Public Disclosure Authorized
Public Disclosure Authorized
Public Disclosure Authorized

POLICY RESEARCH

WORKING

PAPER

The Effect of Early
Childhood Development
Programs on Women'sLabor
Force Participation and
Older Children's Schooling
*

K n

2376

Economicincentives have a
powerful effect on the work
behavior of women with

childrenin Kenya.In addition
tc increasingthe future
productivity of children,
government subsidiesof

low-costearly childhood
developmentprograms
would increasethe number
of mothers who work, thus

Michael M. Lokshin

increasingthe incomesof

Elena Glinskaya
Marito Garcia

poor householdsand lifting
somefamiliesout of poverty.
They would also increase
older girls' enrollment in

Public Disclosure Authorized

school, by releasingthem
from child care

The World Bank
Development Research Group
Poverty and Human Resources
and
South Asia Region
Poverty Reduction and Economic Management Sector Unit
and
Africa Technical Families
Human Development I1

June2000H

responsibilities.

POLICY RESEARCH WOR(KING PAPER

2376

Summaryfindings
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reached 23,690 by the end of 1999.
Lokshin, Glinskaya, and Garcia analyze the effect of
child care costs on households' behavior in Kenya. For
households with children aged three to seven, they
model household demand for mothers' participation in
paid work, the participation in paid work of other
household members, household demand for schooling,
and household demand for child care. They find that:
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* The cost of child care and the level of mothers'
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1. Introduction

About 20,000 early child development (ECD) centers provided day care and prepared for primary
school over 1 million children three to seven years old (about 20 percent of the children in this age
group) in Kenya in 1995, and the numberof child care facilitiesreached 23,690 by the end of 1999.
The number of ECD centers increased 500-fold between 1963 and 1995 as a response to a
rising involvement of women in the labor market and an increase in the number of single-parent
households. Analysisof the 1995 Kenya Welfare MonitoringSurvey shows that 30 percent of rural
householdsin Kenyaare headed by women, and over half of all prime-aged(15-45 years old) married
women work in salaried occupations. The popularity of ECD centers also stems from the belief that
participationin ECD programs improves children's chances in primary school entranceexams and
leads to lower dropout rates (Kipkorir and Njenga 1993; Myers 1992).
The government'sannual expenditureson ECD programs can exceed its expendituresfor one
year of primary education, according to various estimatesin developing countries (Wilson 1995).
Such expensive investmentsin small children competefor resources with many other programs and
projects,and it is importantto providepolicymakerswith informationthat allows them to judge which
interventionsare most beneficial (Gaag and Tan 1999).
The effectivenessof investmentsin ECD programsis often estimatedbased on improvements
in the futureproductivityofECD graduates.Growingevidencefrom diverse cultures showsthat most
ECD programsof relativelygood qualityhave meaningfulshort-termeffectson cognitiveability,early
school achievement, and social adjustment(Reynolds et al. 1997).2These direct improvementsin
child outcomes are the benefits that policymakersusually consider when making decisions about
public investmentsin ECD. At the sametime, the availabilityof affordable ECD facilities may offer
indirect benefits (Myers 1996).Among these are increasedparticipation of mothers in market work
and increasedschool participationof older siblings(usuallyyounggirls) who are freedfrom the child
care chores. The impact of these benefits on the welfare of households with small children can be

canproducemedium-to longer-runeffectson
2 Thereis alsoincreasingevidencethatinterventions
specialeducationplacement,graderetention,disruptivebehaviorand delinquency,and
schoolachievement,
high schoolgraduation(Reynoldset al. 1997).

substantial. Freeing mothers for market work may improve household income status, and since
households with young children and female-headed households tend to be poorer, increased in
availability of ECD services is expected to help alleviate poverty.
Research in the developing countries indicates that other than the mother females in the
household, especially young daughters, act as providers of free child care, releasing mothers for
market work (Pitt and Rosenzweig 1990; Wong and Levine 1992; Tiefanthaler 1997 ; Connelly,De
Graph, and Levinson 1996; Deutsch 1998).Skoufias (1994) studied intrahousehold time allocation
in India and established that time spent in school by girls and boys is negatively correlated with the
mother's wage rate, suggestingthat mothers' time and older children's time at home are substitutes.
Deolalikar (1998) examined determinants of primary and secondary enrollment among Kenyan
households and found a high income elasticity of secondary school enrollment. He also found
significantdifferences in girls' (but not boys') primaryand secondaryenrollmentby the presence of
children under three in the households. The author reports a particularly strong effect for girls of
secondaryschool age. Conditionalon the otherdeterminantsof enrollment,the probabilitythat a girl
aged 14-17 is enrolled in secondary school is reduced by 41 percent if there is a child under three
years of age in the household. The correspondingeffect for boys is only 5 percent. These results
suggest that when the market child care servicesare unavailable, owing to high cost or a lack of
facilities, older siblings of young children are more likely to provide child care.
To date only a few studies - for example,Connelly,De Graph, and Levinson (1996), Wong
and Levine (1992), Lokshin (1999) - have researched the relationship between child care and
women's labor market activity in developingor transitionalcountries. Nearly all of these found that
the price of child care has nontrivial effects on women's work patterns. The results of this paper
fiurthercontributeto the understandingof the interdependencyof households' decisions about labor
supplies of its members, child care arrangementsand schooling, and suggest policies that lead, in
words of Summers (1992), to investing in all the people. Summersemphasizes that the moneyspent
in developing countries to educate girls is far more productive than any other social sector outlays.
This paper develops a simple theoretical frameworkof household utility maximization that
yields empirically testable implications for the relationship between the price of child care and
householdbehavior.Wetest thesehypothesesbyjointlyestimatinga systemofreduced-formequations
of the demand for quality of child care, schoolingfor older boys and girls, and leisure of the mother
2

and other household members using the method of Semi-Parametric Full Information Maximum
Likelihood.This methodtakes intoaccountthe error term correlationsbetween the householddemand
equations.
The estimations reveal that mothers' decisions about participating in the labor market are
sensitive to changes in both wages and the cost of child care. Higher wages that mothers can earn
outside the home encourage them to enter the labor force, while higher-cost child care suppresses
maternal employment.Households' decisions aboutyoungchildren's participationin ECD programs
are found to be very sensitive to the cost of care. Higher-costchild care discourages householdsfrom
using ECD programs. Both maternal wage rates and cost of care effect school enrollment of schoolage children. The influence of these factors on households' decisions about its children's schooling
is determined by a combination of income and substitution effects. An increase in mothers' wages
raises school participation of boys; in this case the income effect dominates the substitution effect.
But the mothers' wage increase depresses the school enrollment of girls; in this case girls substitute
for the mother in home production. Higher prices for child care have no significant effect on boys'
schooling and significantly decrease the number of girls at school.
The paper is organized as follows: Section 2 describes the data, and section 3 presents
descriptivestatistics on the main outcomes of interest and their factors of influence and describesthe
system of early childhood development centers in Kenya. Sections 4 and 5, respectively, show the
developmentofthe theoreticalmodel, give details ofthe empiricalmodel, and discuss the conceptual
issues involved in estimating a consistent model of household child care choice, schoolingand labor
supply. Section 6 presents and discusses estimation and simulation results. Section 7 concludeswith
a discussion of the policy implications and a summary of the findings.

2. Data
The data forthis researchcome from two sources.The 1994KenyaWelfare Monitoring Survey(WMS
II) providesinformationon 10,860households(59,200 individuals),including about6,624 households
with children between ages three and seven. The survey is based on the multistage sampling
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framework drawn by the National Sample Survey and Evaluation Program.3 The survey includes
questions on the modes of child care arrangementsmade for the children in the household, and the
amount of money paid for formal child care. The part of the questionnaire administered to each
individualhousehold member yields data on each household member's labor activity and earnings.
The part of the questionnaireadministered to one respondentper household on matters that affected
the household collectivelyyields informationon nonwagehousehold income and on the household's
composition.
Informationaboutchild care facilitieswas collected bythe KenyanMinistryof Educationwith
the help ofthe World Bank in 1995.A surveywas conducted on a sampleof more than 800 childcare
facilities in 17 districts or urban centers in Kenya, representing urban, pastoralist, and other rural
areas. The Kenya Early ChildhoodDevelopment Centers Survey (KECDCS) is a stratified random
sample that representseach ofthe sponsorship types in the country.The survey collected information
on the center's location, enrollment,operating expenditures,financial status, and facilities. Data on
the characteristicsand salaries of teaching and nonteaching staff, the extent of turnover, and child
feeding practices were collected. For more infornation about the sample selection procedure and
descriptive statistics of the sample, see Mukui and Mwaniki (1995).
There is no direct way to match the data from these two surveys.However, WMS II provides
exact geographicalcoordinatesfor most householdsin the sample, and the addresses of the surveyed
child care facilities were registered in KECDCS. The geographic coordinates of the towns in which
the ECD centers are located were determined using a gazetteer maintained by the U.S. National
Imagery and Mapping Agency.4 The same source was used to identify the location of some of the
households for which no location information was available in the survey. We identified the
administrativedistrict in which eachhousehold and ECD center is locatedby using a so-calledpointin-polygon operation in a geographic information system.5

3 WMSII was designedto coverthe remoteand low-density
northendistrictsbut wasnot fully

successfulin gettinginformationin thoseareas.
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The informationis availableathttp://164.214.2.59/gns/html/index.html

Livestock
5The digitalmap of Kenyandistrictsthat we usedwas producedby the International
ResearchInstitutein Nairobi,Kenya.
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3. Descriptive analysis

Household child care choice and members' labor supply in Kenya
A household's decision about the labor supply of its members is determined to some degree by
comparing members' productivityat home and in the labor market. Small children require constant
care,and a mother's productivityathome is in manycaseshigherthan her potentialreturnfromoutside
work. Table 1 shows the proportion of mothers working in cash occupations (henceforth working
mothers or employed mothers) by the number of children zero to six years old and by age of the
mother. For all age groups the percentage of working mothers declines with the number of small
children in the household. The employmentrate of young mothers (age 18 to 25) is lower than the
employmentrateof the mothersfrom older age groups.Most economicallyactiveare 26- to 35-yearold mothers.Amongthem therate of employmentreaches46 percent for women with one child,which
is comparableto or higherthanthe proportionof workingwomenwith no children.In householdswith
four or more children below age six, only about 25 percent of mothers work for a wage.
Table 2 presents data on the percentage of working mothers by the household size and by
mother's age group. The higher the size of the household, the lower the probabilitythat the mother
works. Again, as in Table 1, the most active group of mothers is the women 26-35 years of age from
small families.Theseareprobably singlemotherswith small children. For single-motherhouseholds
the proportionofworking mothersis consistentlyhigh, with morethan 80 percent ofthe womenwith
children age 26-35 participatingin the labor market. Without other adult household members, such
households may depend more heavily on market-providedcare. Older mothers with small children
tend to work less.
Adult household members other than the mother, especially nonworking members, may
participate in household production and substitute for the mother as child care providers when she
works. Table 3 shows the probability of households' sending their children to ECD centers by the
number of elderly in the household. The data indicate that the more members of older age arepresent
in the household, the less likely it is for the child to attend a center.
The labor force participation rates of women with children are lower than they are for other
population groups.Table 4 shows the levels of employment for the various age-gender categories.
5

Rates of employmentof men in all age categories in Kenya are significantlyhigher that the rates of
employment for women. About 70 percent of men in 26-35 year old category work, compared with
only 33 percent of women with children in the same age category. The level of labor force
participationis declining for older age groups,and for the respondents older than 45 years old twice
as many men as women work outsidehome.
The ECD system in Kenya
Kenya has a long tradition of preschool education.The first privately run preschools appeared in the
1940s, cateringexclusivelyto the Europeanand Asian communities. Later, day care centers became
established on coffee, tea, and sugar plantation and in urban centers. The expansion of preschools
happened after independence in 1963.
In the mid-1990s the majority of ECD centers in Kenya functioned as community-operated
programs. The other types of early education and care centers were established and run by religious
organizations,private individuals and companies, plantations,estates, NGOs, and local authorities.
Altogether, they represent about 40 percent of all centers in the country.
An organizedcurriculumfor KenyaECD centers wasnot established until the late 1980s.By
the mid-1990s, the central government assumed responsibility for training preschool teachers,
supervising and inspecting preschool programs, and developing a locality-specific curriculum.All
but the local government-run centers rely heavily on fees for paying their day-to-day operating
expenses. The majority of ECD funds are spent on teacher salaries.
ThepriceschargedbyECD programs vary considerably.Fees are not set nationally,but rather
by village or urban dwelling parent-teacher associations. Fees vary depending on the quality of
preschools. Centersthat employmore educatedteachers, have smaller classes, and provide food and
other enhancingactivitieschargehigherfees (Glinskayaand Garcia 1999). Land,buildings, furniture,
and teaching and playingmaterialsaredonatedby churches,local authorities,and parentsthemselves.
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4. Theoreticalmodel
The analysisappliesto householdswith youngchildren. We assumethat there are four formsof child
care available to households in Kenya: child care provided by the mother, child care provided by
other adult household members, child care providedby older siblings, and formal (paid) child care.
For householdswith children and two parents, the husband is considereda potential provider of free
child care.In a household with a singlemother who has no relativesliving with her, it is assumedthat
any informal child care is provided by children themselves or relatives who live outside the
household.
The theoreticalmodel used in this paper is based on the assumptionthat household members
make choices about their consumptionof child care quality, quality of children's schooling,market
goods, and leisure. A household's decisions about the quality of child care and education for its
children and aboutthe amount of time each member of the household can work are motivatedby the
desire to achieve the highest level of household welfare.
Themodel is madetractablethrougha numberof simnplifying
assumptions. First, it is assumed
that childrenrequire continuouscare.Second,the household structureand the numberof children are
assumedto be exogenous6 . Third,it is assumedthathouseholdmembersderive utilityfrom the quality
of child care they choose. This utility is represented by the discounted value of a potential
improvementin children resulting from a higher quality of child care or by the current utility of the
family knowing that their children are in competent hands. Fourth, it is assumed that household
membersderive utilityfrom the educationof children of school age.This utilitymay be thoughtof as
benefits that parentsreceive from well-educated children in the form of, for example, support in old
age and the satisfactionof having educatedchildren.Fifth, we assume that the total time availableto
children of school age can be divided into time spent caring for younger siblings and time spent on
schooling. Sixth, it is assumed that mothers spend all their free time on child care - that is, the
mother's leisure time equals the time she spends caring for children.
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Thisis a restrictiveassumptions,
however,workby BlauandRobins(1988)and Conelly,et. al.

(1997) suggestthat treatin the fertilitydecision as endogenousdoes not significantlychange the results on
household child care modes and householdmembers' labor force participation decisions.
7

In the one-periodutility mraximizationproblem the household chooses its consumption of a
Hicksian compositegood G,the qualityof child care Q,the quality of educationS, the leisuretime of
the mother L4, and the leisure time of other household members Lo subject to its budget and time
constraints. The household utility function is assumed to be twice continuously differentiable and
quasi-concave:
MaxU = U(Lm,Lo,G,Q,S)-

(11)

The total quality of child care Q is a function of the exogenous quality of the child care provided by
the mother Qm, the exogenous quality of care provided by siblings Qs, the quality of child care
purchased on the market Qp,and the exogenous quality of child care provided by relatives Qo:
Q5,Ts), such that Q'>O and Q"<O
Q =Q(Qm,Lm,Qp,Q.o,T

(1.2)
where Tois the time other householdmembersspendon childcare and T, is the time that older siblings
spend on child care.
The education production function is defined to be a continuous, twice continuously
differentiablefunction S of the time children spend at school:
S = S(1 - T,-), such that S' >0 and S " < 0 (13)
The budgetconstraintincludes total householdexpenditureson child care as a function ofthe number
of children in the household, the per-unit quality price of child care, the quality of formal care, and
the time children spend in care:
G =E +WmHm+ W,H.-N PqQp(Hm-To-T),

(1.4)

where E is the exogenous nonwage household income, Hmis mother's time at work, Hois the other
household members' work time, N is the number of children ages three to seven years old in the
household, Pqis the exogenous price per unit of quality of formal child care, Wmis the market wage
is the marketwage availableto the otherhousehold members, and theprice
availableto the mother, WO
of the composite good G is taken as a numeraire.
Finally,under the assumptionthat childrenrequire constantcare, the model specifies thetime
constraintsaffecting the mother, the other household members, and the children:
Lm+HH

=L

0

+H,+ T

H. - T.-T, > O
o < T,,,H,, T, S,L

=S+Ts

L_ H_ < 1

=1

(1.5)

(1.6)
(1.7)
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The household simultaneouslysolvesits utilitymaximizationproblem for an optimal consumptionof
all goods that enter into the household utility function.
The structuralform householddemandequationscan be derivedfromthe first-orderconditions
(FOC) ofthe household utilitymaximizationproblem (1.1-1.7).The structuralform demandsare the
functions of both endogenous and exogenous variables:
H. = Hm.(Q,Ho,Wm
.
W,, EW

)

S=(Hm,QH,rWmsWosEsPq

HQ=
Ho

Wm

0'Q(H,S,Ho

(1.8)

Ho(Hm,SiQ,Wm,Wo,E,1%s)
E

Solvingthe FOC with respect to L,,,Lo,Tw,Tsand Qp,the reduced-formdemand system for childcare
and schooling,the mother's labor supply, and the labor supply of other household members can be
derived as a function of the exogenous variables. The derived reduced-form demand functions are
then:
H.= Hm(Wm,W.,E,Pq,
S = S(Wm,W, EJP,- )

Q Q(W1%
Q=
W,E, Pq* (1.9)
Ho = H(.(W.9W.,E,Pg )

The next section developsan empiricalmodel and discusses specificationsfor possible estimations
of the household demand systems.
5. Empirical model and specifications
We specifya linear approximationofthe system ofhouseholddemandequations(1.8) and (1.9).They
are (substitutingH,, Q, S, and Ho on four variables D,'s):
(2.1)
D, =JX +alPq+ a21 Wl + a2 2 *o + Ei = ...4,
where X is a vector of explanatory variables, p and a's are vectors of pararneters, and e, is an

equation-specificdisturbance.Forthe structuraldemandsystem(1.8)Xwould includeboth exogenous
and endogenousvariables, and for the reduced-formdemand equation system (1 .9)Xwould include
only exogenous variables. We separate wages and child care price from other explanatoryvariables
in equation (2.1) because we use predicted values (hat on the top) for these variables obtained from
the different estimations.
The error terms e,of equation (2.1) are likely to be correlated.The demand for each particular
good is an explicit function of other endogenousvariables in the system in the case of the structural
form equations,and the error terms arecorrelatedeven in the reduced-formdemandsystemequations
9

In the data we do not observe actual household demand. What we do observe are the binary
indicators(demand indexfunctions)that correspondto the latentdemandvariablesand arein the form:

Di=l if D, >O
D, = 0 otherwise,

i = 1...4

(2.2)

There areseveral options for estimatingthe systemof equations(2.2). Theserange from ordinaryleast
squares to estimatingthe fully simultaneous system of equations when each equation in the system
includesas explanatoryvariables the dependent variablesfrom the otherthree equations.Thefirst two
methodswe describebelow fall into a categoryof unconditionaldemand estimators, as they estimate
demand for everygood unconditionalon otherchoices, whilethe lastmethod estimates a conditional
household demand system.
The simplest estimationsof the demand system can be obtained by using binarytechniquefor example, a linear probabilitymodel or binaryprobit estimation. However, this method imposes
an assumption of independence of the error terms between the system of equations (2.1). The
coefficients estimated by four independentprobits will be unbiasedbut inefficient in a general case.
It is possible to estimate thehousehold demand systemby specifyingajoint distributionofthe
error terms in (2.1). For example,under an assumptionofjoint normality of the distribution of error
terms, the system of equations (2.1) can be estimated by Full Information Maximum Likelihood
(FIML).
Finally,the structural form of the household demand system can be estimated as a system of
simultaneousequations,a so-calledconditionaldemandsystem.This approach,however,presentstwo
major problems. First, it is very hard to find and to justify a choice of identifyingvariables. Second,
in the case ofthe fullysimultaneous systemof equationswith binary dependentvariables, there exists
a problem of logical consistency (see, for example, Maddala 1983, p. 214) that makes it impossible
to estimate this system of equations without imposing restrictive assumptions that may have no
economic interpretation.
Thus, the best estimation method in this situation is the estimation of the reduced-form
household demand systemunder an assumptionthat all error terms in equations (2.2) are correlated.7
7This estimationmethod allows us to account for the

unobservedvariables, uncorrelated with the
explanatoryfactors,to influence outcomes.For example, the presence of mothers' siblings in the area of
residence or the existence of neighbor-helpgroups, while uncorrelated with the explanatoryvariables, can
have an effect on all outcomes of interest.
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Forestimationwe use the Semi-ParametricFull InformationMaximumLikelihood(SPFIML)method
developedby Laird (1978), and Heckman and Singer (1984), and applied to simultaneousequations
by Mroz and Guilkey (1992), and Mroz (1999). The method allows us to estimate the system of
simultaneousbinaryequationswithoutspecifyingan exact functionalform ofthejoint distributionof
the errorterms e,and approximatingthesedistributionnon-parametrically.The methodshouldprovide
more efficient estimators than FIML in a general case and is far less computationallyexpensive.
To account for possible error correlations we impose a factor structure on the disturbances
in equations (2.1):
£ii
pfj + ' V +P2YiV + p3iVX

i = 1...N, j = 1...4

(2.3)

where i is a household index,j is an equation index, N is a total number of observations, [2 is an
independent extreme value error. VI, V2 , and

V3

are common factors among the equations. These

factors are unobservable variables that influence the choices made by households and that are
uncorrelatedwith the explanatoryvariables. pI, P2, and p3, are factorloadingsthat representthe effect
of a given factor in each equation. We introduce a three-factor structure to account in the most
unrestricted form for the possible sources of heterogeneity in the disturbances.8
We assume that the distributions of the v's in equations (2.2) may be approximated by the
following step functions:
Pr(VI =Vlk)

= Pk , Pk

2 0 and

E Pk

1

(2.4)

k=1

Pr(V2 =V

2 1)

=

P, PI 2 0 and

P =1

(2.5)

1=1
M

Pr(V3 =

V 3 m) =

Pm.

Pm> 0 and

ZP
m=1

(2.6)

m=1

where v's are the points of support in the distribution of the factors,P's are the probabilitiesthat the
factorstake value v, and K, L, and Mare the numbers of points of support of the distribution of each
factor.
Then the likelihood function describing the mother's labor force participation decision,
younger children's child care mode, older children's school participation, and other household
members' work decisions is given by:
8 For a discussionof the choiceof the optimalnumberof factors,see AndersonandRubin(1956).
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NLg

K

L

M

ksI

1=1

M=I

=
i=l

4

Lr PRz(xzbzlVkVI, V,

>

(2.5)

z=1

wherethe probabilityterms,denotedby PRz(.),are the cumulativedistributionfunctionsfor every
demandindexfunction,andN is the total numberof observationsin the sample.
Choosinga priorinumbersofpointsof supportK.L, andMAthe log-likelihoodfunctionZ§is
maximizedover,B's,p's, Ps, andv's. Foridentificationpurposes,thetwo pointsof supportforboth
9 The numberofpointsof supportis increased
factorsarenormalizedto equal0 and 1, respectively.
untilthe differencein the log-likelihoodsof consequentmaximizationssatisfiesthe convergence

matrixe of the estimatedcoefficientsin the model(2.1-2.2)is
criteria.10 The variance-covariance
theasymptoticcovariancematrixbyso-called"sandwich"estimator(see,
estimatedbyapproximating
for example,Davidsonand MacKinnon1993,263).
Dependentvariables

Summarystatisticsfor the dependentvariablesof the system(2.1) are shown in Table 5. The
definitionsof dependentvariablesare the following:
Mother'sworkstatus:Wedefineashouseholdswithaworkingmotherthehouseholdswhere
a motheris reportedto be workingfor cash andreceivingwages.More han half of the households
with smallchildrenhave workingmothers.
Householduse ofchildcarefacilities: Thehouseholdswhere at least one ofthe children aged

threeto six are in ECDcentersare classifiedas the householdsthat use paid childcare facilities.
About 18percentof householdsuse child carefacilitiesas a formof daycare for their children.

of probabilityweights,the pointsof supportforthe
9 Thefunctionalformfor the normalization
likelihoodfunction(7),and the estimatedparametersare givenin the Appendix.
10Weuse a likelihoodratioX2-testat a significancelevelof 25%to determinetherejectionor
acceptanceof the modelwithone pointof support.Ifthe modelwithoutheterogeneityis acceptedin favor
no furthersearchis done.If the simplemodel
of themodelwiththe controlfor unobservedheterogeneity,
specificationis rejected, than we perform a x2'test for whether to accept or reject the two points of support

specificationversusa threepointsof supportmodel,etc.
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Household school participation: The indicator dummy variable is equal to 1 for the
households where all children of a school agewere attendingschool; otherwisethis dummyvariable
is equal to 0. About a quarter of Kenyanhouseholds have at least one school-age child not in school.
Workingstatus of other household members: Householdswith working "other household
members" are those where at least one adult household member is reported to be working for cash
wages. Seventy-five percent of households are classified as households with working "other
members" according to this definition.
Explanatory variables
The definitions and descriptivestatistics for the explanatoryvariables in the system of equations(2.2)
are presented in Table 5. Several key variables of interest are discussed in detail below.
Price per quality unit of child care (P): We identify the effect of child care prices on
household behavior through district-leveldifferencesin these prices. There are two main sources of
information about the child care prices. First, on the household level, information about total
household expenditures on child care for the last month is available from the WMS II. Second, fees
charged by day care facilities were reported in the facility questionnaire collected in KECDCS.
Ideally, we would like to have child care prices from the ECD centers that are in the choice
set of everyhousehold. Neither source of prices provides us with such information. The household
expenditure on child care is endogenous to the child care prices and represents the price in only one
child care facility, chosen by the household. The child care facility survey clearly does not cover all
ECD centers in a particular area, and only about 75 percent of the district surveyedby the household
survey is covered by the facility survey. In this research we use both approaches to child care price
estimation and compare the results based on the different measures.
Estimatingcare pricesfrom the household expenditureson child care, we, followingBlauand
Robins (1988), Blauand Hagy (1998) assumethat the price per unit of quality of child care is uniform
within a district'" and use the average district-specifichousehold expenditure as a proxy for the child
care price.

Theaveragepricesof childcare arecalculatedfor 43 districts.
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To calculate the price of care based on the information on centers' fees, we estimate the
quality-adjusted price of outside-home care using the method suggested by Blau and Hagy (1998).
KECDCS collected extensive informationaboutthe characteristicsofthe child care providedand the
fees charged. These data are used to estimate a model of fees for formal child care facilities. The
quality-adjusted price of an hour of child care is determined by a location-specific hedonic price
equation:
p = nk +P Xi + Ei
care
at the ECD center, x, is a vector of variables that represents
of
the
formal
is
the
price
where Pi
the characteristicsof the facility, pis a vector of coefficients,E,is an error term. In that specification
ltk

can be interpreted as a market-specific, quality-adjusted, hourly price of ECD program in the

location k.
We use the quality-adjusted price of care to compare the effects of price on household
behavior for facilities that offer different quality of care. For example, suppose one facility offers
several developmental programs and has a low teacher-child ratio. In other words, that facility
provides a high quality of child care but charges a relatively high price for its services. The other
institutiondoes not offer such high quality of care, and the price it chargesis low. Directly comparing
the prices of these two facilities is not possible because these prices are charged for different
services. The methodology suggested above allows us to adjust prices for differences in the quality
of provided care and thus makes these quality-adjustedprices comparable.
Mother's offered wage (Wi): The wage rates available to each mother have been imputed
using Mincer's (Mincer and Polachek 1974) type earning function regression with a control for
selectivity.2 Weuse the SPFIMLapproachdescribedabove as an alternativeto the standardHeckman
correction procedure. This semi-parametric method allows us to relax an assumption of joint
normality of the error term of regression and selection equations. The method is applied to a
subsampleof women working in cash occupations. Monthly earningshave been calculatedas a ratio

coefficientsforthe wageequationsare shownin Appendix2. For identificationin the
12 Regression
rates,calculatedfromthe 1992Kenya
unemployment
selectionequationwe use laggeddistrict-specific
WelfareMonitoringSurvey.
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of the reportedwomen's earningsand the number of months she worked during the period of time for
which she chose to report her earnings.'3
In the wage regression,the followingexplanatoryvariableshavebeenused to predict mothers'
monthly earnings:the mother'seducational level, her age,the number of children she had (as a proxy
for work experience), her marital status, and the number of year she spent in her current main job.
Imputations are made based on the women's predicted monthly earnings with the job tenure of
nonworkingmothersbeing equalto zero. Herethe offeredwage is assumed to be a wage that a mother
could earn if she were to start a new job.
Offered wages of other household members (Wd: The wage rates available to other
household members are calculated similarly to the wage rates available to mothers. Different
regressionswere run to predict wages for householdmembers of different ages and genders.Afterthe
imputations,two methods were used to obtainthe wage WO.
Under the first specificationthe offered
wage of other household members is equal to the lowest potential wage that can be earned by any
household memberexcept the mother. The second specificationusesthe average potentialwage that
canbe earned by adulthousehold members exceptthe motheras an explanatoryvariablein the model.
Nonwage household income:Nonwage incomesare measuredas householdmonthly income
from all sourcesotherthan wages. We dividethe total household nonwage income intotwo parts. The
first measure includes income from agricultural sales, and the second one includes income from
business activities, pensions, other transfers, and the other incidental income.
Other explanatoryvariables include the mother's age and her level of education,household
size and demographiccomposition, and the number of children from various age groups,as well as
the average level of wages in the district.

6. Results and simulations
The results of the estimation of the systemof simultaneousequations(2.2) by SPFIMLare presented
for the specificationwith three points of support for each of the three common factors in the model.
Further increasing the numbers of points of support did not significantly increase the value of the

3

1

If a woman,for example,reportedher earningsfor week,thesewere adjustedto a monthlybasis.
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likelihood function. The estimated coefficients are shown for the model estimated with and without
adjusting for unobservable heterogeneity and correlation of the error terms. The estimation of the
model without adjusting for a possible correlation in the error terms between equations (2.2) is
essentially a joint yet independent estimation of four probits.
The equation for the older children's schoolingin both SPFIMLand independentprobits cases
is estimated only for the sample of households that have school-agechildren. The contributionto the
likelihood function from this equation for the households with no school-age children is set equal to
unity when four equations areestimated simultaneously,and householdswithout school-age children
are excluded from the estimation in the case of independent probits.
Tables 6(a) and 6(b) present the estimated coefficients for the specification ofthe model (2.2)
where we use the average local household expenditure on child care as a proxy for the price of child
care. Accordingto the likelihood-ratiotest criterion,the independentspecification is rejected in favor
of the SPFIML estimation.14
Both SPFIML and independentprobits estimations show that the price of care has a negative
effect on maternal employment. The higher the potential market wage rate of the mother, the more
likely the mother will participate in the labor force. Mothers from single-parent households,younger
mothers, and mothers from households where the education of the head is higher are more likely to
work.
The results of the estimation indicate that a high price of care decreases the probability that
the household will use outside-homecare.Householdswhere the motherhas a higher market wagerate
are significantly more likely to use paid care. The number of children in a household is negatively
related to the household's likelihood of using ECD centers. Here, one explanation could be the
existenceof some economy of scale based on the number of children that increases the productivity
of other household members at home. In other words, once someoneis taking care of one child, they
can take care of two, whereas if the household put these children in a child care center it would have
to pay double the price. An important finding is that the presence of older children has a significant

14 The log-likelihood value for the independent estimates is -11672.12 based on 164 parameters.
The log-likelihoodvalue for the SPFIML estimate is -11327.38 based on 182 parameters. This is an
increase of 344.74 in the log-likelihoodvalue for 18 additional parameters.
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negative effect on the paid care use. This fact may support the hypothesis that older children act as
substitutesfor the mother in home production and particularlyin child care.
The probabilitythat school-agechildren attend school is negativelyand significantlyrelated
to the price of day care. Higher wage rates for mothers have a positive, although statistically
insignificant,effecton the likelihoodofchildren's attendingschool.The presence of childrenyounger
than two years of age in the household and the presence of siblings of school age also decrease the
probability that children are at school. A higher level of education of the household head and
education of the mother have a positive effect on children's school attendance.
The estimation of the model in which we approximate costs of child care through qualityadjusted prices in the locality is shown in Table Al in Appendix (the calculation of the qualityadjusted prices is done using the hedonic regression method described above). The estimated
coefficientsof this specificationare less precise than the coefficientsestimated by the first method.
One explanation for this may be the fact that we managed to merge only about half of our household
sample - 3,846 observationsout of 6,645 in the whole sample- with the informationfrom the child
care facilitysurvey. The households that were matched with the child care facilities were locatedin
urban areas of Kenya, and some selectionbias may exist in the estimation results. For that reason we
based our simulations in the next section on the first specification.
Nevertheless, the behavior of the main variables of interest in this model confirms the
predictions of the model based on the average local household expenditure on child care. Mothers
with higher potential market wages are more likely to work. The effect of wages on maternal
employmentis significant.Higher costsof child carepreventmothersfrom workingoutsidethehome,
decreasetheprobabilitythat school-agechildrenattendschool, anddecreasethe probabilitythat small
children attend preschool.
Simulations
To examine the effects of the estimates summarizedabove on the model (2.2), we simulate how
households would respond to changes in the specific parameters used in the model. In a given
simulation,a certain value of the variableof interest is assigned to all the households in the sample.
The simulated probabilities are generated for each household by integrating over the estimated
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heterogeneity distribution and averaging the probabilities across the sample. Next, the value of the
variable of interest is changed, and this changed value is assignedto the entire sample of households.
Then the new set of simulatedprobabilities is generated.The effect of the changes in the particular
parameter is calculated as the difference in these simulated probabilities.
The results of SPFIML simulations'5 of the effects of the main variables of interest on
household behavior are shown in Table 7. A 10 percent increase in the mother's potential wage rate
would encourage mothers to work. The proportion of households with working mothers would
increase from 53.1 percent to 62.3percent, which correspondsto an elasticity of mother labor supply
with respect to the market wage of 1.48.16This increase in wages has a strong effect on children's
attendance in paidchild carefacilities. Theproportion of householdsusing preschool facilitieswould
rise by 7.7 percent, indicating that householdstreat child care as a "normal good" and increase child
care consumption with an increase in income. School participationis also positively correlatedwith
mothers' wages. A 10 percent increase in wages would result in about a 3 percent increase in the
proportion of householdsthat send all of their school-age children to school. Changes in the market
wages of women with children have a rather small effect on the labor supply of other household
members.
The simulated effect of a 10 percent increase in the cost of child care is consistent with the
predictions of the theory. Maternal rates of labor force participation would fall, small children's
attendancein paid child care would decline,and the percentageof households with children at school
would also drop. The effect of an increase in child care cost on other household members' labor
supply is small.
It is informativeto simulate a policy of fully subsidizedchild care. The results of simulation
are shown in the bottom part of Table 7. Free child care would result in a fourfold increase in the use
of ECD center facilities by Kenyan households with children

17.

This high elasticity suggests that

The resultsof the simulationsbasedon the independentprobitestimationsare shownin TableA2
in the Appendix.
"

16 Dabalen(2000)reportsthe elasticityof women'slaborsupplywithrespectto the marketwagein
SouthAfricato be closeto 1.

17The elasticityof the children'sattendanceof ECDcenterswiththe respectto cost of careis high.
Whilewe knowof no studiesthatcalculatedcomparableelasticitiesin Kenya,or in any otherAfrican
to BasicEducationproject(WorldBank2000)
country,theresultsfromUganda'sNationalCommitment
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households in Kenya are quite sensitive to the costs of care and that policies that affect child care
costs can have a pronounced impact on household behavior.
An increase in the wage rates of household members otherthan the mother has a strong effect
on their level of labor force participation. In 10.4 percent of households, other household members
would enter the labor market. This increase in wages positively affects the use of child care facilities,
although that effect is small compared with changes in mothers' wages or in costs of care. The
percentage of households in which all the school-age children attend school would also increase.
Simulatingthe effect of household characteristics on the household behavior reveals that an
increase in household income does not significantly affect the level of mothers' employment and
participation of children in ECD (Table 8). It raises the level of children's school attendance,but this
effect is small. Singlemothers are more likely to work than married women with children. According
to the model, about 65 percent of single mothers participate in the labor force compared with 51.3
percent of married mothers. Households headed by a single mother are more likely to use ECD
facilities and have lower rates of children's school enrollment. We also found that the educational
level attained by the household head positively influences mothers' labor force participation, the use
of outside home child care facilities, and children's school attendance.Mothers in larger households
are less likely to work, larger households are more likely to use child care facilities, and the level of
school enrollment among school-age children is higher in such households.

Genderdifferencesin children'sschoolenrollment
The model and estimationswe presented above allowus to analyzegender differences in households'
demand for education.The heterogeneity in the household approachto school investment in girls and
boys may mask the results presented above. To test how differently various parameters affect the
schoolingof children of different genders,we re-estimate our model of household demandseparately
for girls and for boys. For these estimations we create two new binary variables equal to 1 if all
school-age girls (boys) in the household are in school and equal to 0 otherwise. We estimate the

indicatethatwhenfreeschoolingwasintroducedin Ugandain 1997,primaryschoolenrollmentimmediately
doubledfrom2.6 to 5.2 millionchildrenandreached6.5 millionin 1999.Thisresultcorrespondsto
elasticitiescomparablewiththose foundin this paper.
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school enrollmentequation simultaneouslywith other three demandequations in the systemon the
whole sampleof householdswith smallchildren, but thecontributionof the schoolingequation to the
likelihoodfunction is different from unity only for observationsof households with school-agegirls
(boys). The simulated probabilitiesof school enrollmentare shown in Table 9.18
There are striking differencesin the effects of increased maternal wages and costs of child
care on the school enrollment of boys and girls. While a 10 percent increase in mothers' wages
reducesgirls' enrollmentby 8.8 percent (elasticityof-1.5), that increase in wages actuallyraisesthe
school attendanceof boysby 11percent (elasticityof 1.27).Theseresults may be driven by different
interactions of income and substitution effects in households' decisions about girls' and boys'
schooling.Higher wages for the motherwould increasehouseholdincome and inducethe household
to consumemore schoolingfor its children. At the sametime higherwageswould make the time the
mother spendsat homemore expensive,and the householdmay decideto substitute for the motherin
somehome productionactivities by relyingon otherhouseholdmembers.For boysthe income effect
clearlydominatesthe substitutioneffect.Higherwages ofthe motherincreaseboys' schoolenrolment.
For girlsthe situation is the opposite.In responseto an increasein mothers' wages,householdswould
replace mothers with adolescent girls in home production activities, and girls' school enrollment
would drop.
The effect of an increase in the cost of care confirmsthis hypothesis. A 10 percent increase
in child care costs drops girls' school attendance rate by 3.3 percent whereas the effect of such an
increaseon boys' school enrollmentis insignificant.Highercosts of care would lower the household
demandfor paidcare. To carefor its smallchildren,the householdmay eitherreduce the laborsupply
of the mother or use other household members as child care providers. As we can see from the
simulation,the household decidesto sacrificegirls' schoolingand employ them in home production
to allow the mother to work for wages. We observe no such effect in the case of school-ageboys.
Again, as in the case of a change in maternal wage rates, the effect of the changesin child care costs
for all children's school enrollmentresults from a combinationof the declinein enrollmentfor girls
and the slight increase in school enrollmentfor boys.
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Theestimatedcoefficientsfortheseseparateestimationfor boysand girlsareavailablefromthe

authors.
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7. Conclusionsand policy implications
The estimations of the joint model of household demand system confirm the predictions of the
theoreticalmodeldevelopedin this paper.We foundthat economicincentiveshavea powerful effect
on the work behaviorof women with children in Kenya.The level of wagesavailableto them and the
costs of child carecanbe expectedto affect women's laborforceparticipation.Child carecosts affect
which child care arrangement households choose. When the costs of formal care are high, this
discourageshouseholdsfrom using outside-homechild care and increasesthe numberof households
that rely on home-providedcare. High child care costs were also found to have a negativeeffect on
the level of maternalemployment.
Both the cost of care and the level of wages available to the mother affects older children's
school enrollment. However, these factors have different effects on boys' and girls' schooling.
Whereasan increasein mothers' wages raisesthe school participationof boys,it depressesthe school
enrollment of girls. Higher prices of child care have no significant effect on boys' schoolingand
significantlydecreasethe number of girls at school.
Wefound that the singlemothersare more likelyto workthan married women with children.
Householdswith singlemothersrelymore oftenon paidchild care,and such householdswould be the
most affected by changes in child care costs.
Changesin householdnonwageincomehaveno significanteffect onthe level of mothers'labor
force participationor on children's schoolingor the use of outside-home child care facilities. From
this result we can conclude that nontargeted subsidies to households with children would be less
effectivethanotherpoliciesin increasinglevelsofmaternalemployment,schoolenrollment,and small
children's participationin ECD programs.
Government subsidies for child care may increase the number of mothers who work, thus
increasingthe incomes of poor householdsand lifting some familiesout of poverty.Theywouldalso
have a positive effect on the school participationof older girls in the household.
The results of this studyclearlyindicatethat in addition to increasing the futureproductivity
of children, low-costECD programs would likely producethe twin effects of releasingthe mothers'
time for market work and allowing older girl siblings to participate in school. Thus, well-targeted
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ECD programs may be seen as optimal economicinvestments that affect both the current and future
welfare of households with small children.
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Table 1: Percent of working mothers, by number of small children in the household
Ageof the mother in years
Number of children
46 +
36-45
26-35
18-25
0-6years old

Table 2: Probability of the mother's working, by total household size
Ageof themotherin years
Householdsize
36-45
26-35
18-25
0.67
0.81
0.63
2
0.54
0.53
0.35
3
0.51
0.42
0.24
4
0.40
0.33
0.27
5
0.27

0.29

0.24

6+

28
22
21
18

34
30
24
24

46
32
27
27

29
27
24
29

1
2
3
4+

46+
0.27
0.32
0.32
0.32
0.21

Table 3: Probability of small children attendingECDcenter,by the numberofelderly in the household
Girls
Boys
Total
Number of elderly
persons
0.12
0.12
0.12
0
1

0.10

0.10

0.10

2
3+

0.09
0.08

0.04
0.03

0.13
0.06

Table 4: Rates of labor force participation of various age-gender groups
Women
Women
Women
Age group
total
withno children
withchildren
0.23
0.20
0.27
18-25
0.35
0.44
0.33
26-35
0.31
0.36
0.30
36-45

Men
0.28
0.70
0.68

46+

0.25

0.25

0.25

0.54

Total

0.30

0.26

0.28

0.53
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,Table 5: Summarystatistics for the dependent and explanatory variables.
Mean STD

Dependentvariables

Mean STD

Explanatory
variables

Mother's work status

0.53 binary Nuclear family and other relatives

0.05 binary

Younger children in ECD center

0.18 binary Other types of households with children

0.07 binary

All children 8-16 years old are in
school')

0.64 binary Agricultural income

0.03 0.09

All girls 8-16 years old are in school 2)

0.68 binary Nonagricultural income

0.12 0.86

All boys 8-16years old are in school3

0.71 binary

Other household members' work status

0.75 binary Age of household head

Characteristicsof the head
Age of household head squared/100

Explanatory variables

41.36 12.27
18.60 11.85

Log of mother's wage

6.62 0.35

Gender of household head

0.80 binary

Log of other household members' wage

6.48 2.13

Education of the household head

0.02 0.13

Log of averageexpenditureon child care 4.42 0.24

Characteristicsof the mother

Log of quality-adjusted cost of care

4.26 0.68

Mother's age

32.15 8.68

Lagged average wage per locality

6.87 0.47 Mother's age squared/lO0

11.08 63.95

Householdcharacteristics

Preschooleducation

0.01 binary

Total household size

6.84 2.81

Standard 1-8 (below CPE)

0.28 binary

Number of children 0-2 years old

0.70 0.67

Cert. of primary education (CPE)

0.15 binary

Number of children 3-5 years old

0.96 0.65 Junior sec. ed. (Form 1-4)

0.10 binary

Number of children 6-7 years old

0.72 0.65 Cert. of secondary ed. (KCSE)

0.07 binary

Number of children 8-12 years old

1.20 1.12 Trade test certificate

0.01 binary

Number of children 13-16 years old

0.63 0.88 Other postsecondary ed.

0.01 binary

Share of adult males in the household

0.16 0.10 University and above

0.00 binary

Share of adult females in the household

0.22 0.09 No education

0.37 binary

Share of elderly persons in the
0.01 0.05
household
' Average is calculated on a sample of households with children age 8-16.
2) Average is calculated on a sample of households with girls age 8-16.
3) Average is calculated on a sample of households with boys age 8-16.
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Table 6(a): Independentestimation of the system of household demand equations (probits)

Log of mother's wage
Log of other's wage
Log expenditure on care
Household characteristics
Household size
Number of children 0-2
# children 3-5
# of children 6-7
#of children 8-12
# of children 13-16
Share of adult males
Share of adult females
Share of elderly
Share of children
Single-mother household
Single-mother and other
Nuclear family household
Nuclear family and other
Other types of households
Nonwage household income
Nonwage household income
Age of household head
Age of head squared*l00
Gender of household head
Education of household head
Characteristics of the mother
Mother's age
Mother's age squared* 100
No formal education
Preschool education
Standard 1-8
Cert. of primary education
Junior secondary education
Cert. of secondary education
Tradetest certificate
Other postsecondary educ.
University and above
Mean salary in the district
Constant

Other household
Children
Children
Mother's
members' work
in ECD centers
at school
work status
Coeff. Std. err. Coeff. Std. err. Coeff. Std. err. Coeff. Std. err.
0.788 2.140
-0.685 0.978
4.627** 0.905
3.936** 1.831
2.574*** 0.210
0.290 0.185
0.164 0.437
0.234 0.167
-0.074 0.367
-2.869*** 0.821 -1.446*** 0.333
-0.529** 0.299
-0.594
0.028
0.691
-0.009
-0.109
0.121
-0.091
0.042
-0.245

1.366
0.390
0.440
0.478
0.296
0.309
0.361
0.350
0.622

0.419*** 0.129
0.361** 0.159
0.091
0.093
0.223
1.849
-1.518
1.038
-0.388***
3.282***

0.081
0.099
1.020
1.023
1.020
1.037
0.095
0.604

6.431*
-1.374***
-0.431
3.022***
-1.450**
-1.393**
-1.354***
-1.211***
-0.950
0.059
0.089
0.170*
0.009
1.000
1.974
-1.741
0.730
0.017
2.203**

3.866
0.989
-1.221*
0.064
-0.313
0.985
0.064
-0.251
-1.852**
0.627
0.060 -2.468***
-0.389
0.512
0.073
0.462
-0.395
0.952
Reference
-0.029
0.550
0.002
0.590
Reference
-0.012
0.112
0.028
0.303
2.308
1.000
1.000
1.848
-0.580
0.794
0.455
0.811
-0.193*
0.379
6.376***
0.982

2.035
1.284*
0.815
-1.072
-0.304
-0.082
0.704
0.505
0.830

4.226
0.779
1.062
1.032
0.714
0.716
0.687
0.682
0.899
0.150
0.202

-1.060*** 0.148
-1.131*** 0.172

0.100
0.140
3.122
1.315
1.328
1.324
0.121
0.727

0.342***
0.271**
9.560**
0.641
2.262**
-3.261**
0.037
3.278

4.722 2.201
2.391 0.885
-3.810 2.718
-1.631 0.944
Reference
0.463* 0.996 0.924**** 0.268
0.265 0.215
0.621*** 0.106
0.105 0.084
0.063 0.088
0.097
0.815*** 0.119
0.169
0.188*** 0.096
0.815*** 0.176
0.013 0.118
0.235 0.145
0.331 0.245
-0.039 0.145
-0.009 0.205
0.316 0.452
-0.361 0.994
-0.163 0.351
0.346 0.390
-0.235 0.249
0.402 0.325
0.338 0.698
-1.177 0.999
-0.426 0.510
3.442*** 0.453
4.641*** 0.725
-3.837*** 0.383
-2.847** 1.229
-5.511 0.771
-0.716 0.988
6645f-2843-89]
4735[-2157661
66451-4235601
N 11Tg 1 .ikPlihnndl
Note: Average per locality household expenditure on child care is used as a proxy
0.723*** 0.169
-0.803 0.212

1.403
0.711
0.843
0.807
0.620
0.769
0.459
0.496
0.823

0.119
0.147
3.303
1.026
0.747
0.728
0.130
0.761

0.018 0.764
1.295 0.936
0.006 0.276
0.182 0.074
0.363** 0.190
0.457*** 0.204
0.382** 0.154
0.174 0.439
0.488 0.328
0.010 0.545
0.143 0.475
-1.671 0.632
6645[-24402961

for cost of child

care.
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Table 6(b): Simultaneous estimation of the system of household demand equations

Log of mother's wage
Log of other's wage
Cost of child care

Children
Mother's
in ECD centers
work status
Coeff. Std. err. Coeff. Std. err.
7.637** 3.344
4.936** 1.655
0.403 0.281
0.193 0.194
-0.886* 0.536
-3.229*** 0.401

Other household
Children
members' work
at school
Coeff. Std. err. Coeff. Std. err.
3.118 5.411
-0.096 3.199
0.221 0.335
8.006*** 1.304
0.065 0.472
-1.721** 0.613

Householdcharacteristics
-0.955 5.119
Household size
Number of children 0-2
-0.079 1.004
# children 3-5
1.137 1.004
#of children6-7
-0.036 1.000
# of children 8-12
-0.223 0.895
# of children 13-16
0.075 0.904
-0.172 0.774
Share of adult males
Share of adult females
-0.007 0.713
Share of elderly
-0.829 1.107
Share of children
Single mother household 0.696*** 0.234
Single mother and other 0.507** 0.284
Nuclear family household
Nuclear family and other
0.167 0.151
Other types of households
0.187 0.187
0.065 2.205
Nonwage household income
2.750 3.724
Nonwage household income
-3.187* 2.044
Age of household head
2.350 2.011
Age of head squared* 100
Gender of household head -0.845*** 0.224
Education of household head 6.277*** 1.378

7.824**
-1.623**
-0.567
3.242***
-1.700**
-1.659*
-1.557**
-1.436**
-1.100

3.657
9.805
-2.294**
0.700
0.674
-1.075
0.691
-0.662
0.632
-3.812**
0.654 -4.197***
0.569
-0.404
0.511
-0.441
0.015
0.829
Reference
0.168
-0.230
0.200
-0.339
Reference
0.097
-0.082
0.134
-0.113
10.288*
1.811
6.739*
2.155
1.399
-0.607
1.461
0.042
0.131
-0.441**
0.814 12.254***

8.025
1.389
1.343
1.377
1.365
1.296
1.218
1.185
1.734

3.260
2.937 2.148
Mother's age 1.404*** 0.377
Mother's age squared -1.564*** 0.459
-2.144 2.719
-0.795
Reference
No formal education
Preschool education
0.493 0.391
0.539** 0.277
1.820**
0.120 0.092
1.106***
Standard 1-8
0.090 0.157
Cert. of primary education 0.372** 0.179
0.197** 0.102
1.515***
Junior secondary education
0.469* 0.268
0.018 0.145
1.474**
Cert. of secondary education
0.039 0.356
-0.014 0.196
0.624
Trade test certificate
-0.447 0.628
-0.386 0.373
0.356
1.151
0.710 0.548
-0.231 0.311
Other postsecondary educ.
University and above
-0.747 0.925
-1.275** 0.565
1.068
8.411***
5.470*** 0.598
Mean salary in the district -3.061*** 1.010
Constant
0.104 1.854 -6.137*** 1.033 -10.744***
6645 [-11327.741
N [Log Likelihood]

4.476
5.409

0.070
0.116
0.200**
0.016
1.262
2.179
-2.053
0.906
0.015
2.452***

5.754
1.527*
1.008
-1.544*
-0.538
-0.207
1.054
1.274*
1.781*

4.905
0.939
0.907
0.935
0.860
0.865
0.726
0.687
0.994

0.262
0.338

-1.628*** 0.220
-1.708*** 0.256

0.165
0.205
6.604
3.256
2.234
2.159
0.214
1.772

0.479***
0.394**
8.905**
-0.046
1.680
-3.333**
-0.022
1.571

0.150

0.166
4.711
3.010
1.710
1.747
0.160
1.324

Characteristicsof the mother

0.605
0.297
0.328
0.506
0.612
1.004
0.904
1.725
1.487
3.200

1.867 2.760
-0.684 3.470
-0.003
0.248
0.495***
0.570**
0.436
0.010
0.609
-0.318
-0.256
0.832

0.340
0.159
0.177
0.262
0.375
0.607
0.620
0.869
0.633
1.863

Note:Averageper localityhouseholdexpenditureon childcareis usedas a proxyfor cost of child
care.
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Table 7: Simulationof the effectsof variouspolicies on thehouseholdbehavior(SPFIMLestimation)
Simulatedprobability
Increaseby 10%

Mother's

Children

Children

Otherhousehold

work status

in ECD centers

at school

members' work

Baseline

53.1()

17.2()

64.3

75.5

Baseline
+ 10%

62.3(*)

24.9(*)

67.3

76.4

1.48

3.09

0.45

0.12

Baseline

52.9(*)

17.7()

63.5(*)

75.5

Baseline

51.1(')

13.6(*)

61.3(*)

75.6

-0.35

-3.01

-0.36

0.01

Baseline

52.9

17.8

63.5

75.5

Fully
subsidized

63.2

78.7

77.5

74.9

Other household

Baseline

52.9

17.7

63.8°*

70.5°'

members' wage

Baseline

53.3

17.9

64.1(*)

80.4("

0.05

1.23

Mother's wage
rate

Elasticity
Cost of child care
+ 10%

Elasticity
Cost of child care

+ 10%

Elaticiy

0.08

.011

Note:° meansthat the correspondingestimatedcoefficientis significantwith at least90% probability.
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Table 8: Simulation of the effects of various household characteristics on household behavior
(SPFIML estimation)
Simulated probability

Household
nonwage income

Mother's
work status

Children
in ECD centers

Baseline

52.9

17.7

63.8(*)

75.61*

Baseline
+ 10%

53

17.7

63.9( )

75.6("

0Q2

0.00

0.02
A

:f A0.00

Singlemother

65.3( )

19.3

60.9

46.6(7

Allother

51.3(')

17.4

64.3

77.6(*

Baseline

53.1( )

17.4()

67.1(*)

75.9

Baseline+ 1

54.3(')

68.9( )

76.2

ElIJiy

Household type
Education of
household head

17.9(*)
: . .

Elasticity
Household size

f

S . 08

0.22

:

Children
at school

.

Other household
members' work

0

0.2
0.0;

0,04

Baseline

53.0

17.9

62.1

75.6

Baseline
+1

52.4

19.5

63.5

75.6

E0.22

0 00

Note: ° means that the corresponding estimated coefficient is significant with at least 90% probability.
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Table 9: Simulation of the effects of various policies on children schooling (SPFIML estimation)
Simulatedprobabilityof a household'shaving
all its childrenin school
Increaseby 10%

Mother'swage
rate

Girls
8-16yearsold

Boys
8-16years old

Allchildren
in school

Baseline

67.3(')

75.5(')

64.3

Baseline
+ 10%

58.5()

86.5()

67.3

-1.S

1,27

0.4'

Baseline

68.1(')

70.2

63.5()

Baseline
+ 10%/o

64.8()

70.3

61.3()

-0.51

0`01

-0.36

68.7

70.3

63.8

70.0

70.7

64.1

0.()6

0,,

Elasticity
Costof child
care
Elasticity
Otherhousehold Baseline
members' wage

Bsln

0

member
Baseline+
e IO%
Elasticit

a

9

-

Note:(')meansthat the correspondingestimatedcoefficientis significantwith at least900/O
probability.
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Table 10: Simulation of the effects of various policies on children schooling (SPFIML estimation)
Simulated probability ofa household's having
its children in ECD programn
Girls
3-6 years old

Boys
3-6 years old

Either children
in ECD program

Baseline

13.9

13.7

17.2('

Baseline + 10%

23.2

18.3

24.9('

4.RJ
ffO

;01f
2z5V

3.09

Baseline

14.1

14.1

17.7°')

Baseline + 10%

10.4

10.9

13.6°*

-3.42

-402.93

. 3.

Baseline

14.2

14.1

17.9

Baseline + 10%

13.9

14.5

19.5

Increase by 10%

Mother's wage
rate

Elasticity

0

Cost of child
care

Elasticity

__

Other household
members' wage

Note: ° means that the corresponding estimated coefficient is significant with at least 90% probability.
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Appendix
In the SPFIMLestimationthe followingfunctionalforms were assumed in estimatingthe probability
weights Pk, Pi, and P,,, and the points of support for factors VI, V2, and V 3 :
exp(bmn) _ n=1,...,N-1

P..
1+
Vmn

=exp(amn

P.in =

exp(bm)
)

1
1+

n

=2,...,

N -

I

Vm.= O;

exp(bmn)
VmN

l

1 + exp(amn)
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Table Al: Simultaneousestimation of the system of household demand equations
Children
Children
Mother's
at school
in ECD centers
work status
Coeff. Std. err. Coeff. Std. err. Coeff. Std. err.
0.080 9.558
0.693 2.477
Log of mother's wage 30.685*** 11.010
0.261
0.798 0.639
0.666
0.406
0.692
Log of others' wage
-0.607 0.443
-0.111 0.260
-3.517 4.806
Cost of child care
Household characteristics
8.957* 5.429
13.333 14.303
Household size -23.916 34.559
-2.292 1.209
-3.449 2.888
1.816 8.520
Number of children 0-2
-0.852 2.097
-0.606 0.847
5.732 7.437
# children 3-5
5.046 6938
3.377** 1.164
-2.583 2.677
#of children 6-7
-4.025 3.206
-2.031* 0.997
2.591 6.793
#ofchildren8-12
#ofchildren 13-16
3.764 5.100
-2.008* 1.070
-5.517 3.842
-1.814 1.854
-2.150 0.977
1.316 5.508
Share of adult males
Share of adult females
2.600 4.521
-1.560 0.813
-0.708 1.677
-1.641 2.380
2.154 7.285
-1.861 1.266
Share of elderly
Reference
Share of children
0.163 0.607
0.116 0.229
-0.265 0.639
Single mother household
0.262
-0.488 0.878
and
other
-1.142
0.882
0.014
Single mother
Reference
Nuclear family household
0.087 0.251
0.134 0.130
-0.046 0.510
Nuclear family and other
-0.668 0.552
-0.282 0.195
-0.005 0.612
Other types of households
7.594 5.987
8.894 11.715
Nonwage household income 18.600* 9.573
2.295 2.393
1.265 5.234
-2.705 6115
Nonwage household income
-1.864 1.947
3.771 3.486
Age of household head
-6.793 7.372
-3.883 3.283
Age of head squared*100
2.298 6525
0.957 1.958
-0.353 0.528
0.033 0.188
Gender of household head -2.256** 1.148
6.015* 3.481
1.863* 1.095
10.118 6325
Education of household head
Characteristics of the mother
-1.426 8.606
Mother's age 33.105** 11.387
6.430* 3.778
Mother's age squared -35.860** 13.369
-7.265* 4.520
2.876 11.081
Reference
No fonnal education
1.353 1.114
1.002 1.154
0.396 0.333
Preschool education
0.750** 0.374
Standard 1-8
-0.700 0.609
0.207 0.161
1.105*** 0.422
0.469* 0.244
0.139 0.491
Cert. of primary education
1.035 0.663
0.293 0.255
-0.553 0.726
Junior secondary education
0.033 0.932
0.415 0.350
-1.854* 1.018
Cert. of secondary education
-1.261 1.851
-3.651 3.446
0.091 0.554
Trade test certificate
1.387 1.108
0.259 0.514
-0.686 1.861
Other postsecondary educ.
-0.616 2.613
-0.100 0.741
University and above -4.495** 2.200
7.713 5.908
-8.364* 4.402
2.888** 1.108
Mean salary in the district
Constant -15.295** 7.269
-4.485*** 1.396
-8.535 9.424
N [Log Likelihood]
3846 [-6777.1 11
Note: Average per locality quality adjusted cost of child care is used as a proxy for

Other household
members' work
Coeff. Std. err.
-2.332 5.651
5.544 6045
1.497*** 0.322
13.736**
-0.285
-0.056
-2.660**
-1.792
-1.821*
-0.107
-0.278
0.907

7.264
1.352
1.330
1.267
1.191

1.116
0.955
1.064
1.652

-2.162*** 0.324
-2.185*** 0.375
0.270**
0.468
1.630
-2.422**

0.196
0.204
7.872
1.160
-1.755 2.341
-0.608 2.265
-0.298 0.206
0.353 4.250

7.050** 3.535
-6.406 4.331
0.078
0.269
0.561**
0.516
0.661
-0.082
1.119
-0.019
1.450
1.368

0.352
0.225
0.256
0.507
0.691
1.053
0.933
1.454
0.876
2.861

cost of child care.
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Table A2: Simulationofthe effectsof various policies on the householdbehavior(independentprobit
estimations)
Simulated probability
Increase by 10%

Mother's
wage rate

Mother's
work status

Children
in ECD centers

Children
at school

Other household
members' work

Baseline

53.2(')

17.2(')

64.1

75.4

Baseline+ 10%

62.7(*)

25.4(*)

65.6

74.5

1.52

3.23

0.23

-0.12

Baseline

53.1(

17.7(*l

63.5(*)

75.5

Baseline+ 10%

51.8(*)

13.7(*)

60.7(')

75.4

-0.25

-2.92

-0.46

-0.01

Baseline

53.1('-

17.7("

63.5( )

75.5

Fullysubsidized

65.1( )

77.1(')

86.3(*)

76.5

Baseline

53.0

17.6

64.0

75.7(*)

Baseline+ 10%

53.5

17.8

64.6

79.8

0.09

0.11

0.09

Elasticity
Cost of
child care
Elasticity
Cost of
child care
Other
household
members
wage
.lasticity

0.51

Note: (*)means that the corresponding estimated coefficient is significant with at least 90%
probability.
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