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Abstract

Many empirical and theoretical studies explore the effects of ex-ante risk and ex-
post shocks on child education. While scholars share the opinion that shocks reduce
investment in education, there is no general agreement over the effects of uncertainty
on child schooling. This work uses the Indonesian Family Life Survey to explore the
effects of ex-ante risk and ex-post shocks on school progression in rural Indonesia.
We develop a model of household school transition decisions from elementary to
junior education and from junior to senior school considering different sources of
uncertainty related both to parental and adult income, and under the assumption that
withdrawal from school is permanent. In this way, temporary interruptions in child
schooling have long term impacts on the child human capital. We show that there is
no simple answer to the question of how uncertainty affects schooling decisions.
Econometric results suggest that uncertainty about parental income for the time the
child may be potentially at school increases the probability of attending junior school
while uncertainty about expected earnings from education has a negative and
significant effect only for senior school attendance. Finally, positive (negative)

income shocks increase (decrease) the probability of attending junior school.
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1. INTRODUCTION AND LITERATURE REVIEW

In developing countries where incomes are volatile and on average low and
financial and insurance markets are incomplete (Townsend, 1994; Morduch, 1990),
shocks, whether ex ante risk or ex post, may have a large impact on child labour and
child education. Many papers support the idea that, in poor countries, child time
allocation may be used as a strategy to both insure ex ante against risk and to cope ex
post with negative hardships in the face of incomplete insurance markets and credit
constraints (Jacoby and Skoufias, 1997; Beegle et al., 2006; Baland and Robinson,
2000; Ranjan, 2001). Children may be used as a buffer against shocks, or they may
be sent to work to earn money and support the family. Children may work as part-
time family workers, helping their parents at home and in the fields. If necessary,
children will drop out of school to save the costs of schooling and contribute
additional labour.

Many empirical and theoretical studies analyze the extent to which child time
allocation provides a means to cope ex post with shocks. Most of the literature finds
evidence that transitory income shocks reduce child schooling and increase child
labour (Sawada and Lokshin, 2001; Sawada, 2003; Jensen (2000); Thomas et al.,
2004; Duryea et al., 2007, Gubert and Robilliard, 2008). Some works underline the
role played by incomplete financial markets and credit rationing in determining child
schooling decisions in the face of income shocks (Jacoby and Skoufias, 1997;
Guarcello et al., 2003; Beegle, Dehejia, and Gatti, 2003 and 2006").

Another strand of literature examines how ex ante risk affects education decisions.
While many studies share the opinion that shocks reduce investment in education,
there is no general agreement over the effects of uncertainty on child schooling.
Kazianga (2005) shows that child time may be used as an ex ante measure to
diversify risk in an uncertain environment. He finds that the less well developed are
other formal or informal insurance mechanisms, the more is child labour used.
Maitra et al. (2006) show that, in India, children serve as a buffer to deal with the
uncertainty created by the labour market: they are neither sent to work nor sent to

school, but instead kept idle. Fitzsimons (2007) finds evidence that, in Indonesia,

' Beegle, Dehejia, and Gatti (2003, 2006) find that in Tanzania households with durable assets can
mitigate the negative effects of crop shocks on child labour.



aggregate village components of risk negatively affect children education®. Jalan and
Ravallion (2001) find that risk increases child schooling in rural China. Guarcello,
Rosati and Scaramozzino (2008) show that in Brazil increased uncertainty about
labour market outcomes is associated with higher levels of schooling, consistent with
a real options approach to education as an investment. Similarly, Hogan and Walker
(2007) find that people spend more time in school when returns to education are
uncertain.

The use of child time as a risk management strategy, both ex ante and ex post,
may have long run consequences. Children who are withdrawn from school may not
be able to restart school or recover the educational gap: in this way temporary
schooling interruptions have lasting impacts. Guarcello et al. (2003) and Duryea et
al. (2007) point out the potential long-term consequences of short term shocks for
children’s human capital. However, few papers propose a theoretical treatment of
child schooling choices in the presence of risk taking into account the irreversibility
or state dependence of school attendance. De Janvry et al. (2006) develop a model of
child schooling decisions in the face of income shocks with a re-entry cost as an
additional cost of schooling. This allows them to consider the dependence of child
enrollment on previous schooling decisions”.

We develop a model of parental decisions with regard to child schooling
considering withdrawal from school as an absorbing state, that is children cannot re-
enroll once they stop going to school. In this way, temporary interruptions in child
schooling have long term impacts on the child human capital. This paper analyzes
the role that both ex ante risk and ex post shocks play in determining child education,
differentiating by school levels. We consider different sources of uncertainty related
both to parental and adult income.

Given irreversibility of withdrawal from school, we find that in the face of

parental income variability over the time the child may potentially be at school

2 Whereas households are able to insure themselves against idiosyncratic risk without reducing child
schooling.

3 Using Mexican data, De Janvry et al. (2006) find evidence that shocks force children to drop out of
school with long run effects on children’s human capital given the state dependence of school
attendance. They find that this state dependence is higher in secondary than in primary school,
suggesting that school attendance is more flexible for children at the elementary than at the secondary
level.



parents are more likely to send children to elementary school in the current period to
give them the option to continue with higher schooling levels in the future (and
hence earn higher earnings when they become adults). A positive/negative shock
increases/decreases the probability of attending school for junior education.

As regard the effect of uncertainty of returns to education, conditional on having
completed a given school level, the paper suggests that income risk reduces the
incentive to enrol at senior school.

This paper analyzes the progression decisions from one education level to another
(in particular, from elementary to junior secondary school, and from junior to senior
school) using the Indonesian Family Life Survey. The focus on school transitions has
been suggested by the fact that returns to education largely result from achieving a
certain qualification, e.g. high school graduation, rather than from the actual time
passed in schooling. Moreover, there are high drop out rates in Indonesia after
graduation, and in particular after the completion of the primary level.

The paper is organized as follows. The theoretical model is presented in section II.
Section III presents some evidence on child schooling in Indonesia and descriptive
analyses of the data. Section IV discusses the empirical methodology and section V

summarizes the results. Section VI concludes.

2. THE THEORETICAL MODEL

We set out a model which allows exploration of the effects of income uncertainty
on school transition decisions. We focus on transition because the returns to
education largely result from achieving a certain qualification, e.g. high school
graduation, rather than from the actual time passed in schooling. The result is that,
although in a small proportion of instances, schooling is terminated between
transitions, most terminations occur at transition points (as shown in the next
paragraph). We consider two sequential transitions — from elementary education
(where attendance is compulsory) to junior education and from junior to senior
education.

Irreversibility is an important feature of the education process — once a child has

quit school, it is difficult to resume. We simplify by assuming complete



irreversibility so that quitting is permanent. This has the implication that, in deciding
whether to enrol a child in junior school, a family must take into the account that
termination of the child’s education at this initial transition point will preclude the
possibility of his/her attending secondary school. The family therefore needs to
anticipate the second transition decision at the time they make the decision with
regard to the initial transition. Effectively, the family must solve a dynamic
programming problem.

The other important feature of our model is that we see education as allowing
children to realize their latent ability. We model the expected returns to senior
education as depending on their ability (where ability is to be interpreted as earning
ability). We suppose that families observe the earning ability of their children and
take schooling decisions on the basis of this knowledge. For the economist, ability is
unobserved and all children appear equal. By contrast, the child’s earnings if s/he
quits prior to senior school will not reflect ability. This feature of our model
reinforces the need for anticipation at the initial transition since a high ability child
may benefit rather little, in earnings terms, from attending junior school but needs to
make this investment to be in a position to attend senior school.

Our model takes the family as the decision unit and supposes that all sources of
income are aggregated within the family. Importantly, the child remains within the
family when adult. In this framework, a principal benefit of education to the family is
that of income diversification. If instead we were to take the opposite, individualistic,
polar case of supposing that the child, once adult, becomes a separate unit with its
own utility function, and that there are no inter-generational transfers, this benefit
would disappear. We take the view that, in many developing countries the family

perspective is more realistic than the individualistic alternative.



The analysis is based on a set of incomes and schooling costs set out in Table 1.

Table 1
Incomes and Schooling Costs
No post- A
. + +
Period elementary school Elementary Element_ary Juniot
. junior school + senior school
education
1 v, =y"+
Parents’ ) — Py
income V=YY
3 Vi =y" v
) 1 W1 0 0
.Chlld s 2 w2 X, =w, +&, 0
income
3 w3 X, =w; +8; z;=wy;+&,+C; +a
School 1 0 )% )%
cost 2 0 0 q

We take permanent income )" as constant and known by the family. We suppose
that the transitory components of parental incomes, v, and v; are unknown until the
start of the period, have zero expected value and are independent of schooling
decisions. We suppose that additional schooling cannot reduce the child’s future

earnings, 1.e. &,,&;,C, 20. For analytic simplicity, we suppose &, to be known at the

start of period 1, but that the incremental adult incomes &; and {3 are not revealed
until period 3. We regard education to senior school level as allowing children to
capture a latent earning ability a, which we regard as observed by the family but not
the economist. For simplicity, we take school costs as known. For analytic
tractability, we take wi, wy, ws, &2, p and ¢ to be constant across the population.
Although we model the financial costs of schooling as independent of income
level, the utility costs are declining in income — a poor family needs to make a
greater sacrifice to maintain a child in school than does a comparable but richer

family. This observation motivates definition of two functions which play a pivotal

role in the analysis. The function u(a, v’ ) defines the threshold level of the parents’

period 1 income y; such that, for a child of earning ability a and from a family with

permanent income )", the child is enrolled in junior school for incomes y, > },t(a, v )

and not enrolled for lower incomes. Similarly the function k(a,y")deﬁnes the



threshold level of the parents’ period 2 income y, such that, for a child of earning
ability a and from a family with permanent income )" and conditional on the child

having attended junior school, the child is enrolled in senior school for incomes

Yy, = X(a, yr ) and not enrolled for lower incomes.

Figure 1: The function A(a,)")
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The functions u(a, v ) and k(a, v’ ) may be seen as the outcome of balancing

the costs of education, which depend on current parental income, with the benefits,

which depend on the child’s earning ability. This is illustrated in Figure 1 for the

function k(a, v’ ) for a particular value of )*. The north-west quadrant of the figure
shows the cost function C(y, ). Costs are falling in income so C'(y,) <0 and, under

assumptions which are made explicit in the appendix A, C "( y2)>0 so that the



function is convex. The south-east quadrant of the figure shows the benefit function

GB(a,y”)
oa

B(a, yr ) which is rising in ability, > (0. The 45° line in the south-west

quadrant gives the equality B (a, v’ )= C ( yz) mapping out the function
Vs :k(a,y”) in the north-east quadrant. A similar diagram is available for the

function p(a,y”) .

Because period 2 income is not known at the time of the period 1 junior school
enrolment decision, and because the underlying distribution is that of transitory

income v,, the analysis of that decision proceeds in terms of the function

n(a, 7 ) = k(a, v ) —y” which defines the senior school enrolment threshold and in

terms of the family’s period 2 transitory income v,. The child is enrolled in senior

school for incomes v, > n(a, yr ) and not enrolled for lower incomes.

Given these functions, the proportion of children enrolling at each school level is
obtained as the complement of the appropriate income distribution integrated over
ability and permanent income. Within this structure, the effects of income
uncertainty are more complicated than has been previously appreciated. At the time
of the initial transition (elementary to junior school) there are four possible sources
of income uncertainty.

a) uncertainty about the parents’ transitory income v, at the time the child could
be attending senior school;

b) uncertainty about the child’s incremental income &, as adult, conditional on

non-attendance of senior school;

¢) uncertainty about the child’s incremental income , as adult, conditional on

attendance of senior school; and

d) uncertainty about the parents’ transitory income vs; once the child has become

adult.

At the time of the second transition (junior to senior school) the first source of
uncertainty has been resolved, but the final three remain. It follows that, in this

model, there are seven potential effects of uncertainty on schooling.



In what follows, we analyze the impact of increases in uncertainty in each of the
five income variables through the mean-preserving spread technique. The signs of
these effects depend crucially on the distributional assumptions. We analyze the
simplest possible case in which the distributions of all five income variables are
independent. In practice, these variables are likely to be correlated to varying
degrees. While acknowledgement of this possibility would increase realism, it would
also complicate the analysis of the separate routes by which uncertainty affects
school transition decisions, which is the objective of this study. The results of these
analyses are tabulated in Table 2. Appendix A presents a detailed description of the

theoretical model and derives the results.

Table 2
Predicted Effects of Uncertainty on School Enrolment
1§ & G Vs
Progression to junior school ? ? — +
Progression to senior school n.a. + — +

The effects summarized in Table 2 are all behavioural in the sense that uncertainty
with respect to future incomes affects the educational choices that families make.
These effects should be distinguished from the aggregation effects of income
variability. If period 1 income variability changes, a larger or smaller proportion of

families may find that their period 1 incomes exceed the school enrolment threshold

p(a,y” ) Similarly, if period 2 income variability changes, a larger or smaller

proportion of families may find that their period 2 incomes exceed the school

enrolment threshold X(a, v’ ) These are aggregation, not behavioural effects — a

particular family’s educational choice decisions are unaffected by the situations in
which other families find themselves. It is not possible to sign these aggregation
effects a priori.

To obtain estimable functions, we need to make linear approximations to the
model. This approximation considers only first order effects, and eliminate those
effects that rely on assumptions about the second and third derivatives of the utility

function.



Making these assumptions, the equation for senior school shows that the child will

be enrolled if (see Appendix A):

l_pJ’hz)_}_yz B
da,, = (xhz + qh)ﬁ_SCM +%SPJ’:GiQ
l_pyh _y
i
v - R
= (l_p%J(x“ +Qh)_6Ch3 +%Spyifcic =da,
2

Similarly, the child will attend junior school if (see Appendix A):

Yda, = Y(l_kpchz)(% T Wiy +éh2)_"/6(zh3 _%pyifcic)
1 _
_H|:’Y(&h2 +8(&113 —%nyﬁﬁg)){l—P@J(Wm TP ):|
% N

According to these equations, period two and one income shocks (v,, and v,,)

(interacted with the cost of schooling) increase the probability of attending senior
and junior school respectively. As regard the effects of the different sources of risk

on schooling decisions, they are the following:

Table 3
Predicted Effects of Uncertainty on School Enrolment — Linear
approximation
Y2 &3 G
+ + -
Progression  to  (interacted with the (interacted with  (interacted with
Junior school total cost of senior permanent permanent
school) income) income)
Progression to na (interacted with
senior school o permanent

income)




3. DATA - EVIDENCE ON CHILD SCHOOLING IN INDONESIA

We exploit the role of risk on school progression in rural Indonesia using the
Indonesian Family Life Survey (mainly the 1993 round)’. A large amount of
information on household economic conditions (income sources, consumption, types
of assets), and household and individual characteristics were collected in this survey,
as well as education data for all household members.

As shown in Table 4, the Indonesian schooling system in 1993 consisted of four
levels: elementary (compulsory), junior secondary school, senior secondary school
and higher education. The public sector provided the greater part of the education
services, and compulsory education was free. However, there was a strong private

education sector as well.

Table 4
The Indonesian schooling system in 1993

Year Age
Elementary school a
(compulsory from 1984) 1-6 7-12
Junior secondary school 7-9 13-15
Senior secondary school 10-12 16-18
Higher education >12 >18

The table sets out the structure of the Indonesian schooling system.
Source: American Institutes for Research (2002).
* 6 years olds can also be admitted

Since the early 1980’s Indonesian government has made a major effort to achieve
the goal of universal elementary education, improving both the quantity and quality
of education. These policies were largely successful in improving primary
educational levels5, but the continuation rate from primary to junior secondary
school remains low. This have been seen as causes of adult illiteracy and reliance on

child labour (Manning, 2000)°.

* Individual sampling weights are used for the descriptive analysis.
> IFLS data show that in 1993 the net enrolment ratio (enrolled children in the age group 7-12/ total #
of children in the age group 7-12) for elementary school is 87%, while the gross enrolment ratio
(enrolled children/total # of children in the age group 7-12) is 97%.
A new policy was thus required to achieve universal education, and in 1994 compulsory basic
education was increased to nine years: six years of primary education (for ages 7-12) and three years

10



To better describe this issue, Table 5 shows the distribution of out-of-school
children, who have at some time been to school, according to the number of
schooling years completed. We focus on the sample of children and young adults
aged 7-17, since most children start school at age 7, and only a few individuals are at
school after age 17. More than half of out-of-school children aged 7-17 years, and
who have at some time been to school, completed 6 years of schooling, i.e. they left
school after graduation from primary level.

School progression rates at different educational stage can be further analyzed
estimating the conditional survival function. Here we follow the procedure of
Sawada and Lokshin (2007). Let ng denote the number of children who have
completed education at least at stage k-1 (the set is not right-censored at education
level k-1). Among these ni students, define as hy the number of children who have
completed education at least at level k, so that hy= ny;;. Then hy/ng is the fraction of
students who progressed to a higher stage of education, conditional on having
completed stage k-1; this is an estimate of the conditional survival probability at
education level k. Results suggest that in 1993 the probability of continuation after
the completion of the elementary school in rural Indonesia was 65%’, and the
probability of continuation to senior secondary school was 73%.

These results show that the largest loss occur after the graduation from the
elementary level, and justify the focus on the schooling decisions made at the
transition points, and in particular on school progression at the point of the

graduation from the primary level.

of junior secondary education (ages 13-15). As a result of the 1994 law, continuation rates from
primary to junior secondary rose to nearly 72% in 1999-2000, and the net enrolment ratio at junior
secondary school increased from 42% in 1992 to 62% in 2002, although with significant differences
between rural and urban areas (lower in rural areas) and between poor and rich households.
7 Manning (2000) and UNDP (2004) reported a continuation rate close to 62% in 1993/94.
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Table 5
Distribution of out-of-school children according to
schooling years completed and gender

Number of Male Female Male and

School level years 0 9 ?
completed (%) (%) Jemale (7)

Elementary — not <6 289 26.9 27.6

completed

Elementary - 6 589 62.1 60.5

completed

Junior secondary 7.8 43 23 3.4

—not completed

Junior secondary 9 79 82 8.0

- completed

Senior secondary >9 0.7 0.5 0.6
0T 100 100 100

The table reports the distribution of out-of-school children,
who have at some time been to school, according to number
of schooling years completed. Percentages are computed
using individual sampling weights and on the sub-sample of
children 7-17 years old that are not at school but have at some
time been to school

4. EMPIRICAL STRATEGY

The theoretical analysis discussed in section 2 shows that income uncertainty is a
key determinant of the schooling decisions. There are several different possible
sources of uncertainty each with different effects on enrolment choices. For this
reason, there cannot be a simple answer to the question of how uncertainty affects
child education. We reflect the conclusions of the theoretical model by constructing
an empirical model which includes the ex ante perceived variance both of parental
incomes while the child remains at school and of the child’s income as adult, and
also takes into account income shocks (i.e. ex post outcomes).

An important feature of our model is that education allows children to realize their
latent ability. Ability is unobserved by the investigator, and therefore household

decisions become stochastic from the point of view of the economist.

12



4.1. Measures of income shocks and uncertainty
Income shocks

An income shock at time ¢ is the difference between the actual household income

y, at time ¢ and the household’s permanent income y, defined as expected

household income, given all the information available at time #: v,, = y,, — y, ,
Permanent income is inferred from an estimated equation (Cameron and
Worswick, 2003)
Vi =0 Xy 8y, (1)
where X, is a vector of household characteristics at time ¢ Results are reported

in table B.1 (Appendix B).

Uncertainty of parental period two income

Uncertainty about parents’ transitory income v,, is measured as variance of

period 2 income conditional on all the information available at time 1. A two stage
procedure is used. We first regress future household income on current household
characteristics:
Vi, =0'X, +¢g,, (2)
where =2 corresponds to 1997 and =1 to 1993. The four year gap is appropriate
in that junior secondary school lasts three years. At the second stage, we regress the

logarithm of the squared predicted residuals (In£;) on a constant and all first

moments, second moments and cross products of the original regressors:
kk
Ing; =6,+>.>.6,X, +v, 3)
i=l
The exponential of fitted values from equation (3) are the estimates of parental
period two income variability. These estimate supposes households know the
distribution of shocks across the population but does not require them to have

information in period 1 about variables in period 2.
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The child’s expected earnings as adult

Predicted child incomes follow from an income regression for all household
members older than 10 years who report work information. We run separate
regressions for males and females, including educational dummies to estimate returns
to schooling, and allowing the return to education to vary across provinces. The

income equation is

J

Iny, =o,+o,esper, + oczesperl.2 + z ZB_/_pDﬁ * Pp,- +u, 4)

Jj=1 p=1

v

where the dependent variable is log monthly income of individual i, esper and

esper’ are experience and squared experience and P, are provincial dummies. The
equation includes educational dummy variables D, (for elementary, junior

secondary, senior secondary, and high school) which enter the specification
multiplicatively. In the absence of information on actual experience, esper is replaced

by “potential experience”, measured asage, —schooling years, —7 , assuming people

start school at the age of 7. Income is observed only for those who work: we use the
Heckman (1978) procedure to control for sample selection. The coefficients on
education and experience estimated from the income regression (4) are used to

construct predicted earnings by gender, provinces and school level j () (coefficients

from equation (4) are estimated on the sample of all household members older than

10 years that report work information and then used to predict income for the sample

of children).

J

P

Ao A 2 A %

X, = a,esper;, + a,esper; +Z/§’jij P,
p=1

Estimation results are given in appendix C.

Variation of the child’s earnings as adult

Uncertainty about the child’s incremental income as adult is estimated by
regressing the square of predicted residuals from equation (4) on a constant and all
first moments, second moments and cross products of the original regressors in (4).
We estimate two equations: one over the sample of adults graduated from senior

school and the second over the sample of adults that have completed the junior

14



school. The fitted values from these regressions are used to construct the uncertainty
measures appertaining to the child’s incremental income as adult, conditional on

having completed the senior and junior school respectively.

In order to implement the model, we need information on schooling costs. We
infer the cost of different levels of schooling from regressing total household
expenditure for education on the number of children attending each school level
(instrumented using predicted numbers from Poisson models). Appendix D outlines

the econometric execution.

4.2.  Schooling decisions
Making a distributional assumption for the child’s earning ability ap, we may

estimate the equation for the school attendance decision using standard discrete

choice methods. The most straightforward assumption is normality, a, ~ N (5, o’ )

On this basis, we estimate conditional probability of attending school as a probit
model. Children and young adults are divided in two cohorts: children who have
graduated from elementary school and junior secondary graduates. The progression
to junior secondary school is estimated on the first sub-sample, while the
continuation to senior school refers to the second cohort. To better capture the
continuation decisions made at the time of the interview, the samples for the junior
and senior school are restricted to children aged less than 15 years, and less than 18
years respectively®. In those cases in which a household has children in both cohorts

the same income variable will define v,, for the child in the younger cohort and v,,

for the child in the older cohort.

From the probit equation for senior school we estimate the conditional probability

5(6 —7
that the child does not attend senior school, ®, = @[M], where @(.) is the
®

standard normal distribution function. This is estimated for the sample of children

graduated from the junior secondary school, but is applied to the data for children

¥ As previously noted, this paper focuses on the sample of children 7-17 years old.
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graduated from the elementary school, and hence used in modelling the junior

secondary enrolment decision.

5. RESULTS

5.1. Shocks, uncertainty and schooling

Tables 6 and 7 present the empirical results for senior and junior secondary school
enrolment’. Probit models are estimated for the sub-sample of children and young
adults that completed the previous school level'’.

We first comment on the results of the probit model for senior school decisions
(Table 6). This was estimated both including and omitting the schooling cost variable

and its interaction term. Uncertainty about the child’s expected earnings as adult

(Gic), interacted with permanent income, have the expected negative sign, while

period two income shock (vy), interacted with the cost of schooling, has no effect on
senior school participation.

As regard the effects of risk and shocks on junior school, results reported in Table
7 partly confirm the theoretical predictions (given in Table 3). In line with the linear
approximation, the parental income variance for the time the child may be potentially

at school (o,,, interacted with the cost of senior school and multiplied by the

probability of continuing to senior school) has a positive (and statistically significant)
impact on the probability of enrollment. This result confirms the importance of
considering the option value effect: in the face of parental period two income
variability parents are more likely to send children to junior school in the current
period to give them the option to continue with senior school in the future (and hence
earn higher earnings when they become adults).

The variance of child’s income as adult, conditional on attending secondary

school (csiC , interacted with permanent income, and multiplied by the probability of

continuing to senior school), has the predicted negative sign, but it is statistically

? All these regressors predicted by the model are estimates, consequently coefficient standard errors
may be biased (Davidson and MacKinnon, 2004).

' To control for possible sample selection problems we augment the probit models for senior and
junior decisions with the corresponding selection terms calculated from a probit that estimates the
predicted probability of completing the junior and elementary level respectively.
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significant at the 10% level only in the model without the cost of senior school. The

variance of child’s income as adult, conditional on not attending secondary school

(csié , interacted with permanent income) is not statistically significant.

The period 1 income shock (v, interacted with the cost of junior school) has the
predicted positive effect and it is statistically significant at the 10% and 5% level for

the probit model estimated with and without the cost of senior school respectively

5.2. The effects of cost of schooling, predicted earning and other variables

Other determinants of the school enrollment decisions predicted by the theoretical
model are the cost of schooling and the expected returns of education in terms in
earnings. In the empirical specification we discount both expected earning and costs
using a discount factor of & = 0.95 per annum (Zimmerman and Carter, 2003)"".

Table 6 shows that the estimated coefficients for the child’s expected earnings as
adult (ZM) has the expected positive effect on the probability of attending senior

school, and it is statistically significant. However, the coefficient for the total cost of
senior school is estimated as positive (predicted sign negative). Hence we also
estimated the probit model omitting this cost variable and its interaction term (see
columns 4 and 5 of the table).

A number of other explanatory variables are included as controls in the probit
equation for senior school enrolment. The probability of attending senior school
decreases with the number of younger siblings aged 13-15 in the house'?, and if the
spouse of the household head is illiterate'’. As suggested by other papers, we find
that the ownership of a farm decreases the probability that a child is in school,
because this increases the child’s work participation (Cockburn and Dostie, 2007).

Other control variables are the number of good senior schools in the village (a

' Assuming 55-60 years as the retirement age (Leechor, 1996), and in view of the fact that the official
age at which children should complete primary school is 12 years, the length of “rest of life” (period
three) is approximately 37-42 years.

"2 Traditionally the first child drops out school or is not enrolled in school to provide education
opportunities for the younger children. Our results suggest this may be the case. In future work we
propose to introduce a birth order variable.

" The education of the spouse of the head is considered instead of that of mother’s education because
some children do not report to have a mother in the household. In most cases the spouse is the mother
of the child.
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positive and significant effect)'® and the religion of the household (children living in
a Muslim or Christian household are more likely to attend senior school compared to
household with other religions)."

The results reported in Table 7 show that, in line with the model predictions, the
total cost of junior school has a negative impact on the probability of enrollment. The
cost of attending senior school has positive estimated coefficients on the probability
of a child attending school (predicted sign negative), as was the case in the senior
school progression estimates already reported. We also estimate the model without

this cost variable — see Table 7 (columns 4). Expected earnings from junior

(v&,, +y6§h3) and senior school (EM) have the predicted sign, but only the latter

variable is statistically significant at the 10% level in the model without the cost of
senior school.

Among the other control variables, the number of siblings 13-15 years old and 16-
18 years old have a positive and significant effect (the former at the 10% but not at
the 5% level). We remark that at lower levels of schooling, school progression of a
child is positively associated with the number of siblings of the same age or older
(Sawada and Lokshin, 2007), while at higher levels of schooling (see the results of
senior secondary school) the probability that the child attends school decreases with

the number of younger siblings.

" An important issue in determining school attendance is the availability of school facilities. In
Indonesia, lack of schooling infrastructure emerges as a problem at the secondary level: according to
IFLS data in 1993 nearly 65% and 85% of villages did not have a junior or a senior secondary school
respectively, and very few villages had more than one such school. Even when school facilities are
available at a convenient distance, their quality may be inadequate (The PROBE Team, 1999). In 1993
nearly 40% of the junior and senior secondary schools are considered of good quality by the head of
the village.

'3 “Christian” and “Muslim” have similar marginal effects.
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Table 6
Probit model for senior secondary school

Variables Coeff z Coeff z

# of siblings age 13-15 -0.987 -4.08 -0.945 -4.13
Spouse of the head is illiterate* -1.088 -2.83 -1.086 -2.89
Total cost of senior school/1000 0.488 1.81 i i
(xn+ gn)

(th + gh)* vio/1000,000 -0.153 -0.41 - -

L.y (=2zn—xn) 0.022 2.30 0.017 1.80
o}, * permanent income (/1000) ~ -0.138 -1.99  -0.096  -1.40
household owns a farm* -0.829 -2.77 -0.834 -2.88
household religion: islam* 0.663 1.54 0.787 2.05
household religion: cristian* 2.193 2.26 2.330 243
# good senior school in the village 1.497 2.21 1.550 2.38
Selection term -1.342 -3.62 -1.358 -3.79
Intercept 1.519 2.21 2.269 3.81
Pseudo R-squared 0.346 0.318

Log pseudo-likelihood -61.0123 -63.617

N 135

The table reports the results of the probit model for senior school attendance.
Dependent variable is a dummy that equals one if the child is attending
school. The sample is children graduated from the junior school.
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Table 7

Probit model for junior secondary school

Variables Coeff. z Coeff z
Total cost of junior secondary school

(w,, + p, )/100 -0.146 -2.78  -0.103 -2.93
(W + P, ) *v,,/1000,000 0.075 1.69  0.097 2.24
Cost of senior school +w,, + *

(-, /1000 @i+ 5™ 46 .10 - -
(g, + W, +E,,)* 6, *(1-®,)/1000,000 ¢ 580 222 0.948 3.74
Y& + 7085 0.004 0.96 0.003 0.81
Gi& * permanent income/100,000 0.200 0.01 -0.686 -0.00
Ca*(1-,) 0.008 1.00  0.013 1.72
qu *(1-®,) *permanent income/1000 _0.130 -1.12  -0.207 -1.71
# siblings age 13-15 0.496 2.55 0.470 2.44
# siblings age 16-18 0.436 3.22 0.411 3.19
intercept 0.343 1.10 0.159 0.56
Pseudo R-squared 0.11 0.11

Log pseudo-likelihood -190.83 -190.58

N 312

The table reports the results of the probit model for junior secondary decisions.
Dependent variable is a dummy that equals one if the child is attending school.
Sample: children graduated from the elementary school, aged 12-14 years. (1-®, ) is

the probability of continuation to the senior secondary school.

6. CONCLUSIONS

This work uses the Indonesian Family Life Survey to explore the effects of ex-

ante risk and ex-post shocks on child education. We develop a model that takes into

account the irreversibility of withdrawal from school: drop out children cannot re-

enroll, and hence they lose the opportunity to continue to further levels of schooling

and achieve higher earnings when they become adults. In this way, temporary

interruptions in child schooling have long term impacts on the child human capital.
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Various papers have shown the use of child time allocation as a means to cope
with income shocks ex post. Other studies explore how uncertainty affects child
education. In this paper we combine these two streams of literature by examining the
role of ex ante income risk and of ex post income shock occurrence on child
education, and, in particular, on school progression from one school level to another.
We consider the effect of different sources of uncertainty: uncertainty about the
parents’ transitory income at the time the child could be attending school and
uncertainty about the child’s incremental income as adult conditional on attending
different school level. Shocks are the ex post counterpart of ex ante uncertainty, and
relate to parental transitory income.

We have developed a model of household school transition decisions from
elementary education to junior education and from junior to senior school under the
assumptions that there are no savings and borrowing, that children continue to form
part of the household once they become adults, and that withdrawal from school is
permanent. This has the implication that a family needs to anticipate the second
transition decision at the time they make the decision with regard to the initial
transition. The family must solve a dynamic programming problem.

An important feature of our model is that education allows children to realize their
latent ability. We model the expected returns to secondary education as depending on
their ability, and this reinforces the need to anticipate at the initial transition. Ability
is unobserved by the economist.

There is no simple answer to the question of how uncertainty affects schooling
decisions. Our model predicts that income shocks increase the probability of
attending school, uncertainty with respect to the earnings of the adult (ex-child) once
graduated tends to discourage school attendance, while uncertainty with respect to
parents’ income over the time the child may remain at school should increase school
participation. This second effect arises out of irreversibility: in the face of household
income variability parents are more likely to send children to school to give them the
option to continue with higher schooling levels in the future (and hence earn higher
earnings when they become adults).

We estimate school progression by estimating probit models for both junior and

senior secondary school on different cohorts: the sample for junior attendance is

21



those children graduated from the elementary school, aged less than 15 years; the
probit for senior school is estimated on the sample of junior secondary graduates
with aged less than 18 years. Results suggest that uncertainty about parental income
for the time the child may be potentially at school increases the probability of
attending junior school, thus confirming the importance of the option value effect
(the option being that of continuation to senior secondary school). Uncertainty about
expected earnings from education has a negative and significant effect only for
senior school attendance. As regards the ex-post counterpart of uncertainty, we find
that positive/negative shocks increase/decrease the probability of attending junior

school.
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APPENDIX A

We write variables whose values have yet to be revealed with a tilde.

We assume

(Al) Parental incomes are independent of schooling decisions.

(A2) Additional schooling cannot reduce the child’s future earnings, i.e. x, >w,
andz, > x; > w,. These conditions imply &,,&,,,,a>0.

(A3) Family income in each period is given by y, = " +v, (#=1,2,3) where )* is
a constant permanent component and v, (t = 1,2,3) is a transitory
component.

(A4) Independence: We assume &3, C3, vy, v2 and vs are independently distributed
with distribution functions H. (&,), H,(C;), G, (v), G,(v,) and G,(v;)
respectively. &; has support [0,%}, C3, has support [O,q and vy, v, and v;
have common support [v,?] and satisfy E(vj) =0 (/j=12,3). Write
E(§3):g and E(Cs)zz

(A5) Ability a is observed by the family but not the economist. It has finite support

(A6)

[0,&] . Permanent income )" is observed by the family but not directly be the
economist. It has finite support [ Vs j/] Ability and permanent income are
jointly distributed in the population with distribution function < (a, v ) .

The utility function u() has positive first and third and negative second
derivatives, i.e. u'(.)>0, u"(.)<0 and u"(.)>0. The function satisfies

lim, ,,u(m)=-ow and lim, _ u'(m)=0.

m—0

The family’s maximization problem is solved as a dynamic programme. The

household first evaluates the expected decision to attend senior school and then

moves back to the earlier decision with respect to the junior school enrolment

decision conditional on the anticipated senior secondary school decision.

26



Consider the decision to allow a child to continue to senior school conditional on

having completed junior school. The household will do this if
D(a,y”,vz):B(a,yp)—C(y2)20 (A.1)

where'¢

B(“’yp)=6E[“(J73 +53)_“(J73+’~‘3)]
=5E[u(y”+173+w3+é_,3+&3+a)—u(y”+\73+w3+g3)}
and C(y2)=u(y2+x2)—u(y2—6])

0 is the discount rate from period 3 to period 2 and the subscript 2 after the

expectation operator indicates an expectation taken relative to period 2 information.

B(a, yr ) is the expected benefit from attending senior school and C ( yz) is the

expected cost. Note that y, is known at the time this decision is made and therefore,
conditional on the value of current income, does not depend on the family’s

permanent income.

Lemma 1:

For every pair (a,yz)with a 6[0,&] and y, e[z—y,f/+9] there exists a unique
period 2 income y,= k(a,yp) that B(a,yp) =C(1). At income levels
Y, > k(a, y’ ), the family will enroll the child in senior school. At income levels

V, <X(a, y” ), the family will not enroll the child in senior school. The function

8k(a,y”)

oa

0.

<0 and M>

A (a, v ) has derivatives

Proof:

Both B (a, y’ ) and C( yz) are continuous in their arguments. Differentiation of

C(y,) gives

' Since there is no temporal dependence, we do not need to distinguish expectations by
dates,
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C'(yny)=u'(y+x,)-u'(y,-q)<0

(A.2)
Cn()’z): “"(yz +x2)_“"(y2 _Q) >0

where the signs of the derivatives follow from assumption (A6). The same
assumption implies lim,_, C(y,)= and lim _, C(y,)=0. Differentiation of

B(a, yr ) , again in conjunction with assumption (A6), gives

8B(a,yp) o 8zB(a,yp) g

oa oa’
('BB(a,y")<O 82B(a,y”)>0
oy’ a(yp )2

Then B (a, v ) has support [Q,l;] where
QzB(O,j/)zS[Ezu(j/+v3+E3)—E2u(j/+v3+)~c3)]20
b=B(a,y)=8| E(y+¥+2)-Eu(y+%+%)|>b

It follows that for there exists an income y, =k(a, v ) which satisfies

Gk(a,y”) :i 8B(a,y”) -0

B(a,yp) = C (). Differentiation of X(a,yp) gives da C' oa

2

i.e. the higher the child’s ability level the greater the advantage of senior school
education and hence the lower the threshold income below which he will not be

Gk(a,y")_ 1 GB(a,y”)

enrolled in senior school. Similarly,
oy’ c' o’

>0. Although a

family with high permanent income can more easily afford to keep a child at school,
it has less need to do so. (This effect disappears within the individualistic framework,
i.e. when we suppose that the child, once adult, becomes a separate unit with its own

utility function, and that there are no inter-generational transfers).

Comments:

1. The function k(a, »” ) is graphed in Figure 1 for a fixed value of )”. In period 2,

when the family takes the progression decision with respect to senior school, the
family’s period 2 income y, is known. In period 1, when the family must anticipate

that decision, only permanent income ) and the period 2 transient income
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distribution G, (vz) are known. This makes it more natural to work in terms of the

function n(a,y”)= k(a,y”)—y”. It is not possible to sign the derivative

an(a,y”) ~ 8k(a,y”)

W pw —1 a priori although it tends to be negative for reasonable
y vy

values of the parameters. Note that we can express equation (1) as
D(a,y",n(a,y”))zo (A.3)

2. If we were to adopt an individualist approach, the benefit term in equation (A.1)

would become B(a,y”)=08E[v(%)-v(%)] where v() is the child’s utility

function as adult. The parents’ transitory income v; ceases to enter the decision
problem. As a consequence, the threshold A in independent of the family’s
permanent income ),

3. The child will be enrolled in secondary school if period 2 transitory income

satisfies v, 2n(a, v ) Let ©° be the proportion of children in the population of

junior school graduates enrolling in senior school. It follows that
I
y 0

where G, (vz) are the distribution function period 2 transitory income v, and

Tl

j 2 (v,)dF (a,y") yjasz( )dF(a ') (A.4)

F (a, v ) is the joint distribution function of ability @ and permanent income ”.

We now go back one period and consider the decision to attend junior school. If the

child does not attend junior school, family utility is
u(yl+w1)+yElu()72+w2)+y8Elu()73+w3) (A.S)
Instead, if the child continues at school, family utility is
u(y, —p)+E max[yu(jzz +x, )+ y0u( 3y + %), yu (3, —q)+vdu (P, +Z3)] (A.6)
The first set of term on the right hand side of equation (A.6) show the benefits of

attending junior secondary school. The final term gives the value of the option of

29



continuing to senior secondary school. Combining equations (A.6) and (A.7), the

child will be enrolled in junior school if
K(y”)+L(a,y”)—J(yl)20 (A.7)

where J(yl)zu(lerw)—u(yl—p),

the period 1 utility cost of junior school enrolment,

K(y”)zyE[(u(j/z+5c2)—u(j/2+w2))+8(u()73+)?3)—u()73+w3))]

:y[(u(y"+x72+é2+w2)—u(y”+172+w2))+8E(u(y‘”+\73+E3+w3)—u(yp+\73+w3)ﬂ

(A.8)
is the discounted expected net benefit from junior school enrolment supposing that

the child does not proceed to senior school, and

v

o) =18 (0(0a)u (5 ) 8,2 2) 5+ 5 5. )

=y I {(u(y”+\72—q)—u(y”+\72+w2+§2))

o)

+6E[u(y” U+ 8+ wy +a)—u(y” +V, + W, +<§3)]}dG2(\72)
(A.9)
is the discounted expected net benefit from junior school enrolment in the
circumstance that the child proceeds to senior school. (For notational convenience,

we take expectations over period 3 variables but integrate over the distribution
G, (v2 ) of v,). Using equation (A.1), we may write condition (A.9) as
L(a,y")=vE [ D(a,y’.% WG, (%) (A.10)
o)

Note that the period 2 threshold income n(a, y” ) does not depend on any period 2

variables and hence can be evaluated by the family at the start of period 1.

Lemma 2:

For every pair (a, P ) with a €[0,4] and y” € [ ¥ )7] there exists a unique period 1

income y, = p(a,y”) that J(p)= K(y”)+L(a,yP) . At income levels
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v, > },L(a, v’ ), the family will enroll the child in senior school. At income levels

y, < u(a, »” ), the family will not enroll the child in senior school. The function

—8p(a,y”) <0 and —8u(a,y") >0.

n (a v ) has derivatives o o

Proof:

This has the same structure as the proof of Lemma 1. Differentiating J ( yl) ,

dJ(yl)

—u —u'(y, - p)<0.
&, u'(y+w)-u'(y,—p)<

From assumption (A6), lim, , J(y,)=c and lim _ J(y,)=0. Differentiation of

L (a, yr ) with respect to a, using equation (A.10), gives

8L(;’ay —y—E aJ‘ u ypaﬁz)dGz(ﬁz)
:V[lGz(ﬂ(dd‘”))ﬁ[@]YE[D(“,y”,n(a,y”))}gz(n(aay‘”))—an(;;yp)

(A.11)
where g, (vz)is the density of v,. The final term in equation (A.11), which arises

from differentiation of the lower limit of integration in equation (A.10), is equal to

. L . oB(ay")
zero from equation (A.3). The initial term is positive since ———=>0 from
a

8L(a,y”)

Lemma 1 implying >0 as required.

Differentiation of L(a, yr ) with respect to )*, using equation (A.10), gives
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(A.12)
where a final term, equal to zero, as in equation (11), has been omitted. The initial
oB (a, yr )

oy’

term in equation (A.12) is negative since <0 from Lemma 1. The second

('BL(a,y”)
oy’

term is also negative since C'<0 from equation (A.2). Hence <0 as

required.

From these two results, we can infer that L(a, v ) has support [ 1l 0 } where

= ( f/) and [ = ( a, Z)' It follows that for every ability-permanent income pair

(a, yr ) there is a unique period 1 income u(a, yr ) which solves
J(},t):K(y”)+L(a,y”) (A.13)

du(a,y”) _LGL(a,y”)
da ~J' da

Further <0

implying that the higher the child’s ability level a, given the family’s permanent

income )”, the lower the threshold income below which he will not be enrolled in

. L . 0K (a,y")
junior school. It is immediate from equation (7) that R <0. It follows that
y
du(a,y”) 1 6K(yp)+8L(a,y”) 0
dy’ J' oy oy’

implying that the higher is family’s permanent income )*, given the child’s earning
ability, the higher is the threshold income below which he will not be enrolled in

junior school. As in the case of the senior school continuation decision, although a
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family with high permanent income can more easily afford ti keep a child at school,

it has less need to do so.

Comment:

The child will be enrolled in junior school if period 1 transitory income satisfies

P

VIZM(CI, y’ )— y?. Let @ be the proportion of children in the population of

elementary school graduates enrolling in junior school. It follows that

i am(an? )" b a
j I V1 dF a y IIGI( )dF(a h% )
0 v y0

(A.14)

||
I'e q_.<

where G, (vl) are the distribution function period 1 transitory income.

The senior school enrolment decision

We are now in a position to look at the impact of income uncertainty. We start with

the senior school enrolment decision and evaluate the impact of uncertainty with

respect to the period 3 earnings distribution functions H,(&;), H.({;) and

G,(»;) .We first prove a lemma.

Lemma 3:

Consider a set of mean-preserving spreads applied in turn to the distributions of &,

€, and vs3. The derivatives of the mean-preserving spreads on the expected
beneﬁtB(a, yr ) defined in equation (1) with respect to the distributions H, (§3) and

G, (v;) are positive and that with respect to H, (,) is negative.
Proof:

1. First consider a mean-preserving spread C; — C; +6, (§3 —z) where ¢ = E(C;).

Differentiating B (a, vr, Gg) with respect to the spread parameter 6., we obtain
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6B(a,y",9c)

P =6E2 [u'(yp +\73+W3 +%3 +(1+9C)é3 +a—9£)(i3 —z)j|

¢
=8Cov, (u'(yp 7, 4w, + &, +(1+6§)i3 +a—6£),§3 —Z)<O
(A.15)

2. Now consider first a mean-preserving spread &, —>§3+6§(§3—E)

where &, = E(é) .

Differentiating:

0B(a,y",0 o _
(:Tyié)=5E2[u'(y”+\73+w3+(1+9é)§3+(;3+a—9€§) o

(< (7 45+ + (146,), _eg))(g _g)}

There is a complication here that the child’s earning ability ¢ may be too large to
permit linear approximation. We circumvent this problem by bounding the derivative
by taking first order approximations around the two income arguments. By virtue of

the third derivative component of assumption (A6),

~ = > =\ = 1 O0B(a,y".,0
Con(un(y #0108 v -0.8).6 )2t o :

> Cov, (u"(y" +7, +w3+(1+6§)é3 —6£),&)>0

(A.17)
GB(a,y",E)é)
00

Hence >0.

g

3. Consider a mean-preserving spread v; — (1+63)v3. The proof is identical to that

of the mean-preserving spread in &s.

1 aB(a,y",GyB)
5(a+C) 0

Cov, (u"(y” +(1+6,) 7 +w3+é3+a+&3),173)2

V3

> Cov, (u"(y” +(1+65) 7, +w, +E,y” +),\73)>0

(A.18)
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8B(a,yp,93)

3

again using assumption (A6). Hence >0 (This effect disappears if we

adopt the individualistic approach the child’s earnings as adult).

Theorem 1:

Increasing mean-preserving spreads in the distribution H3(§3)0f the child’s

incremental period 3 income &; (i.e. income as adult), conditional on non-enrolment
in senior school, and in the distribution G, ( y3) of the parents’ period 3 income y3,

both increase enrolment in senior school.

Proof:
8B(a, v, Gr)
00,

From Lemma 3, in both cases >0 (r = E_,,3). It follows that

8k(a,yp,9r) 1 8B(a,y”,6r)

o Co) o 0 =8

I

Increases in income uncertainty associated with &; and y; therefore both decrease the
income threshold at which a child will be enrolled in senior school. Since

an(a,y",er) B 8k(a,yp,9r)
o 0

(r=¢3)

I

do 00

dn’ _ —Tjgz (n(a’yp’er))MdF(a,y”) >0 (r = E_,,3)
(A.19)

dG, (vz)

V)

where g, (v,)= is the density of v,. Senior school enrolment rises as

required. However, variability of the parental income y; is irrelevant to the senior
school progression decision if the individualistic approach to the child’s earnings as

adult is appropriate.

Theorem 2:
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An increasing mean-preserving spread in the in the distribution H, (C3)0f the

incremental component of the child’s period 3 income {3 (i.e. income as adult),

conditional on enrolment in senior school, decreases enrolment in senior school.

Proof:

Consider a mean-preserving spread §; — G, +6, (Q —Q*) . The enrolment threshold

n (a, v, GC) is now defined by

C(n(a,y",ec)):B(a,y",eg)
:SEz[u(yp+\73+w3+%3+(1+9C)&3+a—6£)—u(yp+\73+W3+%3)}
8B(a,yp,ec)
eC

an(a,y",eg) _ ak(“’yp’eC) — 1 aB(a’yp’eC) >0 implying that an increase
o0 o]

g C'(yl) 00,

in period 3 income dispersion increases the enrolment threshold for all levels of

From Lemma 3, <0. It follows that

¢

ability a. Hence

s e onla,y”,0
Zlgc = —J'(;[g2 (n(a,y",@C ))T](#CC)dF(a,y”)< 0 (A.20)
Y

Senior school enrolment falls as required.

Comment:

The result set out in Theorem 2 is the standard result that income uncertainty reduces
the incentive to invest. In this case, the relevant income (3 arises directly out of the
investment (school enrolment) decision. The results demonstrated in Theorem 1,
which go in the opposite direction, have a different origin. In these cases, increased
income uncertainty affects the family’s income in the same way irrespective of the
decision to enrol the child in senior school. Uncertainty with respect to the child’s
incremental income &3, conditional on quitting after junior school, reduces the
attractiveness of quitting. Uncertainty with respect to parental income y; reduces the

family’s expected utility. The child’s income as adult compensates for this decline in
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utility following an adverse income shock. This income diversification effect works

to increase senior school enrolment.

The junior school enrolment decision

We now return to period 1 and consider start the junior school enrolment decision

commencing with the impact of uncertainty with respect to the period 3 earnings

distribution functions H,(&,), H,(;) and Gy(y,). We first prove a pair of

lemmas.
Lemma 4:

Consider a set of mean-preserving spreads applied in turn to the distributions of &,

€;, v» and v;. The derivatives of the mean-preserving spreads on the expected
benefit K ( y* ) defined in equation (A.8) with respect to the distribution H, (&, ) is
zero, that with respect to the distribution H, (&,3) is negative and those with respect
to G,(v,) and G, (v;) are positive.

Proof:

1. First consider a mean-preserving spread &, — G, +6, ((,3 —Z) We see from (A.8)

) oK (")
that K ( yr ) is independent of (3. It follows that 0 =0.

&

2. Consider first a mean-preserving spread &, — &, +6§(E_,3 —E) From equation
(A.8),

aK(y”,e&)

S = (v 7+ (140, )E, 4 - 0.E))(E, - B) | <0

3

3. Now consider a mean-preserving spread v, —>(1+63)v3. Again, from equation
(A.9) and using assumption (A6),"’

oK (y".6;)

0. =y6E[(u'(y” +(1+0,) 7 + &, +w, —6£)—u'(y” +(1+65) 7, +w3))\73J>0

17 This derivative is zero in the individualistic case.
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4. Finally, consider a mean-preserving spread v, — (1 + Gz)vz. From equation (A.8)

and using assumption (A6),
oK (y".6,)

P :y[(u'(yp +(1+62)\72+2';2+w2)—u'(y" +(1+62)\72 +w2))172J>0

Lemma 5:

Consider a set of mean-preserving spreads applied in turn to the distributions of &;,

€;, v» and v;. The derivatives of the mean-preserving spreads on the expected
beneﬁtL(a, y* ) defined in equation (A.10) with respect to the distributions H., (&, )
and G,(v;) are positive, that with respect to H,(C;) is negative and that with

respect to G, (v, ) cannot be signed a priori.
Proof:

1. First consider a mean-preserving spread C, — +9C(§3 —z) Using equation

(10), differentiation of L(a, y",@c) with respect to the spread parameter 6., we

obtain
oL(a,y".6,) o aD(a,y”,ﬁz,eg)dG 0.)—1E[ D(a " 1,0,) on(a.y”.0,)
T—Y _!. 20 2(v2) Y. [ a,y ,n,Y, ]&(n)T
¢ T](a,y ,9:) ¢ o
(A.21)

The final term in equation (A.21) is zero from equation (A.3). The initial term

simplifies to give

8L(a,y”,6 ) GB(a,y”,G )
a—ec%v[le(n(a,yp,ec))]E[TC] (A.22)
From Lemma 3, M <0, implying M< 0.
00 00

& g

2. Consider first a mean-preserving spread &; — &, +6, (&,3 —E) . Analogously with

equations (A.21) and (A.22)
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GL(a,yp,e ) , 8B(a,yp,9 )
a—eéézy[l—Gz(n(a,y »ei))}E[a—eiél (A.23)

0B(a,y".6,) 0 Henee oL(a,y".0,)
06, ' 06,

From Lemma 3, >0.

3. Now consider a mean-preserving spread v, — (1+ 63)\/3 . The proof is identical to

6L(a,y”,93)

3

that of the mean-preserving spread in &3 and establishes >0."

4. Finally consider a mean-preserving spread v, —(1+6,)v,. Here we follow a
different strategy in acknowledgement of the fact that n(a, v )is unaffected by

changes in the distribution G, (v, ). Noting that the condition (1+8,)v, >n implies,

v, 2 , We may rewrite equation (11) as

2

L(a,yp,ez):YE ] D(a,yp,(1+92)\72)dG2(\72)
n/(1+6,)

Differentiation with respect to 0, gives

8L(a,y”,92)

%, =—yE[D(a,y” n] Y J. y +(1+6 )vz)vsz (v,)

n/(1+6,)

(A.24)

The initial term in expression (A.24) is zero, using equation (A.3). Define

: j v,dG, (¥,) , the conditional mean of v,. Then

v(6,)= 1-G, (n/(1+6,)) o,
—aL(a(;gj’ez) = —Y(1+92)K1—G2 (13@2 DC'(y”)v2 +C"(»") j (v, -7, ) dG, (7,)

n/(1+6,)

'8 This derivative is zero in the individualistic case.
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The first term in square brackets in expression (A.25) is positive and the second

8L(a,y",92)

2

negative. It follows that cannot be signed a priori.

Theorem 3:
An increase in the dispersion of the distribution H, (Q) of the child’s period 3
incremental income as adult C,, conditional on attending junior and senior school,

decreases junior school enrolment.
Proof:

Consider a mean-preserving spread with respect to £;. Using equation (A.7) and the
result from Lemma 4 that K ( yr ) is independent of GC , the threshold u(a, v ,GC)
solves

J(u(a,y”,ec)) = K(y”)+L(a,yp,6g)

Hence au(a,y”,ec)ziaL(a,yp’eC)

26, J o0

¢

M <0. It follows that M
« ¢

From Lemma 5, > 0. An increase in

the dispersion of the child’s period 3 incremental income as adult C,, conditional on

attending both junior and senior school, therefore decreases junior school enrolment.
Comment:

This is the standard result that increased income variability reduces the incentive to
invest in education. It extends Theorem 2 which established the same result for

senior school enrolment.

Theorem 4:

An increase in the dispersion of the distribution H, (&,)of the child’s period 3
incremental income &,, conditional on the child having attended junior but not senior

school, can either increase or decrease junior school enrolment.

Proof:
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Consider the mean-preserving spread with respect to &,. Using equation (A.7), the
threshold p(a,y",eé) solves J(u(a,y”,e&)) = K(y",GE)JrL(a,y",ei)

au(a,yp,eé) i GK(yp,6§)+8L(a,y”,9§)

Hence _ =
86é J' 00 00

g g

>0 and —8L(a,y”,9é)
€ <

8K(y”,6§)
00

From Lemmas 4 and 5 respectively, <0. The

overall effect is therefore ambiguous — an increase in the dispersion of the child’s

period 3 incremental income &; can either increase or decrease junior school

enrolment.
Comment:
Two opposing effects are at work. Increased variability of the child’s incremental

income &,, conditional on attending junior but not senior school, reduces the utility

. . . _0K(y.6,)
benefit of junior school enrolment. This is reflected in the derivative Q-
3

The second effect comes through the option to continue to secondary school.

Increased variability of &, increases the utility value of the income stream arising

from secondary education which increases the value of the continuation option and

hence also the incentive to enroll in junior school. This is reflected in the derivative
p

oL (a, v, Ga)

= . The overall effect of increased variability in &, is therefore to reduce

g
the attractiveness of junior school per se but to increase the attractiveness of eventual
enrolment in senior school, for which graduation from junior school is a

precondition.

Theorem 5:

An increase in the dispersion of the distribution G, (v3 ) of parental period 3 transitory

income v3 increases junior school enrolment.

Proof:
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Consider a mean-preserving spread with respect to v3. Using equation (A.7), the

threshold u(a,y”,93) solves J(u(a,yp,93)) = K(yp,63)+L(a,y”,63)

Hence M:L 8K(y",e3)+aL(a,ypje3)

00, J' 00, 00,
oK (y”,0 oL(a,y”,0
From Lemmas 4 and 5 respectively, %>0 and %>O. It
3 3

8p(a,y”,63)

3

follows that < 0. An increase in the dispersion of the parents’ period 3

transitory income v; increases junior school enrolment. (This effect is absent if we

adopt the individualistic approach to the child’s earnings as adult).

Theorem 6:
An increase in the dispersion of the distribution G,(v,) of parental period 2
transitory income v, may either increase or decrease junior school enrolment.

Proof:

Consider a mean-preserving spread with respect to v,. Using equation (A.7), the

threshold yi(a, "6, ) solves /(@ y".6,)) =K (17.6,)+ L(.3".6,)
Hence M:L 8K(y”,92)+aL(a,yp,92)
00, J' 00, 26,
aK(yP’ez) aL(a’yp’ez)

From Lemmas 4 and 5 respectively, >0 while the sign of

00, 26,

Gp(a,y”,ﬁz)

2

is uncertain. It follows that the sign of is also uncertain. An increase in

the dispersion of the parents’ period 2 transitory income v, may either increase or
decrease junior school enrolment.
Comment:

There are three effects here:
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1. For a child who is not expected to proceed to senior school, the more uncertain are

his parents’ period 2 earnings v, , the more valuable will be the child’s earnings. This

oK (y".6,)

effect is reflected in the derivative and is the same result as obtained in

2

Theorem 5 with respect to the variability of parental transitory income in period 3.

2. The second effect arises out of the option to continue to senior school. On average
families that send children to senior school will have positive period 2 transitory
incomes. This effect is reflected in the first term in square brackets in equation
(A.25). In the event of a high realization for period 2 transitory income, the utility
cost of senior school education will be relatively low and families will choose to
exercise this option and thereby benefit from the cost saving. Conversely, in the
event of a low realization, the utility cost of senior school education will be relatively
high but families will choose not to exercise and will therefore not suffer these
higher costs. Families capture the benefit from of low education costs without
suffering the pain of high costs. Controlling for permanent income and the child’s
earning ability, utility costs of senior school education will be lower for those
families who do enroll their children than for those who do not. This potential benefit
increases the attractiveness of junior school enrolment.'”

3. The third effect arises from convexity of the secondary school cost function

C ( yz) . This convexity implies that, for those families which do enroll their children,

the expected cost of senior school education rises with the variability of parental
period 2 transitory income thereby making senior school enrolment less attractive.
This effect is reflected in the second term in square brackets in equation (A.25). It is
not possible to state a priori whether this effect will be sufficiently large to offset the

two preceding effects.

Theorem 7:

' Because this is a pure option effect, it does not depend on the curvature of the utility
function and would be present even if utility were linear in income. In that circumstance, this
would be the only route by which income uncertainty impact on the education decision.
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An increase in the variability of the period 1 transitory income distributions G, (vl)

has an ambiguous effect on junior school enrolment. An increase in the variability of

period 2 transitory income distribution G, (vz) has an ambiguous effect on senior

school enrolment.

Proof:

Consider a mean-preserving spread with respect to v;. From equation (A.14)
5 a Ha”)

w‘(el):l-J:J I dG; (n)dF (a.y")

where 7 = (1+6,)v,. Rewriting the integral in terms of vi, we obtain

Differentiating with respect to the spread parameter 0,
dn’(6,) v ( a,y )
o,  (1+0,) ”“(a’yp)gl( ) }dF(a,y") (A.28)
y o

Since the threshold income ;,t(a, v ) may exceed or fall short of permanent income

)P, it is not possible to sign expression (A.28) on an a priori basis. The result for the

impact of a change in the variability of the period 2 transitory income distribution

G, (v,) on senior school enrolment n° follows from question (2) on an identical

argument.

Linear approximation

To obtain estimable functions, we need to make linear approximations to the model.
First consider the conditional decision to attend senior school for a child belonging to
household # with vector of characteristics yn. The condition for this is given by

equation (1):
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B(ah’y}f)_c(yhz) >0
The houschold knows the cost C(y,,) with certainty in period 2. Approximating

around the population mean income, y,, we obtain
C(yhz) = u(yhz +xh2)_u(yh2 _Qh)

= (xhz +Qh)u'(yhz) :(xhz +qh){1—pu}u'@z)

Vs

(A.29)

_)_/zu u()—}2 )
u'(5,)
be constant across both time and households. On the benefit side, also from equation

(A.1)

where p=- , the coefficient of relative risk aversion, which we suppose to

B(a,, 3] ) = OE[u(Fys + 25 )~ (Fys + %3]
ZSE[“(J/;; + V)3 + Wi +%h3 +Z;h3 +ah)_“(y5 V5 T Wis +%h3)]
Proceeding in the same manner
B(ah’ylf) = 6[(2113 +ah)—%PG§g]u'(yf)
= S{I—p ny_}_pyp j||:(Zh3 +ah)—%py}f(52Ju'()_/p)
Va’”(Cw |Xh)
(1)

Note that equation (A.30) lacks a term in Gﬁg which would depend on the third

(A.30)

Here ng = , the squared conditional coefficient of variation of (3.

derivative of the utility function. Now make the assumption that y, =37, i.e. the

period 2 common income shocks are zero. Using the approximations (A.29) and

(A.30), condition (A.1) implies that the child will attend senior school if

8a, 2 (%2 +4,)—— = =8, + 1 9pv] oy
1-p2t—L A31
v’ (430
v _ .
:(l—p#](xhz+%)_6C/13+%8pylfci€:Sah
2
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Equation (A.31) tells us that the conditional probability of attending senior school
depends

e negatively on the total cost of schooling x,, + ¢, ;

e positively on the interaction of this cost with the period 2 income shock vy;

e positively on the child’s expected earnings zm as adult; and

e negatively on the squared conditional coefficient of variation of the child’s

income as adult Gic (interacted with permanent income).

If we make a distributional assumption for the child’s earning ability ap, we may

estimate equation (A.31) using standard discrete choice methods. The most

straightforward assumption is normality, a, ~N (E, 032). On this basis, write the

estimated conditional probability that the child does not attend senior school as

N
O, =D [(ah—a)j where @(.) is the standard normal distribution function.
®

We turn now to the decision to attend junior school given by equation (A.7)
K(yp)+L(a,y0)=J(y,)=0
The expansion of J(y,) follows the same lines as that of C(3,,) in equation
(A.29).
J(v)=u(y+w,)—u(y,—p,)
:(Whl+ph)u'(yh1):(whl+ph)|:1_pyh+_)_}lj|u'()_/1) (A.32)

M

Similarly, the expansion of K ( vy ) follows that of B (ah, vy ) in equation (A.30):

K(y,f):yE[(u(j/z+)~cz)—u()72+w2))+8(u()73+5c3)—u(373+w3))J
Y[ahz +6(Eh3 _%p)ﬁfsia)]u'(yf)

V{l_pyfj_}_—p)_}pj[&hz +8(Eh3 —%nyﬁﬁg)]u'(f”)

(A.33)
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The expansion of the final term, L(ah, y,’,’), is more complicated. Define

Vo = E[yh2 | Y 2 n(ah,y,f )J . From equation (A.9)

v

L(ayyf)=y(1-@,)E [ {(u(3-a,)-u(5)+5,))

T](aha}’/f)
+8(”(J~’h3 + 2173)_”()7113 +)~Ch3))} da, (J~’h2 Vi [V 2 n(ah,y;f ))

Expanding the initial term around y,, and the second term around y/

L(ahayf) = Y(l_q)h)[_(QI1 T Wi, +E.’hz)u'(j’hz)+8(ah +th _%pyfcic)”'(yf )]

P

Now u'(y,,)= {l—py“—_y’f}u'(y,f): (l—kpchz)u'(y,f)for some k > 0 which will
Vi

depend on the distribution of the period 2 income shocks vy,. Hence

L(ahayf):Y(l_q)h)[_(l_kpchz)(% T Wi +E.>h2)+8(ah +Zh3 —%nycﬁg)}u'(yf)

:y(l—@h)(l—p%j[—(l—kpchz)(qh +W,, +§h2)+8(ah +C,, —%py,fciq )Ju'()_/”)
(A.34)
Equation (A.34) lacks a term in ;, which would depend on the third derivative of
the utility function. Combining equations (A.7), (A.32), (A.33) and (A.34), the child
will attend junior school if
vda, 2v(1-kpo,, ) (g, + W, +&,,) —¥8(8ys —1pyior )

1 — (A.35)
1o y(§h2+8(§h3 _%py;jc’ig))+£l_pv_hl](whl+ph)}
S Vi

Equation (A.35) tells us that the conditional probability of attending junior school
depends

e negatively on the total cost of attending junior school w,, + p, , divided by the
probability 1-®, of continuing to senior school;

e positively on the interaction of this cost with the period 1 income shock vy;;

e negatively on the total cost of attending senior school g, +w,, +&,,;

e positively on the interaction of this cost with the coefficient of variation of

the parents’ period 2 income;

47



positively on the total discounted expected income from attending junior
school y&,, +v0E,, divided the probability 1-®, of continuing to senior
school;

negatively on the squared conditional coefficient of variation of the child’s
income as adult Gié, conditional on not attending senior school, interacted
with permanent income and divided the probability 1-®, of continuing to
senior school;

positively on the child’s expected earnings EM as adult conditional on

attending senior school;
negatively on the squared conditional coefficient of variation of the child’s

income as adult Gig, conditional on attending secondary school, interacted

with permanent income.
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APPENDIX B - MEASURES OF RISK AND SHOCKS

As discussed in section 4, income shock at time ¢ is defined as the difference
between the actual household income y,, at time ¢ and the household’s permanent
income y; defined as expected household income, given all the information

available at time ¢. Table B.1 reports the results of equation (1) that estimates

permanent income.

Table B.1
1993 income equation estimates
Variables Coeff. t
1992 farm assets 0.01 1.32
1992 business non-farm assets 0.02 2.30
1992 liquid non business assets 0.03 1.23
1992 illiquid non business assets 0.02 4.30
Hh owns a farm -21.48 -0.22
Hh owns a business 517.98 7.19
Head does not work 598.34 1.95
Head employee 907.40 3.25
Head self employed 245.84 0.89
Head complete primary educ 189.01 3.52
Head junior secondary educ 946.26 6.03
Head senior secondary educ 1711.07 8.02
Head high educ 2884.97 6.30
Nr. of income earner 111.68 3.22
Household size 36.60 0.46
Household size™(2) 1.57 0.22
1993 crop loss -43.70 -0.41
Intercept -255.60 -0.69

Number of obs= 2296

R-squared= 0.30

The table records the results from equation (1) and estimates the
predicted household permanent income. Dependent variable is
1993 parental income. Provincial dummies are included as
additional regressors. Both income and assets are measured in
thousands of rupiah. Standard errors are robust.

1 u 1 1 1 u vari
Uncertainty about parents’ transitory income v,, is measured as variance of

period 2 income conditional on all the information available at time 1. As discussed
in section 4, a two stage procedure is used. The first step regress future household
income on current household characteristics (equation 2). Table B.2 reports the
results of equation (2), where the dependent variable is 1997 household income and

independent variables are 1993 household characteristics.
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Table B.2
1997 income equation estimates

Variables Coeff. t
1992 farm assets 0.01 1.32
1992 business non-farm assets 0.05 1.30
1992 liquid non business assets 0.05 3.23
1992 illiquid non business assets 0.02 4.32
Hh owns a farm -78.11 -0.83
Hh owns a business 354.97 4.66
Head does not work -151.66 -0.58
Head employee -217.07 -0.92
Head self employed -112.22 -0.49
Head complete primary educ 225.69 3.44
Head junior secondary educ 620.03 3.39
Head senior secondary educ 561.15 4.18
Head high educ 1502.17 3.01
Nr. of income earner 43.46 1.30
Household size 4.06 0.06
Household size™(2) -0.51 -0.09
1993 crop loss -116.05 -1.14
Intercept 633.66 2.00

Number of obs= 1870
R-squared=0.13

The table records the results from equation (2) and estimates the
first stage of the procedure to calculate the variance of period 2
household income. Dependent variable is 1997 household income.
Provincial dummies are included as additional regressors. Both
income and assets are measured in thousands of rupiah. Standard

errors are robust.
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APPENDIX C - INCOME LEVELS BY EDUCATION

Table C.1 reports the results of the selection model (Heckman procedure) that
estimates equation (4)*°. Dummies for different levels of completed schooling are
included, with no schooling acting as the omitted category (i.e. there is no constant
term in the regression equation). Off 5982 females and 5534 males, we observe the
log monthly income for 1437 and 2636 working individuals (females and males
respectively). The large proportions of zeros, especially for the self-employed sector,
suggests that monthly income may contain an important seasonal component. To
control for this, the selection equation includes the dummies for the month of
interview. Results are in line with standard income selection equation estimates. The
impact of experience is greater for females than for males, but females have also a
higher negative coefficient on experience squared. Returns to education are higher
for men than for women, and they are highest in West Java (where Jakarta is located)
and (for men) in the province of South Kalimantan.

The coefficients on education and experience estimated from the income
regression are used to construct predicted earnings by gender, provinces and school

level®!

2 . . . .
% For females, we cannot reject the hypothesis that coefficients on dummies for w;, w,, w;,

X,, X are equal (F(4, 1426) = 1.41, Prob>F = 0.23). We therefore generate a single dummy for

females graduated from elementary and junior secondary school, for any experience level. This
suggests that it is only senior secondary school attendance that substantially increases female income.
2l ' We do not differentiate between income of children working on the family farm and income from
wage employment. In Indonesia, as in many developing countries, most children do not work for a
wage, but as unpaid family workers in the family farm or business. Moreover, in many developing
countries, labour markets are imperfect. It is therefore difficult to infer children’s contributions to
household income by using observed market wages and self-reported farm or business profits (Menon
and Perali, 2006). A shadow wage approach may be more suitable in evaluating the income
contribution of child labour, and we will consider this approach in future extensions of this work.
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Table C.1
Individual income equation: Heckman selection model

Female

Male

Dependent variable: log income (robust se in parenthesis)

Male: dummy
elementary
school*provincial
dummies

Female: dummy
elementary or
junior secondary
school*provincial
dummies

North Sumatra
West Sumatra
South Sumatra
Lampung
West Java
Central Java
Di Yogyakarta
East Java
Bali
West
Tenggara
South
Kalimantan
South Sulawesi

Nusa

1.913%** (0.437)
1.731%%* (0.401)
1.846%** (0.522)
1.501%* (0.469)
1.960%** (0.392)
1.525%%* (0.373)
1.449%** (0.433)
1.774%%* (0.375)
1.858*** (0.426)
1.658*** (0.436)

1.785%** (0.446)

1.490%** (0.389)

4.160%** (0.264)
4.480%** (0.243)
3.665%** (0.257)
3.716%** (0.258)
4.013%%* (0.210)
3.803%** (0.242)
3.862%** (0.294)
4.192%** (0.230)
4.193%%* (0.255)
3.832%** (0.281)

4.320%%* (0.282)

4.194%** (0.330)

Male: dummy
junior secondary
school*provincial
dummies

North Sumatra
West Sumatra
South Sumatra
Lampung
West Java
Central Java
Di Yogyakarta
East Java
Bali
West
Tenggara
South
Kalimantan
South Sulawesi

Nusa

4.233%%* (0.316)
4.742%%% (0.344)
4.025%%* (0.292)
4.019%** (0.346)
4.512%%* (0.287)
4.612%*%* (0.292)
4.075%** (0.351)
4.668%** (0.246)
4.569%** (0.494)
4.599%%* (0.312)

4.836%** (0.322)

4.596%** (0.492)

Dummy senior
secondary
school*provincial
dummies

Experience

Experience square

North Sumatra
West Sumatra
South Sumatra
Lampung
West Java
Central Java
Di Yogyakarta
East Java
Bali
West
Tenggara
South
Kalimantan
South Sulawesi

Nusa

2.930*** (0.417)
3.211%%* (0.322)
2.454%%* (0.408)
dropped
3.912%** (0.408)
2.895%** (0.363)
3.402**%* (0.374)
3.142%%% (0.303)
2.604*** (0.467)
3.063*** (0.428)

2.991%%* (0.383)
3.656%** (0.305)

0.096*** (0.013)
-0.001*** (0.000)

4.822%%% (0.262)
4.669%** (0.302)
4.801%%* (0.350)
4.167*** (0.276)
4.818%** (0.219)
4.672%%* (0.245)
4.571%%% (0.334)
4.684%%* (0.217)
4.749%%* (0.233)
4.699%** (0.224)

5.046%** (0.213)
4.888%** (0.219)

0.028* (0.011)
-0.0004* (0.000)




Female

Male

Dependent variable: log income (robust se in parenthesis)

Selection (robust se in parenthesis)

Non business assets/1000
married
unschooled
incomplete primary
highest grade completed: elem
highest grade completed: jrsec
highest grade completed: srsec
exper
exper2
# household members age 0-5
# household members age 6-9
# household members age 10-14
# household members age 15-17
Month of interview: September
Month of interview: October
Month of interview: November
Month of interview: December
Intercept

Mills (robust se in parenthesis)

lambda

N

Censored

Uncensored

-0.002 (0.000)
-0.308*** (0.048)
-1.607%%* (0.271)
-1.541%%* (0.267)
-1.367%** (0.266)
~1.254%%* (0.271)
-0.421 (0.273)
0.096*** (0.005)
-0.001%** (0.000)
-0.122%%* (0.025)
-0.023 (0.030)
-0.064* (0.025)
-0.093* (0.036)
0.235%* (0.086)
0.237** (0.076)
0.438*** (0.073)
0.192** (0.069)
-0.194 (0.271)

0.539%* (0.192)
5982
4545
1437

+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001

0.001 (0.000)
0.660%** (0.067)
-0.977*** (0.177)
-0.803*** (0.169)
-0.647%%* (0.168)
-0.559%* (0.173)
0.012 (0.175)
0.098*** (0.005)
-0.002*** (0.000)
-0.026 (0.025)
-0.083** (0.031)
-0.063* (0.025)
0.002 (0.034)
0.663*** (0.084)
0.614%** (0.074)
0.586*** (0.074)
0.227%** (0.068)
-0.994%** (0.176)

-0.868*** (0.127)
5534
2898
2636

Table reports the results of equation (4). Dependent variable is log monthly
income. Sample: all individuals aged 10 years or old with information on labour.
Dummies for “illiterate” and “high education” are included in the income
regression, with no schooling acting as the omitted category. In the selection
equation omitted categories are “high education” for educational dummies and
“January” for the month of interview.
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APPENDIX D - COST OF SCHOOLING

Total educational expenditure can be written as £, = p, N,, + p,,N,, + P3N,
where py; is the cost of the school level j for the household h, and N, is the number

of children in the household attending education level j. Expenditure for the different
levels of schooling is not directly observable but may be inferred from regressing
total expenditure for education on the number of children attending each school
level. The regression also controls for household income and provinces. We use the
following model which is additive in a set of three multiplicative components, one

for each level of schooling:
.3
Ph
E, =yl Y BN, (D.1)
j=1

where E, is the total educational expenditure of family 4, y, is household
income, P are province dummies, N . is the number of children attending school
level j, and B, is the coefficient associated with N,,. The cost of sending an

additional child to school level j is given by y,’fey K ﬁ ;- Assuming constant

economies of scale, that is assuming linearity of educational expenditure on the
number of children attending school®*, the marginal effect is also the average effect,

and is our measure of the cost of schooling.

As already noted, equation (D.1) includes household income, thus allowing the
cost of schooling to vary across households. According to this formulation,
households estimate the cost of the various levels of schooling as their expected
expenditures given their incomes. Alternatively, one might view income-related
expenditures as discretionary, implying that these expenditure components should be
omitted from the cost variables. If this were the case, the estimated cost would

become )7'?67 fi B;, where y is the sample average income. We construct both

** The square number of children attending school is not statistically significant in the educational
expenditure equation, thus rejecting the hypothesis of a quadratic relationship between expenditure
and the number of children.
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estimates of the cost of schooling: the first conditional on household income, the

second conditional on average income.

Household income and the number of children attending school may both be
endogenous. Potential instruments for household income are the education of the
head and the value of non-business assets owned by the household the year before
the interview. The numbers of children attending each school level can be
instrumented with the predicted count variables estimated using Poisson regression
models on the sub-sample of households with at least one child in the reference age
group (children aged 7-12 for the elementary school, 13-15 for junior secondary
school, and 16-18 for senior secondary school). Because of the high percentage of
zeroes in the number of children enrolled in junior and senior secondary school, the
count variables are estimated with the zero-inflated Poisson (ZIP) model. Table D.1
reports the results of equation D.1, and Table D.2 summarizes the estimated costs of
schooling, by level of school and gender. Both set of estimates, conditional on
household and on average income, are presented. As expected, schooling costs are
higher for higher education levels (there are school fees at junior and senior levels
and many children are obliged to go to school outside the home village). Estimates

show a higher cost for girls than for boys, especially for secondary school.
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Table D.1
Educational expenditure regression

Number of children attending school ( 5 j) Coeff. t
# male attending elementary school 130.58 5.60
# female attending elementary school 135.65 5.92
# male attending junior secondary school 206.71 4.47
# female attending junior secondary school 385.00 4.88
# male attending senior secondary school 435.80 5.69
# female attending senior secondary school 794.78 8.62

Income interaction effect (77) Coeff. t
Household income 0.35 4.20

N=1974

R-squared = 0.11

The table reports the IV estimated coefficients from equation (D.1).
Dependent variable is the total household annual educational expenditure.
Provincial dummies are included in the regression. Household income is
instrumented with head’s educational dummies and the value of household
non-business assets. The number of children in the household attending
school are instrumented with the predicted numbers obtained from Poisson
and Zero inflated Poisson models. The sample is households with at least

one child attending school.
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Table D.5
Descriptive statistics of predicted cost of schooling

Variable Mean Std. Dev. Min Max

Conditional on household income

Male-elementary 105.13 47.90 30.34 355.51
Female-elementary 109.21 49.76 31.52 369.31
Male-junior secondary 166.42 75.83 48.04 562.79
Female- junior secondary 309.94 141.23 89.47 1048.17
Male-senior secondary 350.84 159.87 101.27 1186.48
Female-senior secondary 639.84 291.55 184.69 2163.81
Conditional of average income

Male-elementary 117.50 29.18 71.30 171.82
Female-elementary 122.06 30.31 74.07 178.48
Male-junior secondary 186.01 46.19 112.87 271.99
Female- junior secondary 346.43 86.04 210.22 506.57
Male-senior secondary 392.14 97.39 237.96 573.41
Female-senior secondary 715.16 177.61 433.97 1045.74

# households=2288

The table reports the predicted costs of schooling, by level of school and
gender. The first box presents household specific estimates that are conditional

B };’Ph

on household income ( y,:e B/ ), the second shows the predicted values

—h A LA .
calculated using the average income (y"e’” B ;)- These latter estimated

varies by province, gender and school level.
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