14 1.14
Distance to munigial headuarters(hourg 1.54 1.54
Owns toilet/latrine 0.76 0.76
Water in house 0.13 0.13
Acces to electricit 0.40 0.40
Own land 0.66 0.66
Total incomeper caita (cordoba} 4742 4725
Total consumtion per caita (cordoba$ 5443 5424
Total food consumtion per caita (cordoba¥ 3537 3527
N 4021 3969

Note Sample includes eligible households with children between the ages of 0 and 83 months at
follow-up.



Appendix Table A2: Baseline characteristics of eligible children who did all age-relevant tests compared to
all eligible children

All Did all tests
N mean N mean
Child-specific characteristics
All Children
Male 3505 0.50 3325 0.50
Age at follow-up 3506 43.67 3326 43.27
0-35 months old 3506 0.40 3326 0.42
36-59 months old 3506 0.27 3326 0.26
60-83 months old 3506 0.32 3326 0.32
Years education mother 3481 4.06 3303 4.09
Years education father 3218 3.55 3057 3.57
Children 0-5 at baseline
Weight-for-age z-score 2365 -1.02 2219 -0.99
Height-for-age z-score 2355 -1.23 2211 -1.20
Weight-for-height z-score 2369 -0.17 2224 -0.15
Consulted doctor if sick or diarea 1599 0.75 1494 0.75
Weighed in last 6 months 2488 0.91 2329 0.91
Received vitamin A in last 6 months 2488 0.69 2329 0.69
Received deworming drugs in last 6 months 2488 0.53 2329 0.52
Household characteristics
Male household head 2270 0.86 2197 0.86
Household size 2270 6.07 2197 6.09
Number of children under 5 2270 1.14 2197 1.14
Number of children between 5 and 14 2270 1.73 2197 1.74
Number of persons between 15 and 24 2270 1.18 2197 1.18
Number of persons between 25 and 64 2270 1.87 2197 1.87
Number of people 65 and older 2270 0.15 2197 0.15
Number of men 2270 2.99 2197 2.99
Number of women 2270 3.08 2197 3.09
Rooms in the house 2270 1.59 2197 1.59
Distance to school (hours) 2270 0.27 2197 0.28
Distance to health center (hours) 2270 1.20 2197 1.20
Distance to municipal headquarters (hours) 2270 1.62 2197 1.63
Owns toilet/latrine 2270 0.72 2197 0.72
Water in house 2270 0.12 2197 0.12
Acces to electricity 2270 0.37 2197 0.37
Own land 2270 0.63 2197 0.64
Total income per capita (cordobas) 2270 3806 2197 3812
Total consumption per capita (cordobas) 2270 4558 2197 4553
Total food consumption per capita (cordobas) 2270 3093 2197 3092

Note: Based on sample of children between the ages of 0 and 83 months at follow-up.
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Appendix Table A3: Test outcomes fochildren who did all tests versus those that missed some but not all

Did all tests Did not do all tests P-value
difference

Outcome N Mean N Mean
Denver:personal 3302 0.116 152 -0.214 0.0023
Denver: laguage 3305 0.139 127 -0.245 0.0021
Denver: fine motor 3312 0.084 108 -0.202 0.0233
Denver:.gross moto 3312 0.028 93 -0.780 0.0000
TVIP 1879 0.176 92 0.009 0.1330
McCarthy-memoy 1924 0.079 61 -0.255 0.0149
McCarthy-leg motor 1921 0.019 72 -0.456 0.0011
BPI 1923 0.032 151 -0.013 0.6240

Note P-value of the difference calculated based on clustering at the community level. Age trends have been
removed from all outcomes. All outcomes are standardized by subtracting the mean and dividing by the
standard deviation of the control group. For the Denver, the sample includes children between the ages of 0 and
83 months; for the TVIP, McCarthy, and BPI the sample includes children between the ages of 36 and 83
months. For the Denver test, the dependent variables are defined in terms of the number of delays plus cautions.
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Appendix 2: Details on early childhood development tests

We focus on eight measures of early childhoogetipment. Social-personal, language, fine
motor, and gross motor skills for all children were assessed using the four sub-tests of the Denver
Developmental Screening Test (Frankenberg and Dodds 1996). For each subtest, the child is asked to
perform a number of age-specific tasks. When childiaé to perform a task that 75 percent of children
of their age in the reference population can performmieht falls back to easier tasks, up to the point
where tasks are reachedtlhe child can perforft. In case certain behaviors or tasks cannot be
observed, the caregiver is asked about the abilitethild to perform them. The social-personal
subtest mainly consists of behavior that the cas¥gssasked about, such as social interactions, the
ability of a child to dress and eat on her own, imitdteers, etc. The languagabtest covers recognition
and use of sounds, words, sentences, etc. Thenfitar skills subtest mainly relates to manual tasks
such as drawing, playing with cubes, reaching foeatj etc. Finally, the gross motor tasks capture
basic crawling, sitting, walking, as well as throwijugnping, etc. The Denver scores are based on the
number of tasks a child fails to perform, when theskstaan be carried out by more than 75 percent (or
90 percent, see below) of children o teme age in the reference populatfon.

For children age 36 months or older we applimg fadditional tests. The first of these is the
TVIP, the Spanish-speaking version of the Peabody Picture Vocabulary Test (PPVT), a test of receptive
vocabulary that has been widely used in developed and developing cotin@ikédren are shown a
series of slides with four pictures each (for example first slide has a picture of a flashlight, a boat, a
basket, and a hot-air balloon), and are asked td pbangiven object stated by the enumerator (for
example, OboatO). Test items gradually becomediificult. The enumerator records the number of

correct and incorrect responses, and the test stogs avbhild is making as many errors as she would be

% Similarly, for children performing all tasks for their age groie test continues with more difficult tasks. For the
children in our sample, however, this occurred very rarely.

%8 The Denver has been used in other studies of early childhood development in developing countries, including in
Nicaragua (Oberhelman et al. 1998). Other applications in developing countries include Halpern et al. (1996);
Cheung et al. (2001); Choudhury and Gorman (2003); and Dewey et al (2001).

" See, for example, Paxson and Schady (2007, 2008), Umbel et al. (1992), Baydar and Brooks-Gunn (1991), Blau
and Grossberg (1992), Rosenzweig and Wolpin (1994), and Fernald, Gertler, and Neufeld (2008).
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expected to make if she were randomly guesingle also use a short-term memory test and a leg
motor test from the McCarthy test battery. la themory test, the enumerator reads to the child
increasingly long sequences of numbers, and asks thetah#geat them. The leg motor test measures
the ability of children to execute six predetermined tasksNfor example, walking on tiptoes or backwards,
and standing on one fo&t. The final test we use is the Behavior Problem Index (BPI), whichsed on
the caregiverOs report of the frequency that a child displays each of 29 problematic behaviors, with
responses coded as OneverO, OsometimesO and’Owfeenge the number of behavioral problents fo
which a caregiver answers OoftenO. Unlike tier outcomes we study, behavioral problems do not
necessarily indicate a delay, as there are no benchmarks or established ages at which they are predicted to
decreasd"
The Denver is designed for children between 0 apelaBs of age. For this study, the testwa
also applied to older children, given the substantial delays in cognitive development that exist in our
sample (described in detail in the paper). Owilysis focuses on children below 7 years at follow-@pN
to 83 months for the Denver, and 36-83 months for all other¥estée do not include the children 7
years or older in the analysis, both becauseeate range of the Denver, and because the program
requirenent of primary school enroliment and attendance was binding for children age 7 and®above.
None of the children in our sample are bilindien obvious concern with tests that meas
language ability. All of the tests were carefullgpested in the field and a handful of items that

appeared to be culturally inappropeiavere amended. The TVIP watandardized with a population of

28 Before the test starts, the enumerator explains the itesthe help of a few example slides. She proceeds to the
actual test slides only once the child Hemonstrated understanding of the test.

2 See Stoltzfus et al. (2001), Gertler and Fernald (26@4hald, Gertler, and Neué{2008), and Cogill et al.

(1986) for other applications.

%0 Recent applications of the BPI intimAmerica include Fernaldertler, and Neufeld (2008); Paxson and Schady
(2008).

1 There is some overlap between the BPI and the socisdimarbehaviors measured in the Denver. For instance,
the Denver personal-social subtest has a number of iteinsetate to social interactions; and the BPI also has
guestions about whether or how the child interacts with others.

32 Given that the program had been implemented for 9 months, the duration of exposure to the program is the same
for all, including the youngest children, if one includes the time in-utero.

¥ As discussed above, this implieatihouseholds with childrehyears or older received an extra amount of cash
for school supplies.
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Mexican and Puerto Rican children, and the words lapag of standard vocabulary in Nicaragua. sThi

was further verified during pre-testifig.In the case of the Denver test of language, there also does not
appear to be an obvious concern with cultupgrapriatenessNthe test measures whether infants can

utter various sounds and, for older children, whethey tan identify and name simple concepts, such as
body parts. Additional evidence that the Denvepisrapriate for our study population is provided by the
fact that the national early childhood stimulation program in Nicaragua uses a slightly modified version o
this test for child monitoring. For all these reasdanseems unlikely tht the observed delays are due to

possible cultural inappropriateness of the tests for children we study.

34 paxson and Schady (2007) show that in rural Ecuador children whose mothers or fathers have completed
secondary schooling have average scores that place them iff'ther&éntile of the test, indicating they perform as
well as the international reference population, even if noéimgrs in the same setting also have very large delays.
In our sample, only a very small number of parents (5.3 percent of mothers, and 4.5 percent of fathers) have
completed secondary school, preventing us from carryitg similar calculation. Nevertheless, it is telling that
the results of the Denver reported in Oberhelman €1298) for a Nicaraguan population that has much higher
education levels show much smaller delays.

47



