= =-Au‘£}u_ul 1 -1+ Py =A

: : Penn Institute for E icR h
= TI[H(B] [1-9xBIL = Dot o
c=a(l,wu)y r= o ey e
U (0)=F [3(1+rlt+1 ) U (v) Philaclel phia, PA 19104-6297
' ; 'YL B Y—A( 'Dler@econ.upenn.edu _
it 1 http://www.econ.upenn.edu/pier

L = TT{0(xB] Ti-xBIL =

2N YO A "

U (9=E [B(1+r(t+1)) U (¢)

PIER Working Paper 02-006

“Program Evaluation with Unobserved Heterogeneity and Selective
Implementation: The Mexican Progresa Impact on Child Nutrition”

by

Jere R. Behrman and John Hoddinott

http://ssrn.com/abstract i1d=306121



mailto:pier@econ.upenn.edu
http://www.econ.upenn.edu/pier
http://ssrn.com/abstract id=306121

PROGRAM EVALUATION WITH UNOBSERVED HETEROGENEITY AND
SELECTIVE IMPLEMENTATION: THE MEXICAN PROGRESA IMPACT ON
CHILD NUTRITION

Jere R. Behrman, Univerdty of Pennsylvania
and

John Hoddinott, Dalhousie University

1November 2001

ABSTRACT

The assessment of the impact of socid programs is the subject of lively, sometimes heated debate over
whether program evauation is best conducted either by comparing mean outcomes from a randomized
intervention or by using econometric techniques with nonrandom samples. This paper contributes to this
debate through an examination of PROGRESA, aMexican anti- poverty and human resource program, on
child nutritiond status. PROGRESA wasrandomly assigned at thelocality level. However, ashortageinthe
avalability of one component— a nutritionad supplement provided to preschool children —ed locd

adminigrators to exercise discretion in its ddivery, sysematicaly favoring those children with poorer

nutritiona status. While comparisons of mean outcomes suggest that PROGRESA had no or a negative
effect on nutritiond status, estimatesthat control for this heterogeneity using child specific fixed effectsfind
that PROGRESA had sgnificant and substantial positive impacts in increasng sature. The long-term
consequences of these improvements are non-trivid; its impact working through adult height done may
result in a2.9% increase in lifetime earnings.
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1. INTRODUCTION

A mgor concern of policy makers is determining whether interventions such as socia programs work as
intended. Such knowledge is invauable because only limited resources are available to advance socid and
policy gods, particularly in many deve oping countries. However, program eva uation that does not incorporate
unobserved heterogeneity at variouslevelsmay lead to misunderstanding of program effectiveness (Rosenzwelg
and Wolpin, 1986). If program resources are alocated to favor those with poorer (better) unobserved
characteristics and these characteristics are not controlled, program impact is likely to be under (over)
edimated because program resources proxy in part in the estimation for the correlated unobserved
characterigtics. Severd previous studies have reported estimates consistent with such effects being large in
various contexts, both because of individua and community unobserved heterogeneities.

Given this important concern, the methods for making such assessments are the subject of a lively
debate. Grossman (1994, p. 177) writes, “ The general consensusisthat random assignment is the evauation
technique that produces the most defensible results” Newman, Rawlings and Gertler (1994) and Burtless
(1995) provide further supporting argumentsfor “the case for randomized field trials on economic and policy
research”. In contrast, Heckman and Smith (1995, p. 108) remark, “While the existing regime of sdf-
contained black-box experimental eval uations designed to produce only meant difference estimatesof program
impact supports a healthy contract research industry, it contributes next to nothing to the cumulative body of
socid scienceknowledge.” For thisand other reasons, Heckman and Smith (1995) forcefully arguein favor of
continued econometric evauation of interventions. A danger in this sometimes heated debate isto see program
evaduation in ether-or terms; that is, evauation is conducted either by comparing mean outcomes from a
purported randomized intervention or by using econometric echniques to control for bias introduced by
program design and behaviorswith nonrandom data, without cong dering sufficiently what actudly occursinthe
specific program implementation being evauated.

This paper provides a sdutary example of some of the issues related to this debate. It considersthe
case of PROGRESA, a Mexican anti-poverty and human resource program with the am of improving the
educationa, hedth and nutritiona status of poor families PROGRESA was designed to be randomly assigned
tolocdities, arandomization design that was confirmed in subsequent anadlysisand utilized inthe evduation of a

! SeePitt, Rosenzweig and Gibbons (1993) and Gertler and M olyneaux (1994).



number of components of the PROGRESA program. 2 However, a shortage in the availability of one
component of thisintervention—anutritional supplement provided to preschool children— appearsto haveled
loca adminidrators to exercise discretion in the ddivery of this intervention, sysematicdly favoring those
children with poorer nutritional status. Consequently, when comparing outcomes expressed in terms of
differences in means between treatment and control groups, the estimates indicate that PROGRESA had no
effect on preschool child nutritiona status. However, when we use child specific fixed effects regressonsto
control for these sdlection effects, we find that PROGRESA had sgnificant and substantid positiveimpactsin
increasing growth in stature by about asixth and in reducing the probability of achild being stunted for children
in the age range of 12 to 36 months, with somewhat larger effectsfor childrenin poorer communitiesbut aso
those who have more educated mothers®

Whilethe methods used to evauate this component of PROGRESA provideavauable cautionary tae
for program eva uation based on random assgnment of communitiesto trestment and control groupswithout
concern about possible sdection within communities, our substantive results are of considerable interest in
themsdlves because of the critical importance of early childhood nutrition on outcomes over the life cycleand
thewidespread preva ence of ma nourishment among childrenin deve oping countries. Hundreds of millions of
children are estimated to be manourished, particularly in developing countries (United Nations ACC/SCN,
2000). Further, the nutrition of preschool childreniswiddy percelved to have substantia persstent impact on
their subsequent physical and mental development and on their hedlth status as adults. These, in turn, shape
ther lifetime options through affecting their schooling success and their post-schooling productivity.
Improvementsin the nutritiona statusof currently manourished infantsand smdll children, thus, potentialy may
have important payoffs over decades. We show that the long-term consequences of theseimprovementsare

non-trivia . Using adult anthropometric-earningsrelationsfrom dsawherein Lain America, weesimatethat the

2 These are summarized in Skoufias (2001).

¥ Malnutrition can take many forms. Longer-run macro or protein-energy malnutrition (PEM) is manifested in being short
for one’ s age and sex relative to standards established for healthy populations. Shorter-run PEM often is measured by
low weight-for-height, low weight for one’ s age and sex, or alow Body-M ass-Index. Micro nutrient deficiencies can be
identified by various observational and clinical measures, depending on the exact nature of the deficiency. In Mexico, as
in much of Central America(Johnston, et a., 1987, Martorell, 1995, 1999 and, Martorell, et a., 1989, 1994) the dominant
form of PEM is stunting, and so in this paper, we focus on the impact of PROGRESA on stunting. We have undertaken
parallel explorationsin the determinants of wasting and anemia. These do not indicate that PROGRESA has had
significant impact. But nutritional statusis much better with regard to these indicators in the population of interest, so
the lack of asignificant impact of PROGRESA on them is not amatter of concern.



effectsof childhood nutritiond supplementsfound herewaorking through adult height done may resultina2.9%

increesein lifetime earnings.

2. PROGRESA AND PRESCHOOL CHILD NUTRITION

a) Overview
In 1997, the Federal Government of Mexico introduced the Programa de Educacion, Sdud y Alimentacion
(the Education, Hedlth, and Nutrition Program), known by its Spanish acronym, PROGRESA, as part of an
effort to breek the intergenerationd tranamisson of poverty. The program has a multiplicity of objectives,
primarily amed at improving the educationd, health and nutritiona status of poor families, and particularly of
children and their mothers, in poor rural communities. PROGRESA provides cash transfers some of which are
conditiond on children’ senrollment and regular school attendance and on family dlinic attendance and in-kind
health benefits and nutritiona supplements for children up to age five and pregnant and lactating women.

Theidentification of households digible to receive PROGRESA benefits had two stages. In Stage 1, a
“margindity index” with five categories was developed for dl rurd communities (except those in Chigpas
because of civil unrest there) using principa componentsfor human resources, accessto basi ¢ services, housing
quality, and occupationd gructure. Those with high or very high degree of margindity were consdered
priorities for induson in PROGRESA. The 3,369 locditiesfrom nine saesinitidly sdected dso stisfied the
following criteria: (i) accessto primary and secondary schoolsand clinics because PROGRESA benefitswere
tied in part to use of these services, (ii) population between 50 and 2,500; and (iii) and not being “extremdy
isolated”. In Stage 2, household survey datawere used to congtruct an index of household welfarethat in turn
was used to determine digibility. Individua households could petition that they had been ingppropriately
dassfied.

The expanson of PROGRESA acrosslocdities and over time was determined by a planned Strategy
that involved the annua budget dlocations and logigtical complexities associated with the operation of the
program in very smdl and remote rurd communities. In phase one that began in August 1997, 140,544
households in 3,369 localities were incorporated. By phase deven, the find phase of the origina programin




early 2000, the program included nearly 2.6 million families in 72,345 locdities in dl 31 states. * This
condtitutes around 40% of dl rurd families and one ninth of al familiesin Mexico. Thetota annud budget of
the programin 1999 was around $777 million, equivaent to just under 20% of the Federd poverty dleviation
budget or 0.2% of GDP.

b) PROGRESA and preschool child nutrition
There are & least four pathways by which participation in PROGRESA might affect child nutrition:
(1) Nutrition supplement or “papilla”’: Thenutritiona component of PROGRESA indudesthe provison of food

supplementsto pregnant and lactating women and to children between the ages of four months and two years
and to children between two and five yearsif any sgnsof manutrition are detected. It isimportant to note that
these supplementsaso may be givento non- PROGRESA householdsif any sgnsof manutrition are detected,
which hasthe potentia to bias downward the estimated impact of PROGRESA because somecontrol children
may be receiving this part of the treetment. These supplements are distributed to hedlth centers through

DICONSA, an operationd arm of the Ministry of Socia Development. The supplements have a shelf life of

about oneyear. Mothersvigt the clinic at least once amonth to pick up six packets of supplements per child
per month with each pack containing five doses, enough for one dose per day. The supplements condtitute
20% of caorie requirements and 100% of al necessary micronutrients and have presentationd and flavor

characteridicsthat resulted in high levels of acceptability and intake (Rosado 1999 and Rosado, et al. 2000).
(2) Cashtransfers: Some monetary transfersin the PROGESA program are motivated, asnoted, by thedesire
toimprove peoples nutrition, particularly young children’ sand mothers' nutrition. There has been consdarable
controversy in the literature over the extent to which increased income trandates into increased nutrient

consumption.® Estimates for thePROGRESA sampleindicatethat a10% increaseinincometrandatesintoa3
to4.5% increasein caloric availahility, with some of therest of theincrementa income used to purchase better
food, perhgpsincluding food that isricher in micro nutrients (Hoddinott, Skoufias and Washburn 2000). While
thereisnot direct evidence on theintrahousehold distribution of nutrientsin thePROGRESA population, Sudies

* For more details see Skoufias (2001, Section 4) and Coady (2000, Table 1).
® See Alderman (1986, 1993), Behrman and Deolalikar (1987, 1988), Behrman, Foster and Rosenzweig (1997), Bouis (1994),
Bouis and Haddad (1992), Strauss and Thomas (1995, 1998) and Subramanian and Deaton (1996).



on other poor populations have concluded that larger shares of resources that go to mothers are directed
toward child hedlth and nutrition than of resources directed to fathers and in part for this reason PROGRESA
directs resources to mothers.®

(3) Growth monitoring: A prerequisite for recelving nutrition supplements is ongoing growth monitoring of
preschool children. Conventiona wisdom holdsthet thereisahigh payoff to such growth monitoring becauseit

increases substantialy the probability that parents or other caregivers become aware of nutritional problems

before longer-run damage occurs.

(4) Paticipation in the platicas: PROGRESA participants are required to attend regularly meetingsat which,
inter alia, health and nutrition issues and practices are discussed. These sessonsare conducted by physicians
and nurses trained in these specific topics (Rivera, et d 2000). If these meetings improve knowledge and
practices related to child nutrition and hedth, they may increase child growth.

3. CONCEPTUAL FRAMEWORK

We conceptudize parenta decisionsto devote resourcesto improving child health as being motivated both by
immediate concern about the welfare of the children and by longer-run concerns about investing in the human
capitd of their children, asin Becker (1967), conditional on a number of factors including related program
placement and intendity. These parenta concernsarise out of somemixture of atruism about their children and
the possibility of sharing in some of the returns from human capital investments in their children when those
children become adults. Parents may not have identical preferences regarding the use of family resources, but
engagein (perhapsimplicit) bargaining about such dlocations, in which the strength of the bargaining position of
each individual may depend on her/his access to resources including those provided by socia networks and
policies. Decisonsthat parents make, whether through bargaining or some other mechanism, about devoting
resources to the children’s nutrition and hedth are made under congtraints impaosed by resources that the
parents have and expect to have in the future, pricesin marketsthat they face and expect to face in the future,
and community resourcesincluding governmenta programsto which they have and expect to have accessinthe
future. Expectationsabout the future areimportant because, for example, thereturnto invesmentsin the hedlth

® See Alderman, et al. (1995), Behrman (1997), Haddad and Hoddinott (1994), Haddad, et al. (1997), Hoddinott and
Haddad (1995), Strauss and Thomas (1995) and Thomas (1990, 1993, 1994).



and nutrition of smdl children may not be realized for many years and the extent of those returns will depend
upon what will be the future value in labor markets and other markets of increased productivity.

These concerns can be formdized by assuming maximization of intertemporaly separable preference
functions subject to intrahousehold decision rules, resource, market and community and policy congraints
(including the alocation of resources across communities such as that described for PROGRESA). This
process|eadsto reduced-form dynamic decision rulesor demand relationstheat give some behaviora outcome
in the current period as dependent on al predetermined prices and resources and on the parameters in the
underlying production functions and preferences.  These demand functions can be written with avector of
behaviora outcomes (Z) dependent on a vector of prices (P) and resources (R). If there are uncertainties
regarding relevant future prices, policies and shocks, then the characteristics known &t thetime of the decison
of interest regarding the distributions of those outcomes should beincluded instead of their redlized vaues. A
linear approximation to the demand function for afamily facing prices PF and with resources RF and avector
of stochadtic terms (V) is:

(1A) Z = bpePF + breRF + V,

where the b's are the parameters to be estimated and indicate the impact of the variables for which they are
coefficients on the demandsfor Z;. The stochadtic term in each rdationincludesal the effects of the stochastic
termsin dl of the production activities in which the family is engaged, plus other chance events that affect
household decisons. One of the behaviora outcomes determined in this processis children’ sheight. Relevant
resources include characteristics of each individud inthe household (e.g., innate robustness of the child under
congderation), the household (e.g., overal resources of the household and household sze), the community
(e.g., nature of governmenta programs), and past shocks (e.g., achild having had contagious diseases).

Both prices and resources may be observed or unobserved in the data, so it is useful to indicate that
distinction by using superscripts® and ' respectively. Thereis one such demand relation (or oneelement inthe
vector Z) for every behaviora outcome of the family, including al human resource investments and dl
behaviora inputsthat affect human resource investments through production relations. Each of these demand
relations conceptudly includes the sameidentical right-side predetermined variables, reflecting that there may
be important cross-effects.



For the particular human resource of interest in this paper, the hedth/height of theith child (H;j;) inthe

t™ period, this relaion can be written as:

(1B) Hi = bproPF° + bpeyPF” + brroRF° + breyRF + cPROG + V,,

where PROG refersto PROGRESA and the subscript t on theright-side variablesrefersto the vectors of padt,
current, and expected future val ues of the respective variables as of timet. The basic estimation problemisthat
therearelikely to be many unobserved variablesthat affect child height within thisframework and that may be
correlated with whether a particular child in a particular household in a particular community participatesin
PROGRESA. A few examples include that households that have the option of accessing child nutrition
supplements through PROGRESA may be more likdly to do so if the child is innatdy less hedthy or if the
parents have grester concern about their children’ swelfare and future prospects or if the parents perceive that
thefuture returns to human capita investments are higher or if there are not good market dternatives or socid
services through which human capitd investments in children could be financed or if the locd environment is
relatively unhedthy. Likewise, PROGRESA may be more likely to be present in communitiesin which there
are less good conditions for child development that are not observed in our data, given the anti-poverty
emphagsin the program. If there is no control for such factors, the estimated ¢ will be biased.

Note, however, that if PROGRESA were randomly assigned to children, this corrdation would
disappear. Alternatively, provided there are at | east two observations on child hedthvheight, and provided that
access to PROGRESA varied over time, child-level fixed effects estimation controlsfor thefirst-order effectsof
al time invariant unobserved child, parental and household, market and community/policy characteridtics,
including those corrdated with access to PROGRESA. Under the assumption that al the unobserved factors
arefixed and that t-1 is a pre-program period, thisleads to:

(1C) Hit - Hir-1 = bpro(PFRC - PF.1°) + breo(RFC - RF1°) + CPROG; + Vi - Vi1

In this child fixed effects regression, the dependent variable becomes child growth between measurements or
survey rounds.  The firg two right-side variables (vectors) are the changes in the transitory components of
pricesand of resources. Theseare changesin thetransitory components because the permanent or longer-run
componentsarethosethat arefixed over time, so they aredifferenced out in (1C). The coefficient of PROG is
the estimated impact of PROGRESA on child growth where accessto this program isiinitiated after t-1 and

varies across children. V; - V4 isthe difference in stochastic shocks, and does not cause any biases. Under



the assumptions to obtain (1C), the estimates obtained of the impact of PROGRESA are unbiased.
Additiondly, the logic of the modd underlying (1C) includes the possibility thet the PROGRESA impact on
child growth may differ depending on the nature of the child (e.g., be bigger for innatdy more sckly children),
the circumstances of the household (e.g., be bigger for familieswith more education that enablesthem to exploit
more quickly and more effectively the new options available because of PROGRESA). Therefore we aso
explore the possihility that in (1C) the parameter ¢ depends on individud child, parental and household and

community characteristics.

4. DATA

From its inception, PROGRESA included a serious data collection, monitoring and evauation component.
Taking advantage of the sequentid expangon of the program, in the third phase of PROGRESA, locditiesin
seven south- centrd states (Guerrero, Hidalgo, Michoacan, Puebla, Queretaro, San L uis Potos and Veracruz)
were randomly assigned ether to receive benefits starting in mid 1998 (“trestment localities’) or to receive
identica benefitsayear or so later (“control locdlities’). A seriesof household surveys, called “ENCEL”, were
implemented to assess theimpact of PROGRESA on education attainments, consumption, timealocation and
gender relations aswell asto provide operational feedback to PROGRESA dtaff. Based ontheinitia roundsof
data collected, Behrman and Todd (1999) conclude that assgnment was random at the community level, but
that at the household level there are somewhat more rejections of random assignment than would be expected
by chance. However, they aso notethat the magnitude of the differencesin household proportionsand means
between treatment and control groups that are Satigticaly significant tend to be very small.

The ENCEL surveys did not include basic nutritional data. These were collected separately by
Mexico'sIngtituto Naciona de Salud Publica (INSP) in two rounds, August- September 1998 and October-
December 1999, in Six of these seven states.” Survey design, sampling, sample sze cdculaions and other
aspects of the collection of these dataare summarized in INSP (1998). The INSP survey wasdesigned tobea
longituding rotating child-based sample that partiadly overlapped the ENCEL surveys. Only 1639 children

measured in 1998 were re-measured in 1999 and only 663 children were measured in both years and can be

" Michoacan was excluded from the INSP survey.



linked to a household included in the ENCEL surveys, fairly evenly split between those listed in trestment
versus control households.

All children in the sample, both in the trestment and in the control sub-samples, tend to live in poor
households located in poor locdlities. Their parents are characterized by having generdly low schooling,
undertaking primarily agricultura work, living mostly (70%) in forma marriages, and by speaking (in 30% of
the children considered here) indigenous languages. Households average over seven memberswhotendtolive
infarly crowded housesthe mgority of which havedirt floorsand no accessto piped water. Thecommunities
in which they live have varied socid services, infrastructure and transportation links with amaogt al having
primary schools but the mgority not having access to drainage or hedlth clinics.

Table 1 lists the number of children observed in treetment and control households by age group and
indicates what proportion of children listed to receive treatment actually received these supplements at least
once. Note that for the age group 0-24 months—theinitid intended beneficiaries of PROGRESA, only 61-64
per cent of eigible children actudly received the supplement. By contrast, roughly haf of children in the age
categories 24- 36 and 36-48 months recel ved the supplement. Amongst children in these trestment households,
there was no sgnificant difference in access to the other three components of PROGRESA. Comparing
treastment househol ds that received the supplement, with those trestment households who did not receive this
supplement, we find that there was an equa, and high, probability (0.96) that mothers took their children for
growth monitoring as scheduled, equd attendance a the monthly platicas, and roughly equa monetary
transfers.

One reason for this pattern of lowered coverage relative to what was planned related to problemsin
distributing these supplements. Adato et d. (2000) report that loca health ingtitutions and PROGRESA fidd
daff raised concernsregarding their physica availability. For thisreason, it isimportant to consider whether the
adlocation of these supplements was indeed random. With this in mind, Table 2a compares mean vaues of
haght-for-age Z scores (which give the number of dandard deviaions from the means of the
NCHS/CDC/WHO reference group) prior to theintervention between children who were listed for treatment
and those children who were listed and actualy received these supplements. These tell aclear sory, namely

that children older than 12 monthswho received the supplement had considerably poorer nutritiond statusthan
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those children who did not receive the supplement.? To confirm that thiswas the case, we estimated aprobit in
whichweregressed child height-for-age Z scores measured prior to theintroduction of the program on whether
the child recaived this supplement (as well as other child, maternd, paterna, household and community
characterigtics). Table 2b showsthat conditional on the characteristics noted in the parentheses, children aged
12-36 months were sgnificantly less likely to receive these nutritiona supplements.

Theresultsof Tables 2aand 2b are consstent with a scenario in which local program administrators,
facing shortages of supplements, randomly reduced availability to very young children and re-directed these
supplementsto dightly older preschoolers who were observed to have poor nutritiond status as measured by
height given age. It is dso congstent with what mothers reported in the ENCEL surveys. When asked why a
child aged 24 years was receiving these supplements, 59.7% replied that it was because the child was
malnourished and 29.9% replied that it was because the doctor had determined that the child should receiveit.
Additiondly, we note that 5% of the children age 12-36 monthsin digible householdsin the control locdlities
aso reported having received supplements.

Being cognizant of this selective coverage is, thus, important for correctly assessng the impact of
PROGRESA on child nutritional status. Based on program documentation, together with theinitid assessment
of randomization at the community and household level, areasonable prior expectation would be that asmple
comparison between control and trestment households should be sufficient to uncover the total impact of
PROGRESA. However, because of the shortages of supplements — together with alocations to older
preschoolers with low initid height given age and to a few children in control locdities, such a ample
comparison will tend to understate the tota impact of PROGRESA. It aso underscores the importance of
digtinguishing between children whowere*ligted” for treetment (preschool childrenin“trestment” locditieswho
received growth monitoring and whose mothers attended pl ati cas and recel ved monetary transfersbut who did
receive supplements) and those children who received these supplements in addition to growth monitoring,

attendance by their mothers at platicas and receipt of monetary trandfers.

S.ESTIMATESOF PROGRESA IMPACT

® We also considered awide range of additional child, maternal and household characteristics. There were no significant
differences between groups when we compared val ues of weight-for-height, child age and sex, maternal age, education
and height, paternal education, household land holdings and housing characteristics.
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a) Estimated Impact on Child Height
Webegin with estimates of relation (1B), exploring whether children’ sheightsin October-December 1999—-a
full year after the PROGRESA had ostensibly commenced providing supplements- were affected by whether
some children had accessto benefits provided by PROGRESA. Wefocuson information onwhether children
have received supplements, but dso consder whether they are in treatment households, returning to the
importance of distinguishing between being “listed” and “receiving” trestment below.

Table 3 presents three OL S cross-sectiond estimates for 1999 for children 12-36 months of agein
August 1998. We focus on this age group, rather than the 0-24 month age range for three reasons. First, as
described in Section 4 above, it would appear that resources were shifted to this dightly older age group by
locd program adminigtrators. Second, the supplements would have no direct effect on children who are
exdusvdy breastfeeding, as are many children who are less than one year old. Third, studies in the
epidemiologicd and nutrition literatures emphasize that children in the 12-36 month age range are especialy
vulnerableto malnutrition (Martorell, 1997, 1999). These children tend to have been weaned (or, if not, tend to
have breastfeeding supplemented by other food) and have high nutritiona requirements, but the diets commonly
availableto young children in devel oping countries after weaning have poor energy and nutrient concentrations.
Y oung children are d 0 very susceptible to infections because their immature immune systemsfail to protect
them adequately. In poor countries, foods and liquids are often contaminated and are thus key sources of
frequent infections. As a result of frequent infections and poor diets, young children easly succumb to
malnutrition.

Thefirg column of Table 3indudes only whether the children in trestment households actually received
trestment in theform of nutritiona supplements. The second addsthelogarithm of child age. Thethird includes
a wide variety of child, maternd, household, community, and Sate characteridics. Across dl three
specifications, the estimated PROGRESA treatment effects are negetive, though sgnificantly nonzero a the5%
level only in the firgt esimate and at the 10% leve in the second. If indeed children had been randomly
assigned to trestment rather than to the control group, these estimates taken literaly suggest that PROGRESA
had a negative effect on child nutritiona status.

The pattern across the estimates indicates, however, that when there are additiona controls the

estimates become smdler in asolute magnitude though gill are negetive. The rdaively large and significant
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negative coefficient estimate in the first column, thus, may reflect that trestment is postively correlated with
characterigtics that are associated with less child growth, so the coefficient estimate for trestment is biased
downward in the firgt relative to the third column.

Table4 givesthree dternative specifications, controlling in turn for community, household and individud
child fixed effects, the last being akin to relaion (1C). By doing so, the estimates are purged of biases arisng
from our finding that children were not assgned randomly to trestment versus control groups in terms of
observed characteridtics, importantly including their initid health and nutrition Status as well as possibly other
characterigicsthat are not directly observed in thedata. Theseesimatesasoindude controlsfor fluctuationsin
household consumption expenditure per household member and food prices. It should be remembered that the
coefficients estimates of these variables capture the impact of possible transtory changesin these variables—
which are not necessarily equivaent to the impact of changes in the vadue of ther *permanent’ or long-run
levels.

The community fixed effects are datigticdly sgnificant, but controlling for community leve fixed
characterigticsleadstolittle changein the estimates of noimpact. However, adding controlsfor household fixed
characterigtics not only indicates that such fixed effects are significant, but reverses the sgn on our
representation of PROGRESA trestment. Mot grikingly, child fixed effectsregressonsindicatethat receiving
trestment has asignificant postive estimated impact on child growth - in sharp contrast to theestimatesin Table
3.° Conditiond ontheindividua unobserved child fixed effectsthat prevail inthe estimatesin Table4 being the
true estimates, the OLS cross-sectiond estimates in Table 3 are biased downwards to the point of being
negative rather than pogtive by negative corre ations between receving trestment and unobserved determinants
of child growth.

Theedimatesinthelast column of Table4 indicate that those children receiving trestment experienced
growth per year of about one cm greater than those who did not. Thisisabout asixth of the mean growth per
year and about athird of the standard deviation in that growth per year that would have been experienced by

° It has been suggested to us that children who initially had poorer nutritional status might grow faster than
initialy better-nourished children. Such children are more likely to have received these supplements and so this
catch-up growth becomes conflated with our representation of PROGRESA treatment. But note that “growth
potential” is a child unobservable that, over the time period considered here, is swept out in our child fixed
effects estimates.
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thosein this samplein the absence of PROGRESA.™ In results not reported here— but available on request—
wefind that the estimated effects are about the same (a) whether there are controlsfor trangtory fluctuationsin
thelog of consumption expenditure per household member and in prices that as a group do not have effects
that are Sgnificantly nonzero and (b) whether the treatment varigbleisfor dl children who received supplemants
including the 5% of the control sample who received them rather than just for those in trestment households.

b) PROGRESA' s impact on different age groups

As noted above, there are a priori reasons based on the age of weaning and on the nature of the
implementation of PROGRESA to focus on children 12-36 months. But it is of interest to know what happens
for other age ranges. Table 5 summarizes some important aspects of dternative estimates for which the
specificationisidenticd to theright-hand column of Table4 but the sampleislimited to different age rangesfor
the children.

Thefirgt column replicates the results found in Table 4 for reference. The next three columns provide
edimates of theimpact of PROGRESA for the age group that wasorigindly targeted. Particularly strikingisthe
result for the 0-24 month age group — the parameter estimate for PROGRESA ishdf that of the 12-36 month
age group and is not datigticaly significant. The impact on the 24-36 month age group is the largest in
meagnitude, and there is no impact on children initidly aged more than 36 months. The last three columns give
estimates for the 12-36 month age range with one or the other limit of this age range changed by six or 12
months. These estimates suggest somewhat smaler estimated impacts of PROGRESA, with point estimates
from 0.62 to 0.84 as compared with 1.02 for the 12-36 month range.

c) Alternative representations of PROGRESA
A second question concerns the representation of the PROGRESA treatment \ariable. Table 6
distinguishes between four aternative representations:

10 This calculation is based on subtracting an average of 1 cm from the annual growth for every child in the
sample who received treatment and then cal culating the summary statistics for annual growth for the sample:
mean of 7.9 cm, median of 7.4 cm, standard deviation of 3.1 cm, and range from 0.3 to 21.3 cm.
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“received trestment”, defined by being digible for treetment and being in a treetment community and
whether the household respondent indi cated that the child had received supplementsat lesst once. Thisis
the representation used in the tables above.

- “liged tretment”, defined as residing in a household digible for PROGRESA and being located in a
trestment community.

- “recaived treatment adjusted for intendity (1)”, defined by the product of being digible for trestment,
being in a treatment community, and the number of months the child is reported in the 1999 survey as
having received trestment (normaized to range from 0 to 1.0).

- “recaived trestment adjusted for intensity (2)”, defined by the product of being eigible for trestment,
being in atrestment community, and the number of months the child is reported in the 1999 survey as
having received trestment up to amaximum of 12 months (some children are reported to have received
the supplement for more than 12 months) again normaized to range from 0 to 1.0.

Thethree*received trestment” measuresarefairly highly corrdated (withr a least equa t0 0.9), but are much
moreweskly correlated with the“listed trestment” messurer between 0.53 and 0.58. Table 6 givesestimates,
using a pecificaion identicd to the right-hand column of Table 4 for the age range 12- 36 months, but with
thesefour aternative representations of PROGRESA trestment. Recdll that the difference between being“liged
for treetment” and “receiving treetment” liesin differences in access to the supplement — access to the other
components of PROGRESA was basicdly identical. The “listed treatment” representation is much more
imprecisely estimated than the “recelved treatment” representations and is less that haf the magnitude of the
“recelved treatment” representation. Because “ listed treatment” isanoisy representation of actualy receiving
full treatment, its use leads to a bias towards zero of the true effect. Put another way, the distinction between
being “listed for trestment” and “actudly receiving treetment” is critica in assessng PROGRESA' simpact.
These results dso imply that the dominant part of the PROGRESA trestment related to child nutrition isthe
provison of the supplements, with the other three components that are discussed in Section 2 much less
important.

d) Interactions between PROGRESA treatment in the form of supplements and observed

characteristics
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The estimatesthat are discussed to this point assumethat theimpact of PROGRESA isthesameonadl children
who werein the 12-36 agerangein August 1998. However, our conceptual framework suggeststhat impact
may vary depending on characterigtics of the child, hisher family and the community in which ghe lives
Accordingly, we present estimatesthat alow theimpacts of receiving thePROGRESA treatment intheform of
supplements to vary by child, parental and household, community and state characteristics by including
interactions between such characteristicsand having recelved trestment, in addition to the direct effect of having
received treatment itsalf.

Our firg gep isto include interaction terms, one varigble a atime, for the child, parenta and locdlity
characteristicsthat were used in Table 3. The subset of these estimatesin which theinteraction hasacoefficient
edtimate that is sgnificantly nonzero at least at the 10% leve isincluded in Pand A of Table 7. We then
explore what subset of these interactions remains Sgnificantly nonzero when they areincluded in combination,
asissummarized in Panel B of Table 7. These latter estimates are more interesting because they are more
robust to the inclusion of other controls.

Three characteridics affect the magnitude of the PROGRESA trestment differentialy. The positive
estimates for two of the household characteristics - spesking an indigenous language and whether the
community hasaDIF food program — are associated with poverty. ** Mean household per capitaexpenditure
and per capita caoric consumption both are lower in communities with a DIF food program than in those
without such a program.™ By contrast, children whose mothers with at lesst five years of schooling —
corresponding to the attainment of functiond literacy — achieve greater gainsin height. It isplausible that such
mothers are better able to process the necessary information to benefit more from PROGRESA. Specificdly,
athough use of these supplementsis explained a hedth dinics and at platicas, it may be the case that more

1 These are only suggestive because there is no significant association with many indicators of household
income and wealth such as household consumption expenditure per household member, housing characteristics,
etc. (and similarly with regard to many community indicators).

2 DIF is amunicipality level social program that operates in poor areas. Households cannot receive benefits
from both DIF and PROGRESA. In this sample, the means for children’s households from communities with
versus without DIF food programs are 158 versus 173 pesos for consumption expenditure per household
member (significantly different at the 15% level) and 1789 versus 2057 calories per household member
(significantly different at the 5% level).
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literate mothers can rely on the ingructions printed on the supplement packet and so are more likely to

adminigter the supplement correctly.

€) Estimated Impact on the Probability of Sunting
A further question of interest is whether children who had the poorest nutritiond status- those who aremore
than two standard deviations below international norms and are thus considered stunted — benefited from
PROGRESA. Among the children age 12- 36 monthsin August 1998 who were from households digible for
PROGRESA, 44% werestunted. A year later 41% were stunted, including 76% of thosewho were stuntedin
1998.

Such data suggests that PROGRESA may have had some smdl impact on reducing stunting, but it is
desirable to go further than such a summary by investigating the probability of being sunted parald to the
investigation above of the determination of child growth. The available data limits the extent to which such an
exploration is possible, however. In particular, for the fixed effects logit the only observations that affect the
edimates are those in which children change from being stunted to nonstunted or from nonstunted to stunted
between the two rounds. The numberswho did so are very smal. Among the children age 12- 36 monthsin
August 1998 who were from households digible for PROGRESA, 24% of those stunted in 1998 were not
stunted in 1999 and 14% who were nonstunted in 1998 were stunted in 1999.

Tables 8 and 9 are pardld to Tables 3 and 4, but present fixed effects logits for sunting instead of
esimates for child height. The pardld holds not only for the organization of the tables, but dso for the
implications of theestimates. The cross-sectiond logit estimatesfor 1999 in Table 8 provide no support for the
proposition that PROGRESA supplements reduced child stunting - in fact dl the coefficient estimates of the
received trestment variable are thewrong sgn (though not sgnificantly different from zero). If we only control
for community fixed effects, we reverse this Sgn, so that PROGRESA supplements reduce the likelihood of
stunting, though theimpact ispoorly measured. If, however, we control for household or child fixed effects, we
obtain amuch larger estimated impact and one that is much more precisely measured. The magnitude of this
effect in the child fixed effects resultsis large— evauating al coefficients a their means, receiving supplements
produces a predicted probability of stunting that is only one-third that of comparable children who do not
receive the supplements. These explorations suggest that (a) the cross- sectiond resultsare mideading because
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there are important unobserved fixed effects and (b) once thereis control for child fixed effectsPROGRESA
trestment appears to have had a sgnificant effect on reducing child sunting as well as on increasing average
child growth.

6. LONGER-RUN IMPACT
To this point we have focused on estimating the impact of PROGRESA nutritional supplements on child
growth. But thisimpact is of interest in part, as noted in the introduction, because it may relate to longer-run
health and nutrition status and productivity. There are at least four channels through which any component of
the PROGRESA program that affects child hed th/height can affect lifetime earnings. (1) by increasing cognitive
skillsas an adult (conditiona on grades of schooling completed) that directly affect earnings, (2) by increasing
physicd dature as an adult that directly affects earnings, (3) by increasing the gradesof completed schooling
that directly affect earnings and the age of school completion and (4) by changing the age of school completion
without changing the grades of schooling completed.®

Thereis piecemed empirica evidence of sgnificant effectsthrough al four of these channdlsfor other
developing countries. Alderman et al. (1996), Boissiere, Knight and Sabot (1985), Glewwe (1996), and Lavy,
Spratt and Leboucher (1997) find positive impacts of adult cognitive achievement on wages. Behrman and
Deoldikar (1989), Deolaikar (1988), Haddad and Bouis (1991), Strauss (1986), and Thomas and Strauss
(1997) find positiveimpacts of adult height on wagesand/or productivity. Grantham-McGregor, et al. (1997,
1999), Martordl (1995), Martorell, Riveraand Kaplowitz (1989), Haas, et al. (1996), Martorell (1999) and
Martordl, Khan and Schroeder (1994) and report the positiveimpact of early childhood nutrition and cognitive
development on adult nutritiona status and cognitive achievement. There are hundreds of sudieson theimpact
of grades of schooling completed on wages -- many of which are surveyed in Psacharopoulos (1994) and
Rosenzweig (1995). Jamison (1986), Moock and Ledie (1986), Alderman, Hoddinott and Kinsey (2001),
Behrman (1993), Ledie and Jamison (1990) and Pallitt (1990) report positiveimpacts of better child nutrition
on progress through schooling. Lastly, Alderman et al. (2001), Alderman, Hoddinott and Kinsey (2001),

13 Reductions in the age at which a given grade of school is completed increase the benefits because they permit
obtaining post-schooling benefits sooner and longer. Such reductions may occur because of entry into school when
younger and/or because of higher progression rates through grades while in school.
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Glewwe and Jacoby (1995) and Glewwe, Jacoby and King (2001) all find that better preschool child nutrition
is associated with starting school at an earlier age.

Aswedo not have datathat would permit direct estimation of theselinks, for illustrative smulationswe
use for channe (2) estimates from Thomas and Strauss (1997) who analyzed the relationship between adult
earnings and height and completed grades of schooling for mae workersin another Latin American country,
Brazil. They find that aone percent increase in height leadsto a 2.4 percent increasein adult maleeamingsina
regresson of log hourly wages on height and completed grades of schooling, controlling for sdectivity into
employment. Our estimatesimply that PROGRESA nuitritiond supplementsincreaserecipient children’ sheight
by about 1.2%."* Under the assumption that there is strong persistence of changes in smal children's
anthropometric development as argued in some of the nutritiond literature (e.g., Martorell 1999, Martorell et
al. 1989) so that the percentage changes for adults equa those that we estimatefor children, theimpact from
this effect done would be a 2.9% increase in lifetime earnings. Under the assumption thet there is less
persstence of changes in smal children’s anthropometric development so that the percentage changes for
adults equa haf of those that we estimate for children, the impact from this effect alone would be a 1.4%
increase in lifetime earnings.  1n addition to the effect through channd (2), there is evidence from the sudies
noted of Sgnificant pogtive effectsthrough the other channds. So these estimates, conditiond on the extent of
pers stence from childhood to adultsin anthropometric measures, probably are lower boundsonthefull effects

that would be obtained if dl four channd's were consdered.

7. SUMMARY AND CONCLUSIONS

1% The mean height for children in the primary sample used was 80.0 cm in 1998 and 88.2 cm in 1999 and the estimated
impact of PROGRESA isabout 1.0 cm.
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It iswiddy perceived in the literature on program evauation that randomization provides the mechanism by
which the most robust results of program effectiveness can be obtained. In this paper, we have considered the
impact of PROGRESA, a large Mexican anti-poverty program. A feature of PROGRESA was the random
assignment of localitiesin certain states to either receive benefits starting in 1998, or to receive these benefits
one or more years later. Assessment at the locdity and level basicaly confirmsthat such random assgnment
had taken place.

When we examine theimpact of PROGRESA based on the presumption of randomized alocationsto
treatment or control groups, we find that PROGRESA had anegative impact on child nutrition. However,when
we more closaly examine how PROGRESA actudly operated, we find severa important deviations from the
initial evauation design. Not al children designated to receive nutritiona supplementsactudly did so. Children
were more likely to receive supplementsif they had poor initia nutritiona status and some supplements were
givento dightly older preschoal children. Our preferred estimates-- child fixed effectsestimatesthat control for
unobserved heterogeneity and secular trends -- indicate asgnificantly positive and fairly substantia program
effect of the nutritiona supplements. They imply an increase of about asixth in mean growth per year for these
children, alower probability of stunting, and effects which may be somewnhat larger for children from poorer
communities but whose mothers are functiondly literate,
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In addition we find that some of the other related measurement and specification concerns about the
detalls of the evauation estimates have substantia effects on those estimates. One important example isthe
difference between theimpact for those who were supposed to receive treetment (“listed trestment”) and those
who reported receiving treatment (“received treatment”). If the former is used ingtead of the latter in our
otherwise preferred specification, the estimated impact is cut in haf and no longer satidticaly sgnificant. A
second important example pertains to pecifying the age range for the children affected, given the biologica
evidence that such effects are much greater for children under 36 months than for older children and the
behaviora datathat most children under 12 monthsin rural Mexico are breastfeed and thereby not likely to be
affected by the supplements. Again, the age range used for the estimates has a consderable impact. If only
children under 12 months or between 36 and 60 months are used, for example, the point estimates are much
smdler (negativein thelatter case) and inggnificant rather than positively significant and substantia with thel2-
36 month age range.

Theseresultsare of consderableinterest not only because of interest in theimmediate welfare of those
children, but also because their nutrition in this formative stage of lifeiswidely perceived to have subgtantia
persistent impact on their physica and menta devel opment and on their hedth gatusasadults. Their physicd
and mentd development, inturn, shapesther lifetime optionsthrough affecting their schooling successand their
post- schooling productivity. Improvementsin the nutritiond statusof currently malnourished infantsand smal
children, thus, potentialy may have important payoffs over decades. Even these consarvative estimates may
haveimportant long-run consequences. Under the assumptionsthat (1) thereisstrong persastenceof changesin
small children’ santhropometric devel opment so that the percentage changes for adults equa those (are haf of
those) that we estimate for children and (2) that adult anthropometric- earningsrelaionsfrom e sawhereinLain
Americaagpply to thelabor marketsin which these children will beworking as adults, theimpact from thiseffect
aone would be a2.9% (1.4%) increase in lifetime earnings. In addition there are likely to be other effects
through increased cognitive development, increased schooling, and lowered age of completing given levels of
schooling through starting when younger and passing successtully grades a ahigher rate. Whiletheseestimates
of necessity are farly speculative, they suggest that PROGRESA may be having fairly substantid effectson
lifetime productivities and earnings of currently young children in poor households.
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Table 1: Sample sizes by age groups and proportion of children in PROGRESA treatment
households who receive nutritional supplements

Age Group in Months in Number of childrenin Number of childrenin Proportion of childrenin
August 1998 PROGRESA control PROGRESA treatment PROGRESA treatment
households households households actually
receiving nutritional
supplements
0-12 102 108 0.64
12-24 75 76 0.61
24-36 86 83 0.52
36-48 62 69 0.57
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Table 2a: Comparing height-for-age for children in PROGRESA treatment households by age

group

Agegroup in monthsas  Mean HAZ for childrenin  Mean HAZ for children in
PROGRESA treatment
households receiving

of August 1998

0-12
12-24
24-36
12-36
36-48

PROGRESA treatment
households not receiving

supplement

-1.32
-1.46
-1.76
-1.64
-1.57

supplement

-1.24
-1.89
-2.35
-2.10
-2.01

Notes: * Significant at the 10% level; ** significant at the 5% level.

Absolute value of t
statistic on differences in
means

0.22
1.24
1.96**
2.04**
1.39

Table 2b: Probit estimates of theimpact of initial height-for-age Z score on likelihood child

receives PROGRESA treatment by age group

Age group in months as
of August 1998

0-12

12-24

24-36

12-36

36-48

Notes:

1. Dependent variable is whether child receivesPapilla nutritional supplement.

Impact of initial height-for-age
Z score on likelihood child
receives PROGRESA treatment

-0.012
(0.12)
-0.364
(1.78)*
-0.349
(2.68)**
-0.281
(2.94)**
-0.404
(1.65)*

Marginal impact of initia height-

for-age Z score on likelihood child

-0.004

-0.141

-0.135

-0.112

-0.160

receives PROGRESA treatment

2. Absolute value of z statisticsin parentheses. Standard errors are robust to sampling (cluster) effects.
3. * Significant at the 10% level; ** significant at the 5% level.
4. Additional variablesincluded in these probit regressions are child age and sex; household and parental
characteristics are maternal age and education, household head’ s age, education, and ethnicity, housing
characteristics, whether community has accessto aDIF food program and state dummies.
5. Samplerestricted to children 0-48 monthsliving in PROGRESA trestment households.
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Table3: OLS estimates of determinants of height in 1999 for children aged 12-36 monthsin

1998

Specification

Received Treatment

Ln child age

Constant

F test on all child coefficients

F test on for all household
and parental coefficients

F test on al price
coefficients

F test on all community
coefficients

F test on all state coefficients

F test on all coefficients
R squared (adjusted)

Notes:

(1)

-1.824
(2.31)**

88.65
(191.69)**

541**

0.014

(2)

-1.102
(1.84)*

18.176
(13.56)**

23.43
(4.95)**

90.10**

0.358

©)

-0.799
(1.13)

19.415
(15.36)*

13.86
(1.20)

120.39**
4.58**
121
1.09
2.62%*
5.88**

0.377

1. Dependent variableis child height in centimeters measured in October-December 1999, that is, one year after

program implementation.

2. Absolute value of t statisticsin parentheses. Standard errors are robust to sampling (cluster) effects.

3. * Significant at the 10% level; ** significant at the 5% level.

4, Sample sizeis 320.

5. In specification (3), child characteristics are age and sex; household and parental characteristics are maternal age,
education and height, household head’ s age, education, job type, ethnicity, marital status, housing characteristics
and log per capita consumption; prices are locality median prices for tomatoes, onions, potatoes, tortillas, rice, beans,
chicken, eggs, milk, sugar, cooking oil; community characteristics are whether community has accessto a DIF food

program, piped water or ahighway.
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Table 4: Fixed effects estimates of deter minants of height for children aged 12-36 monthsin
1998

Community Household Child fixed
fixed effects fixed effects effects
Received Treatment -0.112 0.739 1.016
(0.20) (1.60) (2.55)**
Ln child age 16.536 14.559 6.800
(23.32)** (12.99)** (4.37)**
Ln consumption per household -0.239 0.349 0.374
member (0.63) (0.98) (12.23)
Trend 1.560 2.349 5.448
(1.51) (2.68)** (6.08)**
F test on al price coefficients 0.60 1.08 1.28
F test on community or household 3.36** 5.70** 8.18**
or child fixed effects
R squared (overal) 0.565 0.589 0.501

Notes:

1. Dependent variableis child height in centimeters.

2. Absolute value of t statisticsin parentheses.

3. * Significant at the 10% level; ** significant at the 5% level.

4. Sample sizeis 640.

5. In community fixed effects, additional controls are child age and sex; household and parental characteristics are
maternal age, education and height, household head’ s age, education, job type, ethnicity, marital status, housing
characteristics and log per capita consumption; prices are locality median prices for tomatoes, onions, potatoes,
tortillas, rice, beans, chicken, eggs, milk, sugar, cooking oil.

6. In household fixed effects, additional controls are child age and sex, locality median prices for tomatoes, onions,
potatoes, tortillas, rice, beans, chicken, eggs, milk, sugar, and cooking ail.

7. In child fixed effects, additional controls are locality median prices for tomatoes, onions, potatoes, tortillas, rice,
beans, chicken, eggs, milk, sugar, and cooking oil.
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Table5: Child fixed effects estimates of determinants of height for alter native age ranges

Age range as of August 1998 (in months)

12-36 0-24 012 12-24 24-36 >36 6-36 12-42
Received 1.02 047 0.26 0.78 122 -035 084 069
Treatment (255)**  (1.39) (0:61) (1.29) (205  (0.66) (@BB)**  (2.07)**

F test on child 8.18** 7.80%* 5.19** 5.55%* 9.41** 9.62** 7.48** 9.33**
fixed effects

Number of 640 722 420 302 338 262 880 794
observations

Notes:

1. Dependent variableis child height in centimeters.

2. Absolute value of t statisticsin parentheses.

3. * Significant at the 10% level; ** significant at the 5% level.
4. Specification isidentical to Table 4, column (2).

12-48

0.62
(1.97)**

9.22%*

902
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Table 6: Child fixed effects estimates of deter minants of height for children aged 12-36
monthsin 1998 with alter native r epresentations of PROGRESA treatment

Alternative Representations of PROGRESA Treatment

Received Listed Treatment Received Received
Treatment treatment adjusted  treatment adjusted
for intensity (1) for intensity (2)

Treatment Coefficient 1.02 0.46 0.68 1.00
(2.55)** (1.27) (1.95)** (2.20)**
F test on child fixed 8.18** 8.07** 7.90** 7.91**
effects
Notes:

1. Dependent variableis child height in centimeters.

2. Absolute value of t statisticsin parentheses.

3. * Significant at the 10% level; ** significant at the 5% level.

4. Specification isidentical to Table 4, column (2).

5. “Received treatment adjusted for intensity are normalized so that they range from 0 to 1, thus their coefficient
estimates are not directly comparable to those for the first two representations
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Table 7: Summary of Interaction Effects Between Receiving Treatment and Child, Household,

Community and State Char acterigtics

Panel A. Adding Onelnteraction at aTime

VariableInteracted with
Received Treatment

None(sameasin Table4)

Mother has more than 5
years of schooling
Household head speaks
indigenous language
Household head primarily
agricultural worker
Household head primarily
self-employed

Years of school, household
head

Community has DIF food
program

Community has highway

Community has piped water
Hidalgo state

Queretaro state

Notes:

1. Dependent variableis child height in centimeters.
2. Absolute value of t statisticsin parentheses.

Coefficient
Estimate for
Received
Treatment
1.016
(2.55)**
0.538
(112
0.605
(1.40)
-0.077
(0.13)
1173
(2.87)**
-0494
(0.82)
0.658
(1.56)
1.426
(3.20)**
1733
(3.59)**
1.507
(3.21)**
0.765

(187)

Coefficient
Estimatefor
Interaction

1.276
@77
1.988
(2.32)**
1.761
(2.41)**
-2.374
(169)*
0466
(3.29)*
2.269
(2.40)**
-1678
(2.01)**
-1.899
(2.58)**
-1519
(1.96)**
3191
(2.44)**

3. * Significant at the 10% level; ** significant at the 5% level.
4. Specification and age group isidentical to Table 4, column (2) except that, one at atime, interactions with “received
treatment” are added for child, parental, household, community and state variableslisted in Table 4 abovein Panel A
(and agroup of such interactions are added in Panel B). Only the interactions that are statistically significant at least

at the 10% level are presented.

Panel B. Adding All Interactions That Remain
Significant in Combination

VariableInteracted with
Received Treatment

Constant (i.e., smply
received treatment)
Mother has more than 5
years of schooling
Household head speaks
indigenous language
Household head primarily
agricultural worker
Household head primarily
self-employed

Y ears of school, household
head

Community has DIF food
program

Community has highway

Community has piped water
Hidalgo state

Queretaro state

Coefficient
Edimate

-1.049
113
1.767

(2.02)**

2452

(2.94)**

1.046
(1.31)
-0.629
(0.43)
0221
(1.39)
2,876

(2.66)**

0170
0.17)
1171
(155)
1162
(1.20)
1.042
0.72)
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Table 8: Logit estimates of deter minants of stunting in 1999 for children aged 12-36 Months
in 1998

Specification (D] ()] (©))

Received Treatment 0.282 0.333 0.066
(1.05) (1.23) (0.16)

Ln child age 1.189 1.148

(2.00)** (1.49)

Constant -0.436 -4.708 7.634
(3.10)** (2.20)* (1.11)

Joint test on all child - - 10.40**

coefficients

Joint test on all household - - 38.81**

and parental coefficients

Joint test on al price - - 23.75**

coefficients

Joint test on al community - - 3.09

coefficients

Joint test on al state - - 9.45*

coefficients

Chi squared test on all 1.10 5.37 122.16**

coefficients

Pseudo R2 0.003 0.012 0.285

Notes:

1. Dependent variable equals oneif child is stunted when measured in October-December 1999, zero otherwise.

2. Absolute value of z statisticsin parentheses. Standard errors are robust to sampling (cluster) effects.

3. * Significant at the 10% level; ** significant at the 5% level.

4, Sample sizeis 320.

5. In specification (3), child characteristics are age and sex; household and parental characteristics are maternal age,
education and height, household head’ s age, education, job type, ethnicity, marital status, housing characteristics
and log per capita consumption; prices are locality median prices for tomatoes, onions, potatoes, tortillas, rice, beans,
chicken, eggs, milk, sugar, cooking oil; community characteristics are whether community has accessto a DIF food
program, piped water or a highway.



Table 9: Fixed effectslogits of determinants of stunting for children aged 12-36 monthsin
1998

Community fixed  Household fixed Child fixed effects

effects effects
Received Treatment -0.803 -3.082 -3.537
(1.66)* (2.79)** (2.57)**
Ln child age 0.035 1.516 1.931
(0.06) (0.90) (0.51)
Ln consumption per household member 0.209 -0.153 -0.023
(0.58) (0.23) (0.03)
Trend -0.069 0.779 1.598
(0.08) (0.41) (0.56)
Joint test for price coefficients 8.64 7.64 6.37
Chi squared test on all coefficients 96.73** 35.80** 33.48**

Notes:

1. Dependent variable equals oneif child is stunted.

2. Absolute value of t statisticsin parentheses.

3. * Significant at the 10% level; ** significant at the 5% level.

4. Sample sizes are 396, 138 and 118 for community, household and child fixed effects respectively.

5. In community fixed effects, additional controls are child age and sex; household and parental characteristics are
maternal age, education and height, household head’ s age, education, job type, ethnicity, marital status, housing
characteristics and log per capita consumption; prices are locality median prices for tomatoes, onions, potatoes,
tortillas, rice, beans, chicken, eggs, milk, sugar, cooking oil.

6. In household fixed effects, additional controls are child age and sex, locality median prices for tomatoes, onions,
potatoes, tortillas, rice, beans, chicken, eggs, milk, sugar, and cooking oil .

7. In child fixed effects, additional controls arelocality median prices for tomatoes, onions, potatoes, tortillas, rice,
beans, chicken, eggs, milk, sugar, and cooking oil.
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