Essays on Development Economics

by Md. Nazmul Hoque

B.S.S. in Economics, March 2004, University of Dhaka, Bangladesh
M.S.S. in Economics, October 2005, University of Dhaka, Bangladesh
M.Phil. in Economics, January 2014, The George Washington University

A Dissertation submitted to

The Faculty of
The Columbian College of Arts and Sciences of
The George Washington University
in partial fulfillment of the requirements
for the degree of Doctor of Philosophy

August 31, 2018

Dissertation directed by

Bryan Boulier
Professor of Economics

Shahe Emran
Researcher, Initiative for Policy Dialogue
Columbia University



The Columbian College of Arts and Sciences of The George Washington University cer-
tifies that Md. Nazmul Hoque has passed the Final Examination for the degree of Doctor

of Philosophy as of May 24, 2018. This is the final and approved form of the dissertation.

Essays on Development Economics

Md. Nazmul Hoque

Dissertation Research Committee:

Bryan L. Boulier, Professor of Economics, Dissertation Co-Director

Shahe Emran, Researcher, Initiative for Policy Dialogue, Columbia University,
Dissertation Co-Director

James E. Foster, Professor of Economics, Committee Member

Paul E. Carrillo, Associate Professor of Economics, Committee Member

i



(©) Copyright 2018 by Md. Nazmul Hoque
All rights reserved

1l



Dedication

To my mother Fatema Begum, to the memory of my father A. K. M. Fazlul Hoque and to

my wife Ummehani Akter.

v



Acknowledgment

I am very fortunate to have so many people who have provided guidance and support to
make this dissertation possible. First and foremost, I would like to express my utmost grat-
itude to my Co-Advisors Prof. Boulier and Dr. Shahe Emran. Without their guidance and
support, completion of my doctoral studies would not have been possible. I would like to
thank my committee members, Professor Foster and Professor Carrillo who were generous
with their expertise and precious time. Both of them have given me many insightful sug-
gestions and demonstrated sincere interest in my work. My sincere thanks also go to Dr.
Sabin Ahmed and Dr. Xiaohan Ma for their support and encouragement throughout the
program. Lastly, I would like to thank my mother and my wife for their patience, love and

unconditional support in my pursuit.



Abstract of Dissertation

Essays on Development Economics

This dissertation consists of three essays covering four major areas of development eco-
nomics: poverty, education, access to credit and gender equality. The first essay examines
the possibility of a low-income trap due to parental choice of madrassas for children’s ed-
ucation, which in turn may result in intergenerational persistence in madrassa education,
i.e., a madrassa trap. Using data from Indonesia Family Life Survey (IFLS) 2007, I esti-
mate a school choice model and a Mincerian earnings function to test the madrassa trap
hypothesis. I use rainfall variation as an instrument for household income to estimate the
causal effect of household income on madrassa enrollment. The estimated income effect
shows that doubling the average level of per capita household expenditure reduces chil-
dren’s probability of madrassa enrollment by about 34 percentage points. To estimate the
earnings function, I take advantage of recent econometric approaches that tackle biases in
the absence of valid external instruments. I find that average earnings of junior general
school graduates are about 26.5 percent higher than that of junior madrassa graduates. The
combination of the negative income effect on madrassa enrollment and lower returns to

madrassa education indicates that there is a madrassa trap.

The second essay estimates the effect of access to credit and education on women’s partic-
ipation in household decision making and whether education complements access to credit
in changing women’s participation rate. I use the Bangladesh Demographic and Health
Survey (BDHS) 2011 to identify these effects. To overcome potential biases, along with
the other methods, I use minimum biased (MB) estimator of Millimet and Tchernis| (2013))
that minimizes the bias in treatment effect in the presence of selection on unobservables.
The estimates from different methods suggest that access to credit has small but positive
effects on women’s participation in household decision making. Education also has pos-
itive effects, but the results do not support complementarity between access to credit and

education.
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The third essay investigates whether son preference translates into selective abortion and
account for any of the “missing women” in Bangladesh. A competing risk hazard model is
used to examine the existence of sex selective abortion. Data suggest that son preference
leads to shorter birth intervals if previous births are girls. If, for example, the first birth is
a girl, the hazard of having another child each quarter is about 15 percent higher for more
educated urban women in recent years (1990-2011). However, there is no evidence that

selective abortion contributes to missing women in Bangladesh.
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Chapter 1: Introduction

This dissertation covers four major areas of development economics: poverty, education,
access to credit and gender equality. The first essay presented in Chapter 2 focuses on the
relationship between poverty and Islamic religious education in Indonesia. The second es-
say in Chapter 3 explores how access to credit and education affects women’s participation
in household decision making in Bangladesh. This essay also examines if there is any com-
plementarity between access to credit and education in influencing women’s participation
rate. The third essay in Chapter 4 investigates whether son preference in Bangladesh causes

selective abortion.

There has been a significant amount of research estimating both market and non-market
returns to education and the effects of religious education on earnings and student perfor-
mance, especially of the religions practiced in the western world. However, research on the
relationship between Islamic religious education and income is insufficient despite grow-
ing interests in this area in recent decades. Islamic educational institutions are known as
madrassas. The first essay examines the possibility of a low-income trap due to parental
choice of madrassas for children’s education. A common narrative is that the poor house-
holds in Muslim developing countries send children to madrassas where they are taught
conservative ideas. Using data from Indonesia Family Life Survey (IFLS) 2007, I esti-
mate a school choice model and the Mincerian earnings function. The school choice model
estimates the effects of household income and religiosity (after controlling for other ob-
servable characteristics) on children’s madrassa enrollment. The estimated income effect
on madrassa enrollment using simple estimation technique is likely to be biased due to
unobserved ability, preference heterogeneity and measurement error. To correct for these
biases, I use rainfall variation as an instrument for household income. The estimated in-
come effect shows that doubling the average level of per capita household expenditure

reduces children’s probability of madrassa enrollment by about 34 percentage points. The



estimated negative income effect is robust to various specifications and holds when the
Conley et al.|(2012) approach is used to relax the exclusion restriction imposed on rainfall
variation. Similarly, estimated returns to general and madrassa education are also likely to
be biased due to unobserved ability and measurement error. To address the biases in the
earnings function, I take advantage of recent econometric approaches that tackle biases in
the absence of valid external instruments. The OLS estimates of returns to education show
that average earnings of junior general school graduates are about 26.5 percent higher than
that of junior madrassa graduates. I exploit selection on observables as a guide to selection
on unobservables and use the recent approach developed by Oster (2016) in an extension
of the Altonji et al.| (2005) methodology. The relatively low returns to Madrassa education
remain intact even when selection on unobservables is twice as large as the selection on
observables. To address biases due to both unobserved ability and measurement error, |
use heteroskedasticity based identification of |[Klein and Vellal (2009). The estimates from
heteroskedasticity based identification also suggest a similar pattern. The combination of
the negative income effect on madrassa enrollment and lower returns to madrassa education
indicates that there is a low-income trap due to the choice of madrassa for children’s edu-
cation. This also leads to a madrassa trap where intergenerational persistence in madrassa

education operates through a low-income.

Existing literature on the relationship between credit and gender equality in economics
explores how credit, microcredit in particular, affects women empowerment without con-
sidering how access to credit interacts with education. Research on the effect of education
on women’s participation in household decision making is also scarce, and there is no paper
I am aware of that explores the possibility of complementarity between access to credit and
education in influencing women’s participation rate. The second essay estimates the effect
of access to credit and education on women’s participation in household decision making
and whether education complements access to credit in changing women’s participation

rate. I use Bangladesh Demographic and Health Survey (BDHS) 2011 to identify these



effects. Using simple econometric techniques may lead to biased estimates of the effect
of access to credit and education on women'’s participation rate due to non-random partic-
ipation in microcredit program or acquired level of education. To overcome the potential
biases, along with the other methods, I use minimum biased (MB) estimator of Millimet and
Tchernis| (2013) that minimizes the bias in treatment effect in the presence of selection on
unobservables. The estimates from different methods suggest that access to credit has small
but positive effects on women’s participation in household decision making. Education also
has positive effects, but results do not support complementarity between access to credit
and education. I test the robustness of the findings using three alternative approaches - less
parsimonious specification, coefficient stability check for the OLS estimates, and bound
analysis for the bias corrected radius matching (BC-RM) estimates. The first approach
confirms the main findings. The coefficient stability check suggests that when CIA fails,
the OLS method overestimates the effects of access to credit, underestimates the effects of
education and does not support complementarity between access to credit and education.
Like the coefficient stability check, bound analysis specific to BC-RM also suggests that
positive effects of access to credit are sensitive to the violation of CIA . That is, effects
of access to credit go away if I introduce a small amount of selection on unobservables.

However, the effects of education are relatively stable.

With the advent of modern technology for fetal sex determination, selective abortion is
found to be responsible for a significant number of “missing women™ in countries like
China and India. Sen (2001) dubbed this phenomenon, the use of modern technology to
detect the sex of the fetus and abort it if it is a girl, as “High-Tech Sexism.” The third essay
investigates whether son preference translates into selective abortion and account for any
of the “missing women” in Bangladesh. In the presence of son preference, the birth of a
girl is likely to be followed by another birth with a shorter interval. However, if parents
terminate a girl fetus, then the following birth interval will be longer and the observed sex

ratio of the following birth will be skewed towards boys. That is, the proportion of boys



born will be higher than the natural rate of 0.512. A competing risk hazard model is used to
examine the existence of this phenomenon in Bangladesh. Data suggest that son preference
leads to shorter birth intervals if previous children are girls. That is, the birth of a girl is
followed by another birth with a shorter interval. If, for example, the first child is a girl,
the hazard of having another child each quarter is about 5 percent higher for less educated
rural women, 13 percent higher for less educated urban women and 15 percent higher for
more educated urban women in recent years (1990-2011). However, there is no evidence

that selective abortion contributes to missing women in Bangladesh.



Chapter 2: Madrassa Trap? Poverty, Preference, and Muslim Religious Schooling in

Indonesia

2.1 Introduction

Islamic religious schools, known as madrassas, have attracted much attention in the recent
times, both in popular media and academic literature. A central issue in the debate sur-
rounding the madrassa education, especially in the context of developing countries with
large Muslim populations such as Indonesia, Pakistan and Bangladesh, is the possible con-
nection between poverty and demand for madrassa education. A common narrative is that
poor households send children to religious schools because they are cheaper. The 9/11
commission report concludes “Millions of families, especially those with little money, send
their children to religious schools, or madrassas. Many of these schools are the only op-
portunity available for an education, but some have been used as incubators for violent
extremism” (Kean, 2011} p. 367). The main argument for a poverty-madrassa connection
is that the madrassa offers a cheap alternative to relatively more expensive general educa-
tion thus attracting children from low-income households. USAID| (2007) reports that in
Indonesia, the annual cost per student in private madrassas in 2003 was 9,706,000 rupiahs
(US$1078) compared to 10,930,000 rupiahs (US$1214) in general schools at the junior
secondary level. It also reports that parents of children in general schools bear a higher
percentage of the costs than their counterparts in madrassas. Asadullah, Chakrabarti and
Chaudhury (2015) similarly report that madrassas offer a cheaper alternative to general
schools in Bangladesh. They also show that an inverse relationship exists between income
and secondary madrassa enrollment in Bangladesh. Andrabi, Das, Khwaja, and Zajonc
(2006), on the other hand, find no significant relationship between madrassa enrollment
and household income in Pakistan. |Chen| (2010) reports that economic distress increases

children’s madrassa enrollment in Indonesia.



An alternative to the poverty hypothesis is that the choice of madrassa is primarily due to
the religious preference. Apart from the direct effect of religiosity on children’s madrassa
enrollment, religiosity is likely to be correlated with household income. The association
between religiosity and income makes it difficult to estimate the causal effect of income on
madrassa enrollment when simple estimation techniques are applied. The problem becomes
more complicated as the existing literature finds both negative and positive associations be-
tween income and religiosity. In a macro-level study, McCleary and Barro (2006), using
instrumental variables strategy, show that per capita GDP has a negative effect on religios-
ity. Barro and McCleary| (2003)), on the other hand, provide evidence of reverse causality
showing that some aspects of religio negatively affect economic growth. Similarly, (Cam-
pante and Yanagizawa-Drott|(2015]) show that Ramadan fasting (practiced by Muslims) has
a negative impact on economic growth. Thus the relationship between income and religios-
ity goes both ways. Unlike these findings, Durlauf, Kourtellos and Tan (2012), however,
do not find any robust relationship between religiosity and economic growth. Household
level studies also report contradictory findings. There is evidence that shows positive ef-
fects of religiosity on household income in high-income countries, but negative effects in
low-income countries (Bettendorf and Dijkgraaf, 2010). Some studies show that religious
upbringing has a positive impact on earnings in Germany and the US (Cornelissen and Jir-
jahn, [2012; Ewing, 2000). Chen! (2010) finds that economic distress increases participation
in religious activities in Indonesia. Given the confounding nature of the relationship be-
tween income and religiosity, I use an instrumental variable (IV) method to find the causal

effect of household income on children’s madrassa enrollment.

Focusing only on how household income affects madrassa enrollment leaves the analysis
incomplete. If poor households send children to madrassas and the market and nonmar-
ket returns to madrassa education are no different than that of general education, then the

parental choice of madrassa education is of little concern. So, I address an additional

IReligious adherence is grouped into nine major categories: Catholic, Muslim, Protestant, Hindu, Bud-
dhist, other Eastern religions, Jewish, Orthodox, and other religions.
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question - how does the return to madrassa education compare with that the of general

education?

In this paper, I focus on the market returns, that is, the labor market returns to madrassa
and general education. The returns to religious schooling in developed countries are found
to be higher than public school (Neal, [1997; Vella, |1999; Jha and Polidano, 2015} |Steen,
2004; |[Kim, 2011). Faith based schooling is also found to have positive impacts on stu-
dent performance in the developed world (Neal, |1997; Altonji, Elder and Taber, 2005;
Evans and Schwab, [1995]; Prais, 2005). Findings, however, are different for Islamic faith
schools (madrassa) in the Muslim developing countries. The limited number of studies
in this regard present findings opposite to that of the developed countries. The return to
madrassa education compared to general education is found to be lower in Indonesia and
Bangladesh (Berman and Stepanyan, 2003; Bedi and Gargl, 2000). Bedi and Garg| (2000)
report that public general school graduates enjoy a 47% earnings premium over madrassa
graduates in Indonesia. Newhouse and Beegle| (2006)) find that in Indonesia, junior sec-
ondary students (grades 7 to 9) in public schools have better academic achievement than
students in private Muslim schools. Asadullah, Chaudhury and Josh(2009) conclude that
in Bangladesh, madrassa students perform worse in terms of literacy and numeracy skills.
Asadullah and Chaudhury|(2010) show that in Bangladesh, female secondary school grad-
uates from madrassas favor boys for higher education that may adversely affect women’s
labor force participation in the future. Vastly different findings between Islamic faith school
and western faith schools could be the result of the inherently different structure of faith
schools in developed and Muslim countries. Modern Catholic schools in the western world,
for example, teach courses that are instrumental for succeeding later in life. For example,
Lee, Chow-Hoy, Burkam, Geverdt, and Smerdon (1998), after taking selectivity differ-
ences into account, find that Catholic schools have a strong influence on students taking
advanced math courses in the US. In contrast, curricula of madrassas are heavily concen-

trated on religious teaching. As a result, madrassa graduates may have less marketable



skills with adverse consequences in the labor market. Combining the estimates of income
effect on madrassa enrollment and the returns to madrassa and general education helps
identify if there is a low-income trap due to madrassa education which in turn may result

in intergenerational persistence in madrassa education (i.e., a madrassa trap).

Estimating the unbiased income effect on school choice is a daunting task. Ordinary least
squares (OLS) or other simple methods may lead to a biased estimate of the true effect.
There are at least three sources of bias in this context - unobserved ability, religious prefer-
ence and measurement errors. There is anecdotal evidence in Muslim developing countries
that suggests students with low ability, not directly observable to the researcher, are more
likely to be enrolled into madrassas. Parents have the information on their own ability and
also their children’s. As parents with low ability are likely to have low-income, sending low
ability children to madrassa will cause a downward bias of the income effect (i.e., a more
negative income effect than the true effect). Parental preference for religious activities will
increase the chances of children’s madrassa enrollment. At the same time, as discussed
above, religiosity is related to household income. If religiosity is positively associated with
income, the income effect on madrassa enrollment will be biased upward (a less negative

income effect).

It is impossible to find a single measure that captures all aspects of parents’ religiosity.
The dataset used in this paper is rich in this context. There are ten categorical variables
representing various aspects of religiosity. In the main specification of school choice model,
I use an index constructed from these ten variables to measure religiosity and then also use

them separately as individual control variables in the robustness check section.

Measurement error is an additional problem. Errors in income measurement bias OLS
estimates towards zero. The net effect of these factors on the size and the direction of
the bias is virtually impossible to determine. To correct for the potential biases in income
effect on madrassa enrollment, I use rainfall variation as an instrument for monthly per

capita household expenditure. The OLS estimate of the income effect is close to zero,
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whereas the IV estimate shows that doubling the average level of per capita household
expenditure reduces children’s madrassa enrollment by about 34 percentage points. Along
with other robustness checks, I also construct lower and upper bounds for the IV estimate
by relaxing the exclusion restriction using methods proposed by Conley, Hansen and Rossi
(2012). T assume that the instrument is only weakly exogenous. The estimated bounds
exclude zero at moderately weak exogeneity and provide strong evidence in support of a

negative income effect on children’s madrassa enrollment.

Like the income effect on madrassa enrollment, estimating returns to education is also
difficult due to ability bias and potential measurement error in education variables. The
presence of these two types of problem, however, sometimes may be a boon in canceling
out each other’s effect. |Card (2001a) in a survey of studies on returns to education finds
that the IV estimates of returns to schooling are as big or bigger than the OLS estimates.
Trostel, Walker and Woolley (2002) estimate returns to education for 28 countries using
comparable microdata and find that OLS estimates are about one percentage point lower
than the IV estimates. Probably the most rigorous estimate of returns to education for In-
donesia is obtained by |Duflo| (2001), who uses the school building program by the Indone-
sian government in the 1970s to construct instruments. She finds that OLS estimates are
not statistically significantly different from I'V estimates and are very similar. In this paper,
along with OLS, I use a heteroskedasticity based identification method proposed by Klein
and Vella (2009), henceforth KV, to overcome the endogeneity problem. |[Klein and Vella
(2009) show that in the presence of heteroskedasticity, parameters can be identified without
exclusion restrictions. The OLS estimates of returns to education in this paper are compa-
rable to the findings in Duflo/ (2001). As part of robustness check of the OLS estimates, I
use a method proposed by Oster (2016). This approach uses the selection on observables
as a guide for the selection of unobservables. I find that even when the selection on unob-
servables is twice as important as the selection on observables, the bias adjusted estimates

are very close to the OLS estimates. I also apply several other methods, and OLS estimates



are similar to those estimates. The KV estimates of the returns to education are quite large
compared to the OLS estimates. All these methods, including KV estimates, present the
same pattern in returns to education: returns to general education are significantly higher
than those of madrassa education. The OLS estimates show that junior high school grad-
uates from general schools earn about 53 percent more than non-graduates. On the other
hand, the earnings of junior high school graduates from madrassas are small and not signif-
icantly different from non-graduates. The significance test of earning differential between
junior general school and junior madrassa graduates shows that general school graduates
earn about 26.5 percent more than madrassa graduates. The KV estimates show similar
patterns but the estimates are too large compared to the returns to education estimates in

the existing literature.

The results from the school choice model in conjunction with the market returns to edu-
cation indicates that madrassa education generates a low-income trap for households. The
households with lower income send children to madrassas, and those children are expected
to earn less than the general school graduates which in turn is likely to increase the proba-

bility of the next generation of the madrassa educated parents attending madrassas.

The rest of the paper proceeds as follows. Section (2.2) presents a review of related litera-
ture that helps understand the context of the paper. The next section discusses the education
system in Indonesia. Section offers a conceptual framework that explains the main
hypothesis of the paper and guides the empirical estimation process. The next section out-
lines the empirical strategies used to tackle the potential sources of biases in the estimation
process. Section (2.6) discusses the data used and the relevant variables used in this paper.
The main results of school choice model are presented in subsection (2.8.1]) and that of re-
turns to education in subsection (2.8.2)). Section [2.9|presents robustness checks of the main

findings. The paper concludes with the summary of the paper and policy implications.
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2.2 Literature Review

The research on Islamic religious education and income is limited. However, there are
some studies linking income and religion that lie within the periphery of the theme of this
paper. A few macro level studies explore how religion affect economic growth. Barro and
McCleary| (2003) estimate the effect of religion on economic growth using instrumental
variables approach to overcome biases due to selection on unobservables. They use two
variables to represent religion - religious belief and monthly church attendance. The in-
strumental variables used are the presence of a state religion and regulation of the religion
market, the composition of religious adherence, and an indicator of religious pluralism.
Their results show that religious belief, especially belief in hell, increases economic growth,
whereas church attendance reduces growth. McCleary and Barro| (2006) discusses the in-
terplay of religion and economic growth across countries. Using absolute degree latitude
and land-locked status of a country as instruments for economic development, they show
that per capita GDP has a negative effect on religiosity. Durlauf et al.| (2012) reexamines
the finding of Barro and McCleary (2003) and conclude that there is no robust relationship
between economic growth and religiosity. Campante and Yanagizawa-Drott (2015) exam-
ine the impact of religiosity on economic growth by using Ramadan fasting (the practice
of a month long dawn to dusk fasting by the Muslim) to represent religiosity in a country
level study. To overcome the endogeneity problem, they utilize the variation in the length
of fasting time due to the interaction between the rotating Islamic calendar and a country’s
latitude. They find that longer Ramadan fasting has a negative effect on economic growth

in Muslim countries though it increases subjective well-being among Muslims.

Using household level data from Indonesia, Chen| (2010) investigates the relationship be-
tween religious intensity and economic distress using a social insurance model. In his
model, participation in religious activities functions as ex post social insurance that re-

duces credit constraints during financial distress. Using hectares of wetland owned before
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the 1998 financial crisis in Indonesia and whether household head has a government oc-
cupation as instruments for income shock, he finds that a $1 decline in monthly nonfood
expenditure increases households’ Quran study by 2 percentage points and increases the

probability that households will switch their children to madrassa by 1 percentage point.

Berman and Stepanyan| (2003)) estimate the returns to schooling for Indonesia and three
other countries using OLS and find that the returns to education are lower for households
that have children attending madrassas. They find that returns to general education are
about 11.6%, and that the returns to madrassa education are about 2 percentage point lower
than that of general schools in Indonesia. For Bangladesh, they find that returns to madrassa

education are about 7 percentage points lower than that of general schools.

Cornelissen and Jirjahn (2012) find that in Germany, religious (Catholic and Protestant)
upbringing of nonreligious individuals is associated with higher earnings. Bettendorf and
Dijkgraaf| (2010) find that church membership increases household income in high-income
countries, whereas it decreases income in low-income countries. [Ewing| (2000) shows that
Catholic upbringing of individuals is associated with higher earnings in the US which may
result from signaling of characteristics desirable in the labor market or an increase in hu-
man capital. Neal (1997) shows that Catholic schooling increases academic achievement
among urban minorities in the US. He also finds that Catholic schooling is associated with
the higher wage of male minorities. [Steen| (2004) reports that men in the US raised as
Catholics and Jews have higher earnings. Kim| (2011)) finds Catholic schooling to be sig-
nificantly associated with higher wages over the careers of high school graduates of 1957
in Wisconsin, USA. To take selection into Catholic schools into account, she uses an IV
method. The instruments used are Catholic religion of the individual and the proportion
of Catholic population in the county of residence. Jha and Polidano| (2015) find that in
Australia, Catholic schooling has a long-run wage premium over public schools. They use
Household Income and Labour Dynamics Australia (HILDA) survey data and use a fixed

effects model to estimate the effect of Catholic schooling on wages at the peak ages of
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respondents’ careers. They find that the wage rate growth of Catholic school graduates
is 12% higher than that of public school graduates. |Vella (1999) estimates the effect of
Catholic schooling on educational attainment and labor market outcomes in Australia. He
finds that Catholic school attendance of Catholics increases the probability of completing
high school by 17 percentage points and the probability of being employed by about 7
percent compared to Catholics attending public schools. He also finds some evidence of a

positive effect of Catholic schooling on wage rates.

Bedi and Garg| (2000) estimate earnings differentials of individuals in Indonesia. They
decompose observed earnings differentials due to differences in individual characteristics
attending a particular school type, differences in the estimated parameter of the earnings
function, and selectivity bias. They find that public secondary school graduates enjoy about

47% advantage in earnings over their counterparts in private Islamic schools.

There are a few papers that discuss the relationship between income and religiosity and
choice of schooling in Muslim countries. |Andrabi et al.| (2006) using three sets of data
(1998 Population Census; Pakistan Integrated Household Survey, 1991, 1998 and 2001;
and Learning of Educational Achievement in Punjab Schools, 2003), examine the current
state of madrassa enrollment in Pakistan. They find neither religiosity nor household in-
come to be important factors in explaining madrassa enrollment of children in Pakistan.
One interesting finding in their analysis is that, if there are no general schools (public or
private), households are more likely to exit from the educational system instead of sending
children to madrassas. Newhouse and Beegle| (2006) examine the performance of junior
high school students by school type. They find that public school students perform bet-
ter than the Muslim school students, though private madrassa students’ performance is no
worse than the private general school students’. They also examine the relationship be-
tween household income and madrassa enrollment to examine the nonrandom selection
into public schools. They use a two-period model that suggests that households that place

higher values on education send children to public school but richer households send chil-
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dren to private school. They do not explicitly model religious affiliation of schools. Their
empirical estimates show that income does not have any significant impact on the probabil-

ity of madrassa enrollment.

Asadullah et al. (2015), however, directly take school types and parental religiosity into
account in their two-period model to identify the determinants of madrassa enrollment in
Bangladesh. They do not directly take endogeneity of the income variable into account
but include two religiosity indicators as control variables to reduce biases due to parental
preference for school types. Their estimates suggest that the households that belong to
the first two quartiles in the income distribution (poorer households) send a larger share of
the children to madrassas compared to the households in the top two quartiles. They also
find that households in which parents pray 5 times daily are more likely to send children
to madrassas. However, as pointed out earlier controlling for religious preference with
two indicators may not be enough to identify the causal impact of income on children’s
madrassa attendance. Simple estimation techniques that do not take endogeneity of the
income variable into account do not necessarily estimate the causal relationship between
income and parental school choice. Besides, earlier works do not study school choice
and returns to education in a single framework. Hence a more comprehensive approach is
needed. In this paper, I use an instrumental variable approach to identify the causal effect
of income on madrassa enrollment and check for a potential poverty trap by comparing

returns to general and madrassa education.

2.3 Education in Indonesia

Indonesia is the largest Muslim country in the world with a population that is about 88
percent Muslim. The Indonesian education system can be classified into two broad groups:
general (or secular) education and religious education. General schools are managed by the

Ministry of National Education (MoNE) and formal religious education is supervised by
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the Ministry of Religious Affairs (MoRA). General schools follow the national curriculum
set by MoNE and have three levels — primary, secondary and higher education. Primary
education consists of 6 years of schooling. Secondary education is divided between junior
and senior secondary education. Junior secondary education consists of 3 years of school-
ing after primary education. Upon completion of junior secondary education, students can
choose between senior secondary school or can pursue vocational or pre-professional ju-
nior and senior secondary schools. Secondary school levels can then be followed by higher
education that includes university degrees, non-degree diplomas or professional programs
(Frederick and Worden, 2011, pp. 150-152). The ages of the students studying in primary,
junior secondary and senior secondary schools, and higher education are approximately
between 7 years to 12, between 13 to 15 years and 16 tol8 years, and between 19 to 29

years, respectively.

The religious education system is predominantly Muslim. There are state approved formal
Muslim schools and also non-formal Muslim schools organized by other organizations.
Similar to the general school system, madrassas also have primary (madrassa Ibtidaiyah),
junior secondary (madrassa Tsanawiyah) and senior secondary schools (madrassa Aliyah).
These madrassas integrate religious courses with courses from the national curriculum
taught in general schools. (USAID, 2007, p. 9). Apart from the formal madrassa, there is
another form of Islamic religious school known as pesantren. While madrassas under the
MoRA are day-schools, pesantrens are Islamic boarding schools. Pesantrens do not have
any common curriculum and mainly focuses on imparting students with the knowledge of
Quran, Hadith, Jurisprudence, and other religious knowledge. Pesantrens are not organized
as a progression of courses leading toward graduation (Chen, 2010). However, a sixth-
grade certificate can be achieved after completion of pesantren by taking a test offered by
the state (Frederick and Worden, 2011, p. 154). In Indonesia, madrassas are generally

perceived to provide lower quality education (Frederick and Worden, 201 1J).
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2.4 Conceptual Framework

Investment in children’s education is crucial for both parents and children. Education helps
children acquire the necessary marketable skills that contribute to their own well-being. In
addition, parents in developing countries often rely on children in their old age for financial
support. Apart from that, parents may care about the religious return from their invest-
ment in children’s education depending on their level of religiosity. The type of schools
children attend may influence their religiosity. For example, since madrassa curriculum
includes more religious courses, madrassa education may make children more religious

which increases parents’ religious returns.

There are a few studies that explore school choice in Muslim countries. Alderman, Orazem
and Paterno (2001) analyze parents’ choice of private versus public schools in Pakistan but
do not address religious school choice made by parents. They use a utility maximization
problem where parents derive utility from consumption of goods and formation of chil-
dren’s human capital which depends on school type and quality. Bedi and Garg| (2000),
in their analysis of earning differentials between private and public school graduates in In-
donesia use a model that compares the present value of the stream of future income net
of costs for different types of schools. In their model parents chooses the type of school
that yields the highest net present value. Their empirical estimation includes madrassa as a
separate category. A more detailed framework is used by Newhouse and Beegle| (2006)) in
their analysis of student performance across different types of schools in Indonesia. They
view parental school choice as a two-period utility maximization problem. In the first pe-
riod, parents use their earnings for consumption of goods and children’s education. In
the second period, parents receive a transfer from children based on their earnings. Thier
model predicts that parents send children to public schools if they place higher values on
education but richer households send children to private schools. |Asadullah et al. (2015)

use a similar two-period model that includes parental religiosity and religious affiliation
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of schools. They find that there is a positive effect of religiosity on madrassa enrollment
in Bangladesh. Their model also suggests that if parental income rises, so does general
school enrollment. The conceptual framework in this paper falls in line with the last two
papers. However, I approach household school choice in a dynastic household framework.
That is, I consider an infinitely surviving household that consists of two types of household
members - parents and children. Each generation survives three periods. In the first period,
an individual attends school chosen by his parents. In the second period, he works and
makes consumption and his children’s schooling decisions. He retires in the third period
and dies at the end of that period. This framework provides the necessary link between
the household and the future generation of the household. So schooling decision made by
parents in the second period has consequences both for themselves as well as children’s

future earnings and consumption and for the generations after.

Two crucial factors that are the main focus of interest in this paper are financial aspects
of madrassa enrollment (earnings and costs of school) and parental religiosity. USAID
(2007) reports the costs of attending madrassa are lower than general school. Lower costs
of madrassa are likely to increase a child’s probability of madrassa enrollment. This means
that low-income households are more likely to choose madrassa for children’s education,
holding other factors constant. Similarly, parents prefer higher economic returns to chil-
dren’s education that allows higher future consumption. If general education yields higher
labor market returns, parents are more likely to send children to general school. However,
in the presence of high uncertainty about the returns to different types of education and
borrowing constraints, low-income households may actually choose the type of school that

incurs the lowest costs.

The other important factor affecting parents’ decisions is religiosity. Religious parents
place higher values on religious education for children. Since low-income households may
send children to madrassa due to lower costs, it is important to understand, how returns to

madrassa education compare with that of general education. As madrassa education places
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more emphasis on religious knowledge, students are expected to acquire less marketable
skills compared to students in general education. Hence, madrassa graduates are expected
earn less than the general school graduates. Under these circumstances, low-income house-
holds may fall in a never ending trap of low-income for generations. The following section

describes the empirical strategy to explore the potential madrassa trap.

2.5 Empirical Strategy

To test the hypothesis of madrassa trap, I first estimate a school choice model that explores
the causal impact of income on madrassa enrollment. Next, I estimate the returns to ed-
ucation for both types of school, madrassa and general school, to see how the return to

madrassa education compares with that of general education.

The school choice model is estimated using the following equation.

M; = 8Yi+X,B+ei 2.1)

where M; is 1 if individual (child) i attends a madrassa and O otherwise, Y; is the per capita
monthly income of the household, X; is a vector of child, household and community charac-
teristics including religiosity of the household head and e; is the error term. The coefficient
0 is the effect of income on madrassa enrollment. A negative value of 6 conforms to
the conventional wisdom that poverty increases the probability of children’s madrassa en-
rollment, whereas a non-negative value of d rejects the poverty hypothesis. An unbiased
estimate of J is difficult to obtain using simple estimation technique as Cov(Y;,e;) # 0.
There are at least three reasons for income to be correlated with the error term not all of
which necessarily bias the estimate in the same direction. First, the unobserved ability of

children is captured by the error term. Parental ability affects income household income
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and is also transmitted to children. For example, a comparison of biological and adopted
children in the US shows that about 55-60 percent of parental ability, measured as IQ rel-
evant for school achievement, is genetically transferred from parents to their biological
children (Plug and Vijverberg, 2003). Another study shows that in Norway, a 10% increase
in father’s 1Q score at age 18 is associated with a 3.2% increase in son’s score (Black, De-
vereux and Salvanes, 2009). As low ability parents are expected to earn less and, if at the
same time, they send children to low cost schools such as madrassas, the estimated income
effect will be biased downward (a more negative income effect). There is also anecdotal
evidence that suggests that parents send children performing poorly in general schools to

madrassas which may cause negative selection into madrassa.

Secondly, parental religiosity may also be associated with their income as well as children’s
madrassa enrollment. More religious parents place higher values on madrassa education as
a madrassa educated child will make a larger contribution to their religious return. The
nature of the relationship between income and religiosity is, however, inconclusive. (Chen
(2010) finds that economic distress in Indonesia increased household’s participation in re-
ligious activities. If income and religiosity are negatively associated and more religious
parents send children to madrassas, then the estimated income effect would be biased
downward. However, in other contexts, the nature of the relationship between income
and religiosity is found to be positive, especially, for high income countries (Bettendorf;
and Dijkgraaf], 2010). In that case, estimated income effect will be biased upward. I use
a religiosity index constructed from several categorical variables as a control variable for
religiosity. However, as Barro and McCleary| (2003)) point out, some aspects of religiosity
have positive effects on income, whereas others have negative effects. So, there is likely to
be unobservable aspects of religiosity that cannot be controlled and may bias the estimate

despite controlling for the observable attributes.

Finally, there are measurement errors. Income or expenditure data are collected on a recall

basis and are subject to measurement errors. The measurement error in the income variable
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biases the estimated income effect towards zero. The net effect of the biases from different

sources is difficult to identify.

To estimate the causal effect of income on madrassa enrollment, I employ an IV method
using rainfall variation as an instrument for per capita monthly expenditure of the house-
hold. I estimate bounds for the IV estimate of the income effect using methods proposed by
Conley et al.|(2012). They propose four methods of estimating bounds for the IV estimate
if the exclusion restriction is violated. Their empirical examples show that these four meth-
ods basically give two sets of bounds. So, I use two methods, namely union of confidence
interval (UCI) and local to zero (LTZ) methods. UCI gives wider bounds compared to LTZ.

The basic structure of the bounds is discussed further in Section 2.7.11

The returns to education for madrassa and general school are estimated using the following

equation.

Ln(yjx) = OEji + Z;k(bk +MNjk, k= madrassa, general school (2.2)

where y i is the hourly income of individual j who graduated from school type k; Ejis
a binary variable taking on 1 if the individual completes 9 to 12 years of education, Z;
is the vector of control variables and 7;is the error term. Here, (Ogeneralschool — Omadrassa)
gives the difference between returns to junior high school for general school graduates and
the madrassa graduates. Estimation of the returns to education is a daunting task due to
unobserved ability and measurement errors. Unobserved ability causes upward bias of the
returns to education estimates, whereas measurement error in education variable causes
downward bias. The instruments used in many studies estimating returns to education are
compulsory schooling laws (Angrist and Keueger, |1991; Harmon and Walker, 1995 Ore-
opoulos, 2006; Pischke and Von Wachter, 2008} |Devereux and Hart, [2010), distance to
educational institutions (Card, [1995bj; Kane and Rousel |1995; S6derbom, Teal, Wambugu,

and Kahyarara, 2006), and family background (Blackburn and Neumarkl, 1995 Hooger-
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heidea, Block and Thurik, 2012)). The use of family background variables as instruments
has been criticized because these variables may also have direct effects on the respondent’s
income. Compulsory schooling laws in Indonesia are not reasonable instruments as there
are several policy interventions within the proximity of the changes in schooling laws such
as the school construction project in the 1970s and changes in schooling laws from 1984
to 1994. Besides, these policies are generally focused on general education. Consequently,
I use an alternative to IV method proposed by Klein and Vella (2009) that utilizes het-

eroskedasticity in the model to tease out the causal effect of education on earnings.

Card (2001a) reports that the IV estimates of returns to education are as big as OLS es-
timates or bigger. Duflo (2001) reports that in Indonesia, the IV estimate of returns to
education is similar to OLS estimates. Some researchers argue that the large IV estimates
are the result of smaller ability bias and large bias due to measurement errors (Griliches),
1977 Angrist and Keueger, |1991;; |Card, 2001a). Given these findings, I use OLS and het-
eroskedasticity based identification strategy to estimate the return to madrassa education
and general education. I also utilize an approach proposed by Oster| (2016)) which is an ex-
tension of |Altonji et al.|(2005)). This method uses the selection on observables as a guide to
the selection on unobservables. However, unlike |Altonji et al.| (2005), |Oster| (2016) utilizes
the information on R? and allows for the level of selection on unobservables to be differ-
ent from that of observables. I use this method to check the stability of the OLS estimate
of the difference in returns to junior high school between general school and madrassa.
The education variable used in this paper is a binary indicator for completing junior high
school. The reason for using a binary variable for education is to take account of potential
nonlinearity of returns to education. I choose completion of junior high school as the cut-
off value because Indonesian law requires 9 years education for all children. Besides, the
average years of schooling in Indonesia is slightly above 8 years. However, it must be kept
in mind that the main purpose of estimating the return to education is not to identify the

exact value of it but to identify how the return to madrassa education compares with that of

21



general education. Hence, using a binary education variable does not pose a threat to the

main purpose.

The combination of the estimates from equations (2.1)) and (2.2)) allows me to examine the
madrassa trap hypothesis. That is, if income effect of madrassa enrollment is negative and
at the same time, the return to madrassa education compared to that of general education is

lower, the results are suggestive of a low-income trap for poor households.

2.6 Data

The main dataset used in this paper comes from 4th wave of Indonesia Family Life Survey
2007/08 (IFLS4). The first wave of the survey covered 13 provinces out of 27, cover-
ing 83% of the Indonesian population. Within these 13 provinces, 312 enumeration ar-
eas (EAs) were randomly chosen from a nationally representative sample frame used in
the 1993 National Socioeconomic Survey (SUSENAS), a socioeconomic survey of about
60,000 households. With a target of interviewing 7000 households, 20 households from
urban EAs and 30 households from rural EAs were randomly selected. In total 7,224
households were interviewed. The fourth wave (the data I use in this paper) was conducted
between November 2007 to May 2008. A total of 13,995 households that include the orig-
inal households and the split offs were contacted and 13,535 are finally interviewed. The
attrition rate in the survey is relatively low. In the fourth wave, 90.6 percent of the original
households are contacted. The data are collected using two sets of questionnaires — house-
hold survey questionnaires and community survey questionnaires. The data on household
and individual characteristics come from the household questionnaires in different books
and modules. The community questionnaires provide the information on community char-
acteristics. There some variables for which information are available in multiple books,
some reported by the respondent who provides the household information and others pro-

vided by another person having first-hand knowledge. For example, education information
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for individuals is available in the household roster as well as in another book that used for
interviewing individual household members. Assuming that the individual has better in-
formation about himself or herself than any other members of the household, I correct any
discrepancies between the two sets of information by replacing the information from the

individually reported sections. The same approach is applied to other variables as needed.

The school choice model focuses only on children currently attending school. The underly-
ing reason is that Indonesia has compulsory schooling law that requires 9 years of schooling
for all children instituted in 1994@ Besides, Indonesia has achieved near universal primary
school enrollment with an adjusted net enrollment rate of 98.58 percent with a progression

rate to secondary school of 91.37 percent in 200

The dependent variable is a binary variable taking on 1 if the child is currently attending
madrassa and O otherwise. In school choice model, I restrict the sample to primary and
secondary school aged children who usually range from 7 to 18 years of age. There are
some children who are attending primary school at age 6 and some attend senior high
school at age 19 and are included in the sample. So the age cutoff is 6 to 19 years. The
reason for this restriction is that parents have a stronger influence on school choice for
children when children are young. Additionally, the compulsory schooling law in Indonesia
has been expanded to 12 years of schooling. There are 12,323 children in this age range.
Since madrassa education is exclusively for Muslim children, I drop 1,339 non-Muslim
children from the sample (about 11%). I drop another 1,097 observations for which there
are some discrepancies in age or the age of the household head is too low or too high. I also
drop household head or spouse of the head, head’s parents, head’s cousins, servants, other
non-family members from the sample. The focus of the paper is parental school choice
for children. Hence, I drop another 1,984 observations of children who are not currently

attending any school. I lose a few more observations due to missing values of the control

The law has been revised with a mandatory schooling of 12 years in 2016.
3World Development Indicator 2014.
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variables leaving a final sample of 7,270 children from 4,906 households for analysis.

The main explanatory variable of interest in the school choice model is household income. 1
use monthly per capita household expenditure as a proxy for income. IFLS collects data on
household expenditure and reports monthly aggregate household expenditure (see Witoelar
(2009) for details). Monthly per capita household expenditure is the total household food
and non-food expenditure divided by the household size. Food expenditure includes ex-
penditure on food purchased from the market and the value of the own production or gifts.
Non-food consumption includes expenditure on frequently and less frequently purchased
goods, expenses on education, the value of own produced goods and cost of housing. For
the purpose of robustness check, I use the average expenditure from IFLS4 in 2007 and
the previous wave in 2000. The expenditure in 2000 is adjusted for inflation and converted
to 2007 rupiah using consumer price index (CPI) collected from the Statistics Indonesia

(Badan Pusat Statistik (BPS)) website.

The rainfall data used to construct an instrument for income are collected from Climate Re-
search Unit (CRU) of University of East Anglia (Harris, Jones, Osborn, and Lister, 2014).
CRU estimated monthly rainfall data with 0.50 longitude by 0.50 latitude resolution cov-
ering the global land surface from the monthly observations at weather stations across the
global land areas. IFLS collected GPS coordinates for 304 communities in the first wave
in 1993 (the coordinates for other 8 of 312 communities are missing). Using the GPS coor-
dinates of the surveyed communities, I calculate the minimum distance between the IFLS
communities and CRU coordinates and use the average rainfall data of the nearest three
coordinates. However, if the distance between the IFLS community and the farthest of
the three coordinates is more than 10 miles the distance between IFLS community and the
2nd farthest coordinates of the three, I use the average of the nearest two, and the nearest
only if the second nearest is farther than 10 miles from the closest one. About 25% of the
households lies within 8.71 miles of the CRU coordinates, 50% within 12.73 miles, 75%

within 16.17 miles, 95% within 19.48 miles and 99% within 23.55 miles. There are two
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communities for which there are missing values of rainfall for nearby CRU half degree
coordinates. The rainfall data available for these two communities (29 households) are
for places which are 72.95 and 79.04 miles away. Except for the households in these two
communities, the rainfall data will be a reasonable approximation of the true rainfall in the
communities. For these two communities and for communities without coordinates data, I

use the subdistrict/district level average rainfall.

The control variables included in the school choice model are age and sex of the child;
household head’s religiosity, age and age squared and ethnicity; household’s ownership
of farmland; household’s location (rural or urban), log of population in the community;
dummy variables for community having any hospital, factory/plant, access to piped water,
percent of electricity users in the community, and dummy variables for communities expe-
riencing natural disasters last year, or in the last 2, 3 or 5 years. The religiosity variable used
in the main specification is an index constructed from 10 categorical variables converted to
dummy variables. The religiosity variables equal 1 if the household head prays five times
a day, eats only halal food; is intolerant of non-Muslim in the community, of non-Muslim
neighbors, of non-Muslim tenants, of non-Muslim in-laws, of non-Muslim house of wor-
ship in the community; trusts non-Muslim neighbors less, votes for Muslim candidates,
and votes for more religious Muslim candidates. I take the average of these variables to
represent religiosity of the household head. The value of the index ranges from O to 1 with
0 being least religious and 1 being most religious. In robustness check section, however,
I use the dummy variables for individual questions as they are to represent religiosity in-
stead of the index. The summary statistics of the variables in the school choice model are
presented Table [A. 1] In my sample 18% of the children is currently attending madrassa,
average of monthly per capita household expenditure is 49 million rupiahs (about $536),
average age of the children is 11.26 years, 51% of the children are boys, average age of
household head is 44.47 years, 43% of them are Javanese and 48% of the children live in

rural areas.
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The dependent variable in the returns to education model is hourly earnings for working
individuals. I restrict the sample to individuals aged 20 to 65 years. There are 15,263 indi-
viduals currently working. Since the primary focus of the paper is madrassa education and
non-Muslim individuals usually do not attend madrassas, I include only Muslim individu-
als in the analysis which leaves me with 13,541 observations. The education variable in the
returns to education model is a binary variable for completing junior high school (which is
9 years of schooling). So I restrict the sample to individuals completing 6 to 12 years of
education so that the return to completion of junior high school can be compared to com-
pleting primary school (6 years of education). That leaves me with 8,841 observations, of
whom 7,638 last attended general schools and 1,203 individuals last attended madrassas.
For the purpose of robustness check, I use the entire 13,541 sample of working Muslim
individuals aged 20 to 65 years and compare the returns to 9 or more years of education

with those of 0 to 8 years of education.

The control variables used in the returns to education model include sex of the individual,
marital status, potential years of experience and experience squared, ethnicity of the indi-
viduals and subdistrict fixed effects. Two of the control variables require an explanation.
Potential work experience is calculated by subtracting the years of schooling and the school
starting age from current age of the individual. If school starting age is missing, potential
work experience is calculated by subtracting years of schooling plus 7 years from current
age. Here, 7 years is used as school starting age because the usual school starting age is
about 7 years. The ethnicity of the individuals is represented by three dummy variables for
Javanese, Sundanese and “other” with “other” as the reference category in the model. In
the sample, 13.61 percent individuals attended madrassa as their last educational institu-
tion. The average hourly earnings for the whole sample is 4,741.74 rupiah (about $0.52).
The average hourly earnings of those who attended general schools is 891 rupiahs higher

than those who attended madrassas.
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2.7 Identification strategy

2.7.1 School choice model
Instrumental variable strategy:

Indonesia is the largest archipelagic state in the world with more than 18,000 islands (Cribb
and Ford, 2009). Split by the equator, it is located between 6Y 08 Nand 11° 15 S, and
949 45 E and 141° 05 W and has almost tropical weather with little variation in temper-
ature. It is characterized mainly by two seasons, wet and dry seasons, influenced by the
equatorial and meridian air circulation. Rainfall is likely to play an important role in In-
donesian agricultural production. As of 2005, only 16.28 percent of Indonesian agricultural
land is irrigatecﬂ Though agriculture contributes only 15% to Indonesian GDP, this sector
accounts for about 40% of total employment. Empirical studies have shown that weather,
especially rainfall shocks, has a significant impact on the agricultural sector. Levine and
Yang (2014) investigate the impact of weather variation on agricultural output in Indonesia
for the period of 1993 to 1999 using district level data. They examine the impact of rainfall
on district level rice output using the deviation of the log of district level rainfall from the
log of district level mean rainfall from 1953 to 1999. They find that 10% higher contempo-
raneous rainfall leads to 0.4% higher rice output. Naylor et al.| (2001)) examine the impact
of El Nino/Southern Oscillation (ENSO) on Indonesian rice production for the period of
1971 to 1998. They focus on the island of Java that accounts for about 55% of the total
Indonesian rice production where nearly 60% of the country’s population lives. They show
that low rainfall in the wet season delays the wet season planting. This delayed planting
affects the whole year cropping pattern. They find that rainfall variation in September-
December can explain about 84% of the variation of area planted in September-December

and 81% of the variation of area harvested in January-April. Naylor et al.| (2007) estimate

“World Development Indicator 2014
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the impact of 30-day delay in the onset of the monsoon reduces January-April rice pro-
duction in East Java/Bali by 11% and in West/Central Java by 6.5%. Skoufias, Katayama,
and Essama-Nssah (2012) estimate the impact of and delayed monsoon and low wet season
rainfall on rural Javanese household welfare measured by household expenditure per capita
using IFLS 2000 data. They do not find any significant effect of a delayed monsoon. How-
ever, a low rainfall shock after the outset of monsoon reduces rice farming household’s per

capita expenditure by about 12%.

The contemporaneous rainfall shocks generate transitory shocks to household income (Pax-
son, 1992), whereas schooling decisions are likely to be influenced more by long run house-
hold income. The reason is that parents are not going to change children’s schools every
year if they experience a positive or a negative income shock. To induce variations in
the long run income, I use a dummy variable representing high rainfall variations in the
community in the long run. High rainfall variation generates higher uncertainty, and risk
averse individuals may act in a way that mitigates the risks but also reduces income. To
generate long-run variation in income, I use high rainfall variation over 26 years periods.
The dummy variable representing high rainfall variation is constructed as follows. I first
calculate the community level coefficient of variation of annual rainfall for 26 years. If
the coefficient of variation of a community is higher than the median value, I assign 1 to
represent high rainfall variation and a value of 0 is assigned otherwise to represent low long

run rainfall variation.

Rainfall variations are used as instruments for income in the school choice model. The
identification assumption is that the rainfall variations do not have a direct influence on
household decisions regarding children’s madrassa enrollment other than through income
and rainfall variations are not correlated with the error term. There can always be ques-
tions about the validity of the instrument. One might argue, however, that rainfall variation
may affect parental choice of school type through other channels. The potential sources

are - (1) parental religiosity and (2) households’ distance to school. It is possible that in-
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dividuals in areas with high rainfall variation are more religious than the others. Table
[A.4] shows that household heads are more religious in areas with high rainfall variation. A
closer inspection shows that household heads are more religious in high rainfall areas for
both groups, attending general school and madrassas. It is true that religiosity level may be
higher in high rainfall areas but that does not necessarily mean that higher religiosity con-
verts into higher madrassa enrollment. If so, then the difference in religiosity level should
be higher for the group attending madrassa than the group attending general school. So,
I compare the difference in difference in religiosity and find that it is small and statisti-
cally insignificant as shown in Table Even if there is any chance that high rainfall
variation affects madrassa enrollment through religiosity, controlling for religiosity should
allay the remaining concern. A similar exercise is conducted for households’ distance to
school measured as minutes for a one-way trip to school. The difference by rainfall vari-
ation is statistically significant but the difference-in-difference is not. That may suggest
the absence of the effect of rainfall variation on madrassa enrollment through distance to
school. Due to some missing observations, I do not control for distance to schools variable
in the main specification. When I estimate the model including this variable as a control
for robustness check, income effect is very close to the main estimate and the coefficient of
the variable itself is statistically insignificant (probably because the controls for community
characteristics capture the effect of this variable). The test statistics for weak-identification
and under-identification tests are presented with the results that support the validity of the

instrument.

Set identification: Bounds under violation of exclusion restriction

The instrumental variable approach relies on perfect exclusion restriction (that is, zero cor-
relation between the instrument and the error term). If this assumption is violated, the
IV estimates will be biased and inconsistent. Conley et al.| (2012) propose methods for

performing inference with imperfect instruments. The assumption of the perfect instru-
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ment is relaxed and the instrument is assumed to affect the outcome variable through other
channels. Again, in the context of this paper, the other variables could be unobservable
components of religiosity or location of household relative to madrassas/general schools
that affect madrassa enrollment if an area has high rainfall variation, for example. Con-
ley et al.| (2012)) propose a parameter 7y that reflects how closely the exclusion restrict is

satisfied in the following extended model where Z; is the instrument.

M; = 8Yi+X.B+Ziy+e; (2.3)

A perfect instrument means ¥y = 0. They suggest using apriori information regarding the
relationship between instruments and the outcome variable and assume the values of y to
estimate bounds of &, the income effect on madrassa enrollment in this paper. They propose
four methods but their empirical examples show that they basically give only two sets of
intervals. I use two methods, one from each of the sets, namely union of confidence interval
(UCI) and local to zero (LTZ) methods. UCI requires assumptions about the maximum and
minimum value of ¥ to generate a confidence interval for the treatment effect. The LTZ

method requires distributional assumptions about 7.

2.7.2 Returns to Education:
Identification strategy for Klein and Vella (2009) approach:

Estimation of equation (2.2) -Ln(yx) = 6kE jx —l—Z;.kq)k + Mk, in the absence of exclusion
restriction results in biased and inconsistent estimates. Many studies have exploited the IV
estimation method to generate exogenous variation in education to identify the causal effect
of education on earnings. Finding a valid instrument is a daunting task. The Indonesian

government has introduced various policies to increase the countries education level. There
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was a massive school building construction program in Indonesia during the oil boom in
the 1970s (Duflo, 2001). Indonesia also passed 6 years of compulsory education law in
1984 and revised it with 9 years in 1994. Using mandatory schooling law is not a viable in-
strument as there are likely to have overlapping effects of different policies. Besides, these
policies are also likely to have little effect on madrassa education as they are mostly fo-
cused on general education. Instead, I use a heteroskedasticity based identification strategy
proposed by Klein and Vella (2009). They show that in the presence of heteroskedasticity,
it is possible to consistently estimate the earnings equation without external instruments.
Millimet and Tchernis| (2013)) use a parametric version of |[Klein and Vella (2009) estimator
that performs well when the treatment equation has heteroskedastic error structure. I use
a similar parametric version of the Kleimn and Vellal (2009) method to estimate the causal
effect of completing junior high school on earnings in Indonesia and compare them how
they differ between madrassa and general school. There are several reasons for choosing
completion of junior high school as treatment variable instead of other levels of school-
ing. First, since 1994 that is the required level of school by compulsory education law in
Indonesia. Secondly, the average years of schooling in Indonesia is close to 9 years. Avail-
able tests such as White, Breusch-Pagan and likelihood-ratio tests reject the assumption
of homoskedastic errors in both madrassa and general school samples. I first estimate the
following model using heteroskedastic probit model.

Ejn=1(X

Jkr-i-\/jk > 0) (2.4)

where Xj/.k is the vector of control variables in equation (2.2).

Here, I use the same variables used in equation 1} with E[v jx|Xjx] = 0and Var(v ;) = GJZk.
The error terms in equations (2.2)) & (2.4) are correlated, and equation (2.4)) is estimated

under the following assumptions using heteroskedastic probit model -
Pr(Ej=1) = ®(X,T)
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2 _ ' 2
o5 = {exp(Z;A)}
The vector Zj;. includes the same variables used in equation (2.2)) except for the subdistrict
or province fixed effects. Due to non-convergence, the heteroskedastic error is modeled us-

ing major island fixed effects instead. The islands are represented by the dummy variables

for Sumatra, Java, Borneo, Sulawesi and the other islands.

As pointed out by Klein and Vellal (2009a), this approach does not require knowing the
source of heteroskedasticity. However, the data used in this paper indicate that gender, eth-
nicity and regional factors contribute to heteroskedasticity in the treatment equation. In the
presence of son preference, parents may send low ability sons to school and will contribute
to higher error variance for males than females. Variances of educational achievement are
also likely to be higher for regions that are more densely populated compared to regions
that are sparsely populated. For example, nearly 60 percent of Indonesian population lives
in the island of Java. With higher density, individuals will have access to schools within a

short distance.

Coefficient Stability Check of the OLS estimates

Though the KV approach addresses the endogeneity issue, heteroskedasticity based identi-
fication lacks robustness. I conduct a coefficient stability check for the OLS estimates that
addresses the endogeneity issue. Altonji et al. (2005) propose a method for selection bias
correction without exclusion restrictions. They suggest using the selection on observables
as a guide to selection on unobservables and use that information to consistently estimate

the treatment effect. They assume equal selections on observables and unobservables in

/
COV(Ejk>ij¢k) o COV(Ejkvnjk)
Var(Zy o) Var(mp)

equation (2.2), that is, . |Oster| (2016) extends this method and

!
Cov(Ej,Zy0k)  Cov(Ej,njk)

in m I ional relationship, that i =
stead assumes a proportional relationship, that is, Var(Z;kd)k) Var(n )

where 1
represents the proportionality including ¢t = 1 which implies equal selections. Larger val-

ues of 1 indicate higher levels of selection on unobservables. For example, t = 2 implies
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that unobservables are twice as important as observables. Unlike Altonji et al.[(2005), Oster
(2016) utilizes the information regarding R2. She assumes that the maximum value of R2,
R2  isbounded by the estimated R2, R? instead of assuming it to be 1. In fact, based on her

max?>

review of published articles on randomized experiments, she suggests a value of R2 _ that

validates the estimated treatment effect in 90% of the experiments which is R2 = 1.3R2.

If the value of R?

-ax 1 known along with (1, it is possible to consistently estimate the true

treatment effect.

2.8 Results

2.8.1 School choice model

This section presents the empirical results of school choice model. The dependent variable
is a dummy variable taking on 1 if the child is currently attending madrassa and O if the
child is currently attending general school. The main regressors of interest are household
income and religiosity. I use monthly per capita household expenditure (in million rupiahs)
to represent income in this paper as expenditure is much more representative of permanent
income due to consumption smoothing. Column (1) of Table [2.1| presents the income ef-
fect and the effect of religiosity on madrassa enrollment using the full specificaition that
controls for children’s age and sex; household head’s age and age squared, ethnicity and
if the household owns any farmland; and community characteristics - rural/urban commu-
nity, log of population, hospital in the community, access to piped water supply, presence
of factory/plant in the community, percent of electricity users in the community, and if
the community had any natural disasters in the last 1, 2, 3 and 5 years. For comparison
purpose, Table [A.3] presents the OLS results without any control variables and also with
household characteristics. Using the same specifications presented in Table I also esti-
mate the marginal effect of income on madrassa enrollment using probit model. The probit

estimates are nearly identical to the OLS estimates and hence are not reported.
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As column (1) of Table[2.1{shows, the OLS coefficient of household expenditure is —0.0316
and statistically significant at 5%. This estimate suggests that when household expenditure
is doubled at the mean expenditure level (0.49 million rupiahs), the probability of a child
attending madrassa goes down by only about 1.55 percentage points (—0.0316 x 0.49 =
0.0155). The effect of religiosity in the model with household and community charac-
teristics is positive and statistically significant at 10%. The mean value of the religios-
ity index is 0.23. Doubling the level of religiosity of the household head at the mean
value increases a child’s madrassa enrollment probability by about 3 percentage points
(0.138 x 0.23 = 0.032). As discussed earlier, income is potentially endogenous in the
model and hence biased. Though oftentimes tests of endogeneity are called into question,
I conduct the Durbin-Wu-Hausman test to check if the expenditure is exogenous in the
model. The null hypothesis of exogenous expenditure variable is rejected at 1% level of
significance. Hence, I rely on the IV method to estimate the true income effect on madrassa

attendance.

The results from instrumental variables approach are presented in column (2) of Table [2.1]
using the same specification as in column (1). The instrument is a binary variable rep-
resenting high rainfall variation in the community. The bottom of the table presents the
first stage coefficient and the test statistics for the validity of the instrument. Each of the
corresponding first stage estimates shows that high rainfall variability is associated with
lower expenditure. This variation in expenditure corresponds to changes in permanent in-
come. High rainfall variation creates uncertainty and expected to have a negative impact
on income. The first stage results show that the coefficient of high rainfall variation is neg-
ative and statistically significant at 1% level of significance. The Kleibergen-Paap statistic
for under-identification test rejects the null hypothesis that the model is under-identified.
Angrist-Pischke F-statistic is (the same as the Kleibergen-Paap F-statistic here) for weak
identification test is 25.73, whereas the corresponding Stock and Yogo| (20035)) critical value

for the maximum relative bias of at least 10% is 16.38. Thus, I reject the hypothesis that
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the instrument used in this model is weak. The first stage results show that high rainfall
variation reduces monthly per capita household expenditure by about 0.082 million rupi-
ahs. The coefficient of expenditure is 0.691. That is, if monthly expenditure doubles, at
the mean value, then the probability of children’s madrassa enrollment falls by about 34
percentage points (0.691 x 0.49 = 0.339, mean income is 0.49). The coefficient of reli-
giosity index also implies that more religious parents are more likely to send children to
madrassas. The average value of the religiosity index is 0.23. Doubling the religiosity of an
average household head hence increases the probability of children’s madrassa enrollment

by about 6 percentage points.

Column (3) presents marginal effects from the two stage conditional maximum likelihood
(2SCML) estimation method proposed by Rivers and Vuong (1988). The income effect
from 2SCML is statistically significant at 1% and very similar to what I find using linear
probability model (-0.691 vs. -0.685). The coefficient of first stage residual is also statis-
tically significant at 1% and is quite large which lends additional support to the severity of

the endogeneity problem in OLS and simple Probit models.

The fact that the 2SCML is similar to the main IV estimate of the income effect is re-
assuring. However, the large difference between the OLS and the IV estimates deserves
some explanation. First, in the presence of measurement error in the expenditure variable,
OLS estimate will suffer from attenuation bias leading the income effect towards zero. The
second source of the difference may result from unobserved preferences that have positive
effects on income, for example, increased discipline in life. At the same time, if this unob-
served preference affects madrassa attendance positively, the OLS estimate will be much

smaller than the main I'V estimate in magnitude.

Oftentimes in empirical research, income is used in logarithmic form instead of level. The
coefficient of income with logarithmic transformation has a nice interpretation as it gives
the change in the outcome variable for a relative change in income. I use log of expenditure

to estimate the income effect with high rainfall variation as an instrument. The estimates
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are presented in column (4) of the table. The under-identification and weak-identification
conditions test statistics reject the null hypotheses. The coefficient of log(expenditure) is
negative and statistically significant. It shows that if expenditure doubles (up by 100%), the
probability of children attending madrassas goes down by about 31 percentage points. In
terms of magnitude, this estimate is close to the income effect in column (2) at the average
income level which is 34 percentage points. The effect of religiosity in this specification
is also close to the main estimates (0.233 vs. 0.264) in column (2). Other coefficients of
this model are also similar to the main specification as well. In Section [2.9.1] I check how

robust the income effect is from the IV method.

As the results in Table 2.1] show, contrary to the existing literature that used simple es-
timation technique, there is significant negative income effect on the parental choice of
madrassa for children’s education. To explore the possibility of low-income trap due to
madrassa enrollment, the next section estimates the returns to general and madrassa educa-

tion.

2.8.2 Returns to education

The results from school choice model suggest there is a significant negative income effect
on children’s madrassa enrollment. Keeping this finding in mind, I try to answer the next
question - how does the return to madrassa education compare with that of the general
education? The results are presented in Table where the dependent variable is log of
hourly earnings and the education variable is a dummy variable for completed junior high
school. The sample includes individuals with 6 to 12 years of schooling and compares
the earnings of individuals with completed primary education (6 to less than 9 years of
education) and completed junior high school (9 to 12 years of education). Column (1) to
column 4) present the OLS estimates of the returns to schooling and column (5) to (8)
present the parametric version the KV estimates that exploits the heteroskedasticity in the

model for identification in the presence of endogeneity. I present the full sample estimates
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that include both madrassa and general school attendees so that the estimated returns can be
compared with the existing literature. The full sample OLS estimates in column (1) show
that the return to junior high school in the full sample is about 46 ([?37® — 1] x 100 = 45.94)

percent higher than that of completed primary education and is statistically significant.

To compare the return to junior high schooling by school types, I split the sample into
general school educated and madrassa educated individuals and the respective estimates of
the returns to schooling are presented in column (2) and (3) of the table. The return to junior
high school from general school is about 53 ([¢%#?% — 1] x 100 = 53.11) percent higher
than those with completed primary education which is statistically significant at 1 percent.
The return to madrassa education, on the other hand, is 7 percent higher and statistically
insignificant. I also estimate the difference in returns to completed junior high school
from general school and from madrassa. The estimate in column (4) shows that junior high
school graduates from general schools earn about 26.5 ( ([¢%-23 — 1] x 100 = 26.49) percent
more than those from madrassas. However, as mentioned earlier, OLS estimate may suffer

from potential bias due to measurement error and failure to include unobserved ability.

In Section [2.9.2] I show that the OLS estimates of the difference in returns to general and
madrassa education are robust to selection on unobservables. The KV estimates of returns
to education are presented in columns (5) to (8). The full sample estimates show that the
return to junior high school is 228 percent higher than that of primary education. This
estimate is quite large compared to the OLS estimates and the existing returns to education
literature. The returns to junior high school graduates from general school are 235 percent
higher than the non-graduates and is statistically significant. The return to the same level
completed from madrassa is statistically insignificant and relatively small. When I estimate
the difference in returns to completed junior high school from general schools with that
of madrassas, I find the general school graduates earn more than the madrassa graduates
which is quite large, but the estimate is statistically insignificant. There is one working

paper that estimates returns to education for madrassa and general school in Indonesia
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along with 4 other Asian and African countries by Berman and Stepanyan| (2003) using
IFLS 1993 data. They use Islamic attendance at any level to estimate the effect of madrassa
education on earnings using OLS method. They find that return to madrassa education is
2.2 percentage point lower than that of general school for each year of schooling. The OLS
estimates of returns to education in this paper are slightly higher than their estimate. The
most rigorous known estimate of returns to education in Indonesia is probably by Duflo
(2001) that uses instrumental variables method. She finds that the economic returns to
education vary between 6.8 percent to 10.6 per year. She also finds that IV estimates are
close to and not significantly different from OLS estimates. Based on her estimates, the
average returns to junior high schooling should be between 32 percent to 50 percentﬂ The
full sample OLS estimate of returns to education in this paper is similar to that of Duflo’s
(2001). That 1s, OLS estimates seem to be in line with the existing literature of returns
to education in Indonesia. If OLS estimates are unbiased estimates of the true returns
to education, then the estimates presented in columns (1) and (2) suggest that returns to
general education are significantly higher than that of madrassa education. If I take that the
true estimates of returns to education are given by the KV estimates presented in columns

(4) and (5), returns to general education seem to be higher than madrassa education.

It is important to estimate the true returns to education. However, given the context of the
paper, both methods provide enough support in favor of a higher return to general education
than madrassa education. In conjunction with the results of school choice model presented
in Section[2.8.1] it is clear that there is a madrassa trap. I conduct a few robustness checks

of the lower return to madrassa education than the general education in Section[2.9.2]

SThe estimates are based on the average years schooling for the two groups - 6 to 8 years of schooling and
9 to 12 years of schooling. Average years of schooling for the first groups is 6.20 years and for the second
group 10.94 with a difference of 4.74 years. If the return to a year of schooling is 6.8 percent, then the second
group’s return should be higher by (0.068 x 4.74) or 32 percent. Similarly, for a return of 10.6 percent, the
difference is 50 percent.
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2.9 Robustness Check

The results presented in Section [2.8.T]and Section [2.8.2 use different techniques to correct
for endogeneity problems in the model. So it is important to check how robust the finding

of madrassa trap.

2.9.1 School choice model

Since there might be some questions regarding the IV estimate and also the validity of the
instrument, I conduct sensitivity analysis in two ways. First, I reestimate the IV results
changing children’s age cut-off values and redefining some of the control variables. Sec-
ond, I relax the exclusion restriction by allowing the instrument to affect outcome variables
through other channels proposed by (Conley et al.| (2012). The results from the first ap-
proach are presented in Table [2.2] The religiosity index used in the main specification is
constructed from a set of dummy variables that represent various aspects of religiosity of
an individual. Here, instead of using an index, I use the individual religiosity indicators
as control variables for religiosity and the estimated income effect is present in column (2)
of Table 2.2] The identification test statistics support the validity of the instruments. The
income effect on child’s madrassa enrollment is similar to the main estimate (-0.691 vs.
-0.683) and statistically significant at 5% level of significance. Though long term rainfall
variation is expected to influence the permanent component of income, one might argue
that current expenditure may not be a good proxy variable for permanent income. So I take
the average of the expenditure in 2000 and 2007 and reestimate the model. Results are
presented in column (4) and the estimated income effect is larger than the main estimate in
magnitude which supports the hypothesis of negative income effect on children’s madrassa

enrollment.

Since I am not controlling for community fixed effects, question may arise how control-

ling for access to general school affects the estimated income effect. Some communities

39



in the sample do not have that information. However, I estimate the main specification
with 5,215 observations (72% of the full sample) controlling for the community having
general schools. The estimated income effect and other relevant information are presented
in column (2) of the table. The negative income effect is larger in magnitude than the
main estimates. Column (4) presents the income effect from the main specification but for
children aged between 6 and 15 years of age. The estimated income is smaller than the
main estimate in magnitude (-0.691 vs. -0.572) but still both economically and statistically

significant.

All of these results support the main findings of the school choice model, that is, there is

significantly large and negative income effect on children’s madrassa enrollment.

The robustness checks reported above rely on the assumption of a perfect instrument where
the instrument is uncorrelated with the error term. As discussed earlier, the effects of
parental religiosity or distance on school choice may be affected by the high rainfall varia-
tion. There might be a second channel other than income through which rainfall variation
affects children’s madrassa enrollment. So I relax the assumption of strict exogeneity and
allow some correlation between the error term and the instrument. The results with asym-
metric intervals from UCI and LTZ approaches due to Conley et al. (2012) are presented
in figure 2.1} I report only positive support of ¥ as negative support indicates stronger neg-
ative income effect on madrassa enrollment. The support of y used for UCI approach is
Y € [0, y] and for LTZ approach is y ~ U0, y]| for the model in equation There are no
prior works that study the relationship between rainfall variation and madrassa enrollment.
Hence, I use the information available in the data. The reduced form equation shows how
madrassa attendance and rainfall variation are related and I take the maximum value of y
to be equal to two-thirds of the value of the reduced form coefficient of the instrument. The
results are presented in figure 2.1} As the figure shows, allowing for correlation between
the instrument and the error term that is sufficiently large when the size of the coefficient

of the instrument in the reduced form equation is taken into account, I still find that the
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upper bound excludes 0. That is, there is negative income effect on madrassa enrollment

even with the weakly exogenous instrument.

2.9.2 Returns to education

The robustness check of the lower return to madrassa education is conducted in three ways.
First, I change the sample size by changing the age cutoff, and by comparing the returns
to having 9 or more years of education against having less than 9 years of education. Sec-
ondly, I use a few other estimation techniques - namely inverse probability weighted (IPW)
estimator, bias adjusted radius matching (BC-RM) estimator due to Lechner, Miquel and
Waunshe (2011) and minimum bias (MB) estimator due to Millimet and Tchernis| (2013).
Among these estimators, IPW and BC-RM estimators do not make any correction for bi-
ases due to selection on unobservables. However, the MB estimator does consider the bias
due to selection on unobservables and minimizes that bias. Finally, I conduct bound anal-
ysis using the [Oster| (2016) method. Table [2.4] presents the OLS and KV estimates with
alternative sample restrictions. Columns (1) to (3) present the OLS estimate and columns
(4) to (6) presents the KV estimates. First, I present the results for the sample that includes
individuals aged 20 to 55 years where 55 years is the minimum retirement age in Indone-
sia. The OLS estimate of returns to junior high school graduates is 58 percent higher than
primary school graduates when they attend general schools and it is statistically significant.
On the other hand, the difference is small and statistically insignificant for individuals at-
tending madrassas. The more interesting part is the difference in returns to junior high
school between general schools and madrassas presented in column (3). This estimate is
similar to the main estimate and statistically significant. The KV estimates are much larger
for general school and the difference in junior high school is much larger than the OLS
estimates but the pattern is the same. KV estimate also suggests that junior high school
graduates from general schools earn more than those from madrassas. The lower panel

of the table presents the OLS and KV estimates for the sample that includes all working
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individuals with O to 19 years of schooling. These estimates also suggest larger returns to

general education than madrassa education.

The average treatment effect on the treated (ATT) from propensity score based methods are
presented in Table [2.5] I use the same sample and the control variables used in the main
specification. IPW estimates of returns to education are presented in column (1), BC-RM in
column (2) and MB in column (3). All these estimates are similar to the OLS estimate. The
MB estimates in the table are based on a radius of 0.25. These estimates suggest that among
the general school graduates, junior high school graduates earn about 51 percent more than
the primary school graduates, whereas there is no significant difference in returns between
junior high school primary school graduates if they attend madrassas. The MB estimates
also show that the returns to completed junior high schools from general education is 26
(= (%232 — 1) x 100 = 26.11) percent higher than the same from madrassas and the differ-
ence is statistically significant. That is, return to madrassa education is significantly lower
than the general education. When considered the existing literature and other estimation
techniques, OLS estimates seem to give better estimates of returns to general and madrassa
education than the KV estimates. For this reason, I conduct a coefficient stability check
of the OLS estimates of returns to general and madrassa education using the Oster (2016)
approach. Since the level of selection on unobservables and the true R”> are unknown, I
estimate the difference in returns to completed junior high school for general school and
madrassa graduates for u € [0,2] and R2,,,= 1.3R%, ;. The results for the difference in re-
turns to completed junior high school from general schools and madrassas are summarized
in ﬁgure I also estimate the returns with R2,, = 1.4R20LS and R2  — 1.5R20LS which are
presented in Table[A.6] When I assume that selection on observables and unobservables are
equally important (1 = 1), the returns to education estimates from OLS and the restricted
estimates are very close. Figure (2.2) shows that the restricted estimate of the difference
is 0.228 (vs. 0.235 in OLS) and with p = 2, it is 0.219. One common feature in all these

approaches is that the difference in returns to completed junior high school is larger for
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general school graduates than for the madrassa graduates. The pattern in the difference in

returns is stable irrespective of the estimation techniques.

2.10 Conclusion

In this paper, I test whether madrassa education leads households to a low-income trap.
I demonstrate that due to lower costs of education in madrassas, low-income households
are more likely to send children madrassa. Next, I compare the returns to general and
madrassa education. For the school choice model, I use community level rainfall variation
as an instrument to induce external variation in permanent income. The OLS estimate of
income effect on children’s madrassa enrollment is economically insignificant. The IV
estimate reveals a strong negative income effect. The IV estimate suggests that at the
mean level of household expenditure, doubling monthly per capita household expenditure
reduces madrassa enrollment probability by about 34 percentage points. This finding is
robust to a weakly exogenous instrument (that is, a small amount of correlation between
the instrument and the error term). It is important to note that the IV estimates give the
local average treatment effect. In this paper, the rural farming households, small traders

that are more likely to be affected by high rainfall variation.

Depending on which estimation technique is used, the magnitude of the returns to educa-
tion varies. OLS estimate shows that junior school graduates from general school earn 26.5
percent more than the madrassa graduates. However, regardless of the methods employed,
one common finding is that the return to general education is significantly higher. Com-
parison of the returns to education in this paper with that in the existing literature suggests
that OLS method gives more reasonable estimates. Various robustness checks suggest that

returns to general education are significantly higher than that of madrassa education.

The combination of the findings from the school choice model and the returns to educa-

tion model gives a clear picture of the presence of a trap. Parents are more likely to send
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children to madrassa if they are poor and the children with madrassa education will end up
with lower income which has the potential to increase the chances of the next generation
attending madrassas. It has important policy implication in terms of modernizing madrassa
education. Until 1975, madrassa education was not recognized as part of national educa-
tion system. The joint decree of three ministers (Minister of Religious Affairs, Minister of
Education and Culture and Minister of Home Affairs) in 1975 recognizes madrassa edu-
cation as part of the national education system (Education Sector Analytical and Capacity
Development Partnership (ACDP), 2013). It requires madrassas to teach 70% general sub-
jects and 30% religious subjects. Since then, the Indonesian government introduced several
laws to ensure complete integration of madrassa educations. Though these steps are in the
right direction, the existence of low-income trap due to madrassa education suggests a lot
more have to be done to improve the quality of madrassa education to the level of general

education.
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Table 2.1: Income effect and the effect of religiosity on madrassa enrollment.

Dependent variable: Child is currently attending madrassa.

(1 2 3) 4)
Variables OLS v 2SCML IV with Log(per
capita exp.)
Per capita expenditure -0.0316%* -0.691%* -0.685%** -0.306%**
(0.0147) (0.274) (0.176) (0.117)
HH head’s religiosity index 0.138%* 0.274%* 0.273%*%* 0.240%**
(0.0683) (0.108) (0.078) (0.093)
Child is a boy 0.0142 0.022%* 0.0211** 0.018%*
(0.00883) (0.011) (0.009) (0.010)
Age of the child 0.0149%:#:* 0.020%*%* 0.0197#** 0.020%**
(0.00222) (0.003) (0.002) (0.003)
Rural household 0.021 -0.087* -0.088*** -0.064
(0.026) (0.050) (0.031) (0.041)
First stage residual 0.667%%*
(0.177)
First stage coefficients of the instruments and the identification test statistics
High rainfall variation -0.082%%** -0.186%**
(0.016) (0.029)
Kleibergen-Paap UID 23.46 34.46
AP-UID Chi2 25.82 41.01
AP-WID Fistat 25.73 40.86

Notes:

(1) Additional control variables include household head’s age and age squared, ethnicity (Javanese, Sundanese and
other), ownership of farmland; community chararateristics - rural community, log of population in the community;
community has hospitals, piped water, factory/plant; percent of electricity users in the community; community

experienced natural disasters last year, in last 2 years, in last 3 years and in last 5 years.

(2) Column (2) presents marginal effects from two stage conditional maximum likelihood (2SCML).

(3) Robust standard errors, clustered at the community level are in parentheses.

(4) *** ** and * denote statistical significance level of 1%, 5% and 10%, respectively.
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Table 2.4: Robustness check of returns to education with different sample restrictions.

(1 (2) (3) 4) &) (6)

Treatment Sample: Children’s age: 20 to 55 years
Variable OLS KV

Gnereal  Madrassa Junior Gnereal = Madrassa Junior

High High

Junior High (vs. 0.431%** 0.048 1.374%%% -0.044
Primary) (0.034) (0.097) (0.410) (0.383)
General (vs. 0.244%** 1.723*
Madrassa) (0.054) (1.000)

Sample: Education: O to 19 years of education

Gnereal  Madrassa Edu. > Gnereal  Madrassa Edu. >

8yrs. 8yrs.
Edu. > 8yrs. 0.673***  (0.190** 1.291 %% 0.442
(vs.0 —8yrs.) (0.031) (0.084) (0.273) (0.356)
General (vs. 0.302%%** 1.985%
Madrassa) (0.049) (1.042)

Notes:

(1) Standard errors (clustered at the community level) are in parentheses.
(2) All models include control variables used in the main specification in Table

(3) OLS estimates included subdistrict fixed effects and KV estimates include province fixed
effects.

(4) *** ** and * denote statistical significance level of 1%, 5% and 10%, respectively.

Table 2.5: Robustness check of returns to education with propensity score based estimators.

School type/ (1) (2) 3)
Education level IPW BC-RM MB
General ( Junior high vs. Primary) 0.428%#%* 0.4771%%* 0.41 7%

(.040) (0.042) (0.038)
Madrassa ( Junior high vs. Primary) .051 .093 0.013

(0.082) (0.089) (.107)
Junior High (General vs. Madrassa) 0.30%** 0.315%** 0.232%**

(0.060) (0.062) (0.055)
Notes:

(1) Standard errors are in parentheses.

(2) Education is a binary variable taking on 1 if has 9 to 12 years of schooling, and 0 if taking on .
(3) All models include a constant and dummy variables for individuals’ ethnicity and province FE
(4) Samples includes all 20-65 years old Muslim individuals currently working.

(5) ***, ** and * denote statistical significance level of 1%, 5% and 10%, respectively.

53



Figure 2.1: 95% Interval estimates for income effect on madrassa enrollment with positive prior
(Conley, et al., 2012).
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Figure 2.2: Difference in bias adjusted returns to education from general school and madrassa.
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Appendix A

Table A.1: Summary Statistics of madrassa enrollment sample

Variable Obs Mean Median Std. Deyv. Min Max
Child currently attending madrassa 7270 0.18 0.00 0.38 0.00 1.00
Monthly per capita expenditure (million 7270 0.49 0.37 0.39 0.06 4.06
rupiah) in 2007

Age of the child 7270  11.26 11.00 3.45 6.00  19.00
Child is a boy 7270 0.51 1.00 0.50 0.00 1.00
HH religiosity index 7270 0.23 0.25 0.07 0.00 0.94
HH head’s age 7270  44.47 43.00 929  25.00 70.00
HH head Javanese 7270 0.43 0.00 0.49 0.00 1.00
HH head Sundanese 7270 0.14 0.00 0.35 0.00 1.00
Has farmland 7270 0.30 0.00 0.46 0.00 1.00
Rural household 7270 0.48 0.00 0.50 0.00 1.00
Log population 7270 8.69 8.66 0.97 5.56 13.12
Hospital 7270 0.85 1.00 0.36 0.00 1.00
Factory/plant 7270 0.53 1.00 0.50 0.00 1.00
Rainfall in 2007 7270 253.64  252.02 60.85 127.60 460.54
High rainfall variation 7270 0.50 0.00 0.50 0.00 1.00
Piped water 7270 0.32 0.00 0.47 0.00 1.00
Percent of electricity users 7270  88.48 99.00 18.89 0.00 100.00
Community experienced natural disaster 7270 0.30 0.00 0.46 0.00 1.00
in last year

Community experienced natural disaster 7270 0.40 0.00 0.49 0.00 1.00
in 2 years

Community experienced natural disaster 7270 0.46 0.00 0.50 0.00 1.00
in last 3 years

Community experienced natural disaster 7270 0.50 1.00 0.50 0.00 1.00

in last 5 years
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Table A.2: Summary statistics of returns to education sample.

1) 2 3) “4 )
Variables All

Obs Mean  Std. Dev. Min Max
Hourly earnings (rupiah) 8841 4741774 6199.61 1.00 65984.82
Junior high completed 8841 0.62 0.49 0.00 1.00
Male 8841 0.68 0.47 0.00 1.00
Potential years of work experience 8841 18.70 10.90 0.00 50.00
Potential work experience squared 8841  468.39 510.86  0.00 2500.00
Married 8841 0.80 0.40 0.00 1.00
Rural household 8841 0.42 0.49 0.00 1.00
Javanese 8841 0.48 0.50 0.00 1.00
Sundanese 8841 0.15 0.35 0.00 1.00
Other 8841 0.37 0.48 0.00 1.00

General school
Hourly earnings (rupiah) 7638 486297 6271.10 1.00 65984.82
Junior high completed 7638 0.60 0.49 0.00 1.00
Male 7638 0.69 0.46 0.00 1.00
Potential years of work experience 7638 19.26 11.02 0.00 50.00
Married 7638 0.81 0.39 0.00 1.00
Rural household 7638 0.41 0.49 0.00 1.00
Ethnicity: Javanese 7638 0.48 0.50 0.00 1.00
Sundanese 7638 0.15 0.36 0.00 1.00
Other 7638 0.37 0.48 0.00 1.00
Madrassa

Hourly earnings (rupiah) 1203 397199 5667.18 1.00 57736.72
Junior high completed 1203 0.74 0.44 0.00 1.00
Male 1203 0.65 0.48 0.00 1.00
Potential years of work experience 1203 15.11 9.33 1.00 48.00
Potential work experience squared 1203  315.08 377.02  1.00 2304.00
Married 1203 0.73 0.44 0.00 1.00
Rural household 1203 0.51 0.50 0.00 1.00
Javanese 1203 0.53 0.50 0.00 1.00
Sundanese 1203 0.10 0.31 0.00 1.00
Other 1203 0.36 0.48 0.00 1.00
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Table A.3: OLS estimates of school choice model.
Dependent variable: Child is currently attending madrassa.

(1) () 3)
Variables Without Col (1)+ Col
controls household (2)+community
characteristics characteristics
Monthly per capita expenditure -0.0186 -0.0323%%* -0.0316%*
(million rupiah) in 2007
(0.0151) (0.0151) (0.0147)
Child is a boy 0.0142 0.0142
(0.00885) (0.00883)
Age of the child 0.01571%** 0.0149%%**
(0.00222) (0.00222)
HH head’s religiosity index 0.145%* 0.138%*
(0.0695) (0.0683)
HH head’s age -0.000887 -0.000858
(0.00427) (0.00420)
Head’s age squared 2.01e-05 1.93e-05
(4.50e-05) (4.43e-05)
HH head Javanese 0.0857*%** 0.0820%%**
(0.0214) (0.0200)
HH head Sundanese 0.0267 0.0251
(0.0258) (0.0251)
Has farmland -0.00240 -0.00273
(0.0180) (0.0183)
Rural household 0.021
(0.026)
Observations 7,270 7,270 7,270

Notes:

(1) All models include a constant.

(2) Community chararateristics included are - rural community, log of population in the community; community
has hospitals, piped water, factory/plant; percent of electricity users in the community; community experienced
natural disasters last year, in last 2 years, in last 3 years and in last 5 years.

(3) Robust standard errors, clustered at the community level are in parentheses.

(4) ***, ** and * denote statistical significance level of 1%, 5% and 10%, respectively.
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Table A.4: Validity of the instruments.

ey 2 3) (0)
Variables High rainfall variation .
Difference
Obs Yes No
Household head’s religiosity index:
Full sample 7,270 0.239 0.224 0.015%**
(0.001) (0.001) (0.002)
Madrassa 1,293 0.246 0.229 0.017%**
(0.003) (0.004) (0.004)
General school 5,977 0.237 0.223 0.014%%*
(0.002) (0.002) (0.002)
Diff. in diff. (Madrassa-General school) 7,270 0.003
(0.005)
One way trip to school (minutes):
Full sample 6,897 13.127 14.415 -1.289%%*
(0.212) (0.229) (0.312)
Madrassa 1,250 14.682 15.576 -0.894
(0.528 (0.501 (0.760)
General school 5,647 12.699 14.215 -1.516%%*
(0.227) (0.254) (0.343)
Diff. in diff. (Madrassa-General school) 0.622
(.821)

Notes:

(1) Standard errors are in parentheses.

(2) *** ** and * denote statistical significance level of 1%, 5% and 10%, respectively.
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Table A.5: 95% Interval Estimates for income effect on madrassa enrollment with positive prior
(Conley, et al., 2012).

Union of confidence interval Local-to-zero interval
delta Lower bound Upper bound Lower bound  Upper bound
0.000 -0.964 -0.418 -0.959 -0.422
0.003 -0.964 -0.387 -0.943 -0.404
0.006 -0.964 -0.357 -0.927 -0.385
0.009 -0.964 -0.326 -0.914 -0.364
0.011 -0.964 -0.295 -0.901 -0.342
0.014 -0.964 -0.264 -0.890 -0.319
0.017 -0.964 -0.233 -0.880 -0.294
0.020 -0.964 -0.202 -0.871 -0.268
0.023 -0.964 -0.170 -0.863 -0.242
0.026 -0.964 -0.138 -0.856 -0.214
0.028 -0.964 -0.106 -0.850 -0.186
0.031 -0.964 -0.074 -0.845 -0.157
0.034 -0.964 -0.042 -0.840 -0.127
0.037 -0.964 -0.009 -0.836 -0.097

Notes:

(1)The definition of y is different between intervals. The “Union of CI” has a
support of y €[0, y], whereas LTZ intervals are based on y ~ U[0, y/.

(2) For UCI, the values of y in the table represents upper value of the support and the
corresponding lower values are all O, whereas lower value of the support for each
upper value is 0.
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Chapter 3: Women’s Access to Credit, Education and Household Decision Making:

Evidence from Bangladesh

3.1 Introduction

Gender equality is a crucial development issue for various reasons. In developing countries,
the manifestation of gender inequality, in the family, in the labor market and in the soci-
ety in general, is very common which may appear in the form of lower wages for women,
son preference, selective abortion, unequal inheritance laws and customs, restrictions on
social and economic mobility. Various forms of discrimination cause women to constitute
a disproportionate share of the poor and vulnerable. An estimate in the mid-1990s shows
that 70 percent of the poor people in the world are women (UNDP, |1995). Women are
also poorer within the family as they may have little say in household decision-making
in patriarchal societies, especially in less developed countries. When conflicts of interest
arise in decision-making, it is the female members of the households who have to make
sacrifices. So, women bear the brunt of poverty more than men. Ensuring gender equal-
ity has thus been a crucial development goal in recent decades both as a means and an
end. As Sen| (1999) defines, "Development can be seen (...) as a process of expanding
the real freedoms that people enjoy". Hence gender equality, expanding women’s freedom,
deserves to be addressed as an aspect of development on its own merit. Additionally, intra-
household redistribution of resources to women is found to benefit the family members in
terms of education, better health and nutritional status (Allendorf], [2007; |Duflo, [2003;Pitt
and Khandker, [1998; Pitt, Khandker, Chowdhury, & Millimet, 2003; Jacoby (1994); Ja-
coby and Skoufias|(1997); Beegle, Dehejia, and Gatti, 2003)). Hence, giving women access
to resources improves the overall well-being of the household. The inclusion of “gender
equality and women empowerment” in both the Millennium Development Goals (MDGs)

and the Sustainable Development Goals (SDGs) recognizes the need for women’s empow-
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erment. Giving women access to credit and education may help them achieve higher access
to resources and higher bargaining power leading to the overall development of women and

the society.

Over the last few decades, a growing literature in economics has explored the relation-
ship between microcredit and various aspects of women empowerment such as domestic
violence (Chin, 2012; |Hadi, 2000; Koenig, Ahmed, Hossain, Mozumder, 2003) and par-
ticipation in household decision-making |Ashraf (2009); Banerjee, Duflo, Glennerster, and
Kinnan, 2015; Hashemi, Schuler and Riley, 1996). Access to credit is known to con-
tribute to economic development and poverty reduction (Galor and Zeira, |1993; |Aghion
and Bolton, 1997} Galor and Moavl, 2004). Women’s access to credit improves child health
and schooling (Pitt et al., [2003}; Jacoby, |1994; Jacoby and Skoufias, |[1997; Beegle, Dehejia,
and Gatti, 2003). Cross-country analysis also suggests that financial development dispro-
portionately benefits the poor (Beck, Demirguc-Kunt, and Levine, |2007; Jeanneney and
Kpodar, [2011). However, some studies show that access to credit (microfinance) can have
a detrimental effect on children’s education and child labor (Islam and Choe, 2013} Mal-
donado and Gonzalez-Vega, |2008b). Though access to credit as a tool for fighting poverty
has been widely accepted (Zaman, 2004; Chowdhury, Ghosh, Wright, [2005; \Garikipati,
2008, Khandker, 2005; Emran, Robano, Smith, 2014b)), the empirical findings on the well-
being of women are mixed. Some studies find that microcredit helped women’s earning
capabilities that contributed to their empowerment (Hashemi et al., [1996; Kabeer, 2001}
Pitt and Khandker, (1998} Pitt, Khandker, Cartwright, 2006) while others do not find any
positive impact (Goetz and Gupta, |1996; |Garikipati, 2008; Banerjee, Duflo, Glennerster,
Kinnan, 2015). There is evidence that indicates microcredit program participation reduces
spousal violence against women (Chin, 2012; Hadi, [2000) while others do not find any

conclusive evidence (Koenig et al.,[2003; Schuler, Hashemi, & Badal, [1998)).

Though access to credit may have a positive effect on gender equality, there are other

forms of intervention such as education that may contribute to gender equality. Economics
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of education has seen significant development in assessing the market and some aspects of
non-market returns to education. However, its effect on women’s participation in house-
hold decision-making is a less explored area. Empirically, education opens the door of
economic opportunities and also contributes to other nonmarket well-being through human
capital formation that increases productivity both in the market and non-market sectors.
Koenig et al| (2003) find that domestic violence is negatively associated with education
in rural Bangladesh. Emran, Maret-Rakotondrazaka and Smith (2014a)) report that educa-
tion increases children’s bargaining power vis-a-vis parents in choosing a spouse in Viet-
nam. Another unexplored area, however, is how access to credit interacts with education
in contributing to women’s participation in household decision-making. It is possible that
education is a substitute for access to credit or education complements access to credit in

increasing women’s participation in household decision-making.

In this paper, 1 use the Bangladesh Demographic and Health Survey 2011 data to inves-
tigate the role of access to credit and education in women’s participation in household
decision-making in rural Bangladesh. In estimating the effects of access to credit and
education on women’s participation in household decision-making, the challenge is un-
observable characteristics such as women’s preference and ability that influence both the
treatment and the outcome variables leading to biased estimates of the true effects of ac-
cess to credit and education. For example, a woman with higher ability may expect higher
returns from investment and may be more likely to participate in credit or income generat-
ing programs. They may also prefer to participate in household decision-making, as high
ability would help them make better decisions benefiting the household. However, it is
also possible that high ability individuals will have better economic opportunities without
borrowing money from microcredit organizations. So, the direction of bias in the effect
of access to credit on women’s participation is not clear. In case of education, unobserved
ability and preferences are likely to cause upward bias when simple estimation methods

are used. For example, high ability women will have more education and may partici-
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pate in decision-making more. Along with ordinary least squares (OLS) estimator, I use
a distance weighted regression based bias-corrected radius matching (BC-RM) estimator,
inverse probability weighted (IPW) estimator and minimum bias (MB) estimator. All these
methods rely on conditional independence assumption (CIA), but MB estimate minimizes
the bias resulting from unobserved heterogeneity. I conduct coefficient stability checks for
the OLS estimates due to Oster (2016 and bounds analysis for the BC-RM estimates due

to Rosenbaum| (2002).

The main contributions of this paper are the following. This paper explores the effect
of education on women’s participation in household decision-making and how access to
credit interacts with education in determining women’s participation in household decision-
making. That is, do access to credit and education complement each other in increasing

women’s participation in household decision-making?

The main findings of this paper are — (1) access to credit has small positive effects on
women’s participation in household decision-making in Bangladesh; (2) education has
strong positive effects on women’s participation in household decision-making; and finally
(3) there 1s no evidence of complementarity between access to credit and education in in-
creasing women’s participation in household decision-making. The results on the effect of

education on women’s participation are robust to misspecification and selection bias.

The rest of this paper is organized as follows. In Section[3.2] I discuss the related literature.
In Section[3.3] I provide a conceptual background of the paper, and the empirical strategy is
presented in the following section. Sections [3.5] [3.6/and [3.7]discuss the data and variables
and their summary statistics. Section [3.8] arranged in a number of subsections, presents the
empirical results starting with OLS estimates. Next, I discuss the issue of covariate balance
and then the effect of access to credit, the effect of education and complementarity between
access to credit and education. I check the robustness of the main findings in Section 3.9

The paper concludes with a summary of the empirical findings.
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3.2 Literature review

Hashemu et al. (1996) investigate the impact of Grameen Bank and BRAC membership on
women’s empowerment in rural areas in Bangladesh using ordinary least squares. The mea-
sures of empowerment in their study include women’s mobility, their ability to make pur-
chases and major household decisions, their ownership of productive assets, their legal and
political awareness and participation in public campaigns and protests. Using OLS, they
show that participation in Grameen Bank and BRAC programs empowers women. How-
ever, OLS estimates are likely to be biased due to endogeneity because of unobservable
factors influencing both microcredit program participation and the empowerment indica-
tors. A study by Anderson and Baland|(2002) using data from the slums of Kibera (Kenya)
finds that women participate in the Rotating Savings and Credit Association (ROSCA) pro-
gram to protect their savings from their husbands. They find that participation in ROSCA
increases women’s welfare at the expense of husband’s because of difference in prefer-
ences between husband and wife. However, they find that ROSCA participation follows an
inverted-U relationship with women’s bargaining power within the household, measured
as women’s income share in the household. For empirical estimation, they used two-step
Heckman procedure to control for sample selection bias. They use “years spent in Kib-
era” and “ethnic identity” as proxies for “bond and familiarity among group members” for
identification in the first stage. I cannot use income share as a measure of women’s bargain-
ing power because most of the women in the sample (about 80%) do not work and hence
have zero income. Some of them, however, participate in household decision-making. Pitt
et al.| (2006), using data from a survey in rural Bangladesh conducted in 1998-99, find that
women’s participation in microcredit program does increase women’s empowerment. To
address the issue of selection on unobservables, they rely on an instrumental variable ap-
proach. They use land ownership as an instrument. Roodman and Morduch! (2014), among

other issues, question the validity of that instrument.
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Garikipati (2008) uses data from a survey in two villages of Andrapradesh in India between
2001 and 2003. He finds that even though microcredit enhances household assets and in-
comes, lack of co-ownership of productive assets of the family causes disempowerment of
the women. Swain and Wallentin| (2009) investigate the impact of microfinance on empow-
ering women using 2000 and 2003 household survey data on the Self Help Group (SHG)
bank linkage program in India. They construct a women empowerment index using infor-
mation on verbal, physical and emotional abuse by their husbands or other family members
and find that SHG members are on average more empowered. They use quasi-experimental
data and estimate the causal effect by applying the robust maximum likelihood estimation
method. However, quasi-experimental data have a limitation in terms of internal validity as
the treated and the control groups are not comparable at the baseline. Ashraf, Karlan, Yin,
(2010), using randomized controlled trial in the Philippines, find that access to commitment

savings product increases women’s decision-making power within the household.

Ngo and Wahhaj (2012) show that the impact of microcredit on women’s participation
in household decision-making is mixed and depends on the initial conditions. A woman
would gain bargaining power if she had a weaker position before participating in micro-
credit program and investment is made in joint productive activities. Microfinance may
not improve a woman'’s bargaining power if she does not have the skills to engage in au-
tonomous productive activities or if she has skills, but husband finds it in his strategic
interest to appropriate the loan to maintain his bargaining power. Banerjee et al.[(2015)) in-
vestigate the impact of microfinance on various outcomes including women empowerment
using randomized experiment data. The experiment was conducted in slums of Hyderabad
in India. They find that microfinance does not have any impact on women'’s participation in
decision-making. While many studies suggest women’s higher bargaining power increases
food and health expenditure, they find no effect on health outcomes or spending on health

and sanitation items.

Research in economics regarding the impact of education on women’s participation in

66



household decision-making is less developed. Since the development of the “human cap-
ital” model by Becker| (1964) and Mincer (1962b), there has been a significant amount of
research, both theoretical and empirical, on both market and non-market returns to educa-
tion. Research on market-valued returns includes wage and non-wage returns to schooling
which have been found to increase with schooling (Angrist and Keueger, 1991} Angrist
and Krueger, 1992; Beck et al., 2007; Card, |1995, 2001b; Glewwe, [1996; Heckman, [2005).
Grossman| (2006) formulates two models to explain how education affects nonmarket out-
comes such as health, fertility, child quality, etc. The productive efficiency model suggests
that increase in education raises the efficiency of the production process in the nonmarket
sector just as an increase in technology raises the efficiency of the production process in
the market sector. Allocative efficiency model suggests that more educated people pick a

mix of inputs different from the mix picked by the less educated people to get more output.

3.3 Conceptual framework

This section presents the conceptual framework used in this paper to estimate the effect
of access to credit and education on women’s participation in household decision-making.
Seminal work of Becker (1965) presents one of the earlier models relating household de-
cision in choosing the allocation of time treating household as a single unit that does not
distinguish the differences in preference of household members. Critics of this model such
as Manser and Brown| (1980), and McElroy and Horney| (1981) propose a different version
of the household model where individual preferences are considered and resource alloca-
tions are determined based on the bargaining power of the members which is sometimes
known as “collective” household model. As various empirical research suggests, resources
are allocated differently when women own them. Irrespective of the model, unitary or
collective household model, in many cases, household decisions are dominated by the hus-
band or male members of the family due to various reasons such as traditions and women’s

financial dependency on male members.
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In Bangladesh, the female labor force participation rate is 60% in 2011, whereas, it is
87% for maleﬂ In many cases, women are employed in informal sectors with poor work-
ing conditions and labor rights which makes them more dependent on their husbands or
male members of the family. Under these circumstances, access to credit can increase
women’s participation in household decision-making in two ways. First, access to credit
(in this paper, I use participation in microfinance program or other income generating Non-
Governmental Organizations (NGOs) as a proxy for access to credit) gives women the
necessary financial capital to initiate new economic activities or expand old ones that in-
crease their financial freedom. Second, access to credit also gives them a better social
network. It gives women the opportunity to mingle with other borrowers in group meetings
and the MFI personnel that allows them greater access to social capital. As a result, they
will gain bargaining power in the household and increase their participation in household

decision-making.

Education also contributes to women’s participation in household decision-making in at
least two ways: acquisition of more human capital gives them higher financial freedom, and
acquisition of information increases awareness about their rights and responsibilities. As a
result, education increases women’s participation in household decision-making. However,
it is important to appreciate that education and access to credit may have differential effects
on different decisions because some decisions are relatively more knowledge intensive than
others. For example, decisions regarding health care and education are likely to be more
knowledge intensive than decisions regarding purchasing household items or visiting fam-
ily and relatives. So, when it comes to matters that require more informed decisions, edu-
cation may complement the effect of access to credit. Whether a woman can go outside her
house is not a complex decision. Empowering her to make this decision may be achieved
by increasing her financial freedom which originates from either giving her education or

granting her access to credit. So, education may have little complementary effect on this

Source: World Development Indicator 2012.
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aspect of decision-making. The next section discusses the empirical strategy of estimating
the effect of access to credit and education on women'’s participation decision-making and

test the complementarity of the impact of access to credit and education.

3.4 Empirical strategy

The literature on the effects of microcredit on women’s decision-making (empowerment)

in the household uses a variant of the following empirical model:

D/ = o+ oM+ X1/ +¢ (3.5)

where Dlj is a dummy variable taking on 1 when woman i participates in decision j, M;
is a dummy variable indicating whether she has access to credit, and X; is a vector of
individual, family and village characteristics that can affect both women’s participation in

decision-making and in microfinance program.

I can write a similar empirical model for estimating the effect of education on women’s

decision-making in the household:

D/ = BJ+B/Ei+ X% +¢] (3.6)

where E; is an indicator of the education level of woman i taking on 1 if she has more than

five years of schooling and 0 otherwise.

As mentioned earlier, despite the fact that access to credit and education both are argued to
enhance women’s standing in the household and beyond, the effects of access to credit and
education have been analyzed separately under the implicit assumption that their effects are
separable. In reality, however, it is possible that access to credit and education are comple-
mentary and to examine the complementarity hypothesis, the following specification can

be useful:
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D} = 0] +6/M] + 6JE] + 0 (M; x E) + X] ) + &/ 3.7)

If education and access to credit are complementary (substitutes) in strengthening women’s
say in the household, then 93{' >0 (< 0) for j""indicator. Estimating equation however,
poses serious challenges in the presence of unobserved heterogeneity in ability and pref-
erence. Unobservable characteristics affecting women’s decision of participating in credit
programs may include, but not limited to, her preference for risk, respect for social norms,
her entrepreneurial skills, etc. In observational data, participation in credit programs is
nonrandom and makes it difficult to identify the causal effect of credit programs on women
say in the household and similarly the effect of education. If participation is influenced
only by the observational characteristics, it can be easily dealt with. However, when un-
observed characteristics also influence program participation and education level, there are
only a limited number of tools that are useful. The existing literature tries to take advan-
tage of randomized interventions (see (Ashraf et al., 2010; Banerjee et al.,[2015}; |Kim et al.,
2007)) or credible policy experiments (such as changes in compulsory schooling, Angrist
and Keueger, 1991; Kemptnera, Jiirgesb and Reinholdc, 2011) to identify the effects of
access to credit or education separately. Finding policy experiments or designing an inter-
vention that can create clean exogenous variations powerful enough to identify the effects
of both education and access to credit is a daunting task, and may not be feasible in most

cases.

I develop an empirical approach that can provide robust evidence on the effects of access to
credit and education on women’s participation in household decision-making. In the em-
pirical analysis, I split the sample into four groups defined by the pair of binary indicators

(M;, E;) that represents access to credit and education, respectively; they are -

DY =(M;=0,E;=0),D/°=(M;=1,E;=0),D"" = (M; =0, E; = 1) &D}! = (M; =

1

1L,Ej=1).
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With these mutually exclusive four groups, I can rewrite equation (3) as follows:

D] =&+ 8/}’ + 8D + 8{D}! + X1 ] o

where group (0,0) is the reference group and there are three target groups defined by the
dummy variables D%, D19 and p!! representing (0, 1), (1, 0) and (1, 1), respectively.
In this framework, complementarity between access to credit and education implies 8; >
01 + &. The advantage of this approach is that I can implement a rich set of econometric
techniques developed in the evaluation literature for a binary treatment. Along with OLS,
I use one matching estimator and two estimators based on propensity score weighting to
estimate the effects of access to credit and education and test the complementary of the
two. Several studies show that these estimates perform well in estimating causal effects

with non-experimental data.

One of the widely used treatment effect estimators is normalized inverse probability weighted
(IPW) estimator due to |Hirano and Imbens| (2001)) and Hirano, Imbens, and Ridder(2003).
Frolich (2004) compares the IPW estimator with several matching estimators and concludes
that it performs worse than matching estimators. However, Busso, DiNardo, and McCrary
(2014) point out that Frolich’s (2004) negative conclusion is derived because he does not
normalize the weight and uses a data generating process that has little relevance to empir-
ical work. They show that in the data generating processes that are more representative
of microeconomic setting, normalized inverse probability weighted estimator performs at
least as well as, and usually better than, the propensity score based matching estimators in
estimating binary treatment effect. I use a propensity score based radius matching estimator
developed later by Lechner, Miquel and Wunsch (2011). They propose distance-weighted
radius matching with regression based bias adjustment (henceforth BC-RM). Using Empir-
ical Monte Carlo Study (EMCS), Huber, Lechner and Wunsch (2013)) show that BC-RM

performs best estimating average treatment effect on the treated when robustness to mis-

71



specification of the propensity score and different types of outcome variables is considered

an important property.

The main estimator of the treatment effect in this paper is the minimum bias (MB) esti-
mator proposed by Millimet and Tchernis (2013). MB estimator builds on IPW estimator
that minimizes the bias from the selection on unobservables (i.e., the CIA assumption).
The authors exploit the result due to |Black and Smith (2004) which shows that when CIA
fails, the bias of ATT is minimized at P(X) = 0.50. The intuition behind this can be seen
as follows. The households with propensity score equal to 0.5 are indifferent between the
treatment status in terms of observables. Hence, their actual treatment status can be thought
of as the outcome of a flip of a coin. MB estimator minimizes the biases due to selection
on unobservables by trimming the sample around the bias minimizing propensity score,
that is 0.50. Monte Carlo simulation results suggest that the MB estimator with a relatively
large radius effectively tackles the biases arising from the failure of CIA. MB estimator is
derived under the assumption of the joint normality of the errors. Millimet and Tchernis
(2013) then relax the assumption and extend the estimator where joint normality does not
hold and approximate the distribution using Edgeworth series of distributions. [ use a radius
of 0.25, implying that 50 percent of the observations from the tails of the propensity score
distribution are excluded to minimize the biases in the estimates. An important advan-
tage of using IPW, BC-RM and MB is that I can test the existence of an interaction effect
without imposing arbitrary functional forms. To appreciate this, consider a more general

specification of the empirical model that allows for both education and credit effects:

D! = F(M; E; X;) (3.9)

Assuming the function F(-) is twice differentible, complementarity between access to

credit and education implies that .
9°D]
IM,JE;

>0 (3.10)
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I can estimate a discrete analog of the cross-partial derivative in equation (3.10) using

the aforementioned estimators. I estimate ﬁF (+) from more educated (E; = 1)and less

educated (E; = 0) subsamples separately and take the difference between these two to
d

. . 2
estimate the discrete analog of z7=2F(-).

3.5 Data

In this paper, I use the Bangladesh Demographic and Health Survey (BDHS) 2011 data.
This is a nationally representative sample collected under the authority of the National
Institute for Population Research and Training (NIPORT) of the Ministry of Health and
Family Welfare with financial assistance from the U.S. Agency for International Devel-
opment (USAID). The enumeration areas (EAs) of 2011 population census provided by
Bangladesh Bureau of Statistics (BBS) constitute the sample frame for the survey. The
fieldwork was carried out in five phases, starting on July 8, 2011 and ending on December
27, 2011. The 2011 BDHS sample is a two-stage stratified sample of households. In the
first stage, 600 EAs were selected with probability proportional to the EA size, with 207
in urban areas and 393 in rural areas. In the second stage, a systematic sample of about
30 households was selected from each EA. The survey covers a total of 17,141 households

from which 17,842 ever-married women aged 13 to 49 were interviewed.

The survey is conducted using four main questionnaires: household, women’s, men’s and
community questionnaires. The data used in this paper come from the household, women’s
and community questionnaires. The household questionnaire is designed to collect infor-
mation on household members and other household characteristics such as his/her age, sex,
education, and relationship to the head of the household and the source of water, type of
toilet facilities, materials used to construct the house, and ownership of various consumer
goods etc. The main purpose of the household questionnaire is to identify the eligible

women and men for individual interviews. The women’s questionnaire collects information
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about the respondent’s participation in household decision-making, respondent’s age, edu-
cation, religion, reproductive history, use of contraceptive methods, antenatal and delivery
care, membership of income generating NGOs, and husband’s background. The commu-
nity questionnaire collects community information such as the existence of development
organizations, availability, and accessibility of health care and family planning services,

main economic activities, access to roads and electricity.

I restrict my sample to rural households, as women have more outside employment op-
portunities in urban areas. Some of the interviewed women are not usual members of the
respective households, and I drop those observations as the household and community char-
acteristics may not be relevant to them. That leaves me with 10,743 observations. Of the
remaining observations, I also drop those women who are not currently married, where the
husband’s age is missing or where the husband is 25 or more years older than the wife,
or where the wife is older than the husband. I also drop some observations if the respon-
dent’s relation to the household head is something other than head herself, wife, daughter
or daughter-in-law or if the household head’s age is less than 20 years. That leaves me with
a final sample of 9,373 observations. Sample sizes are not the same in all the estimated

equations due to missing values of the outcome variables.

3.6 Variable descriptions and choice of controls

There is no single measure representing woman’s overall participation status in house-
hold decision-making. [Kabeer (1999) defines women empowerment as a process by which
women who have been denied the ability to make strategic life choices acquire that ability.
These choices incorporate three inter-related dimensions: resources (material as well as hu-
man and social resources); agency (the ability to define one’s goals and act upon them); and
achievement of functionings (valued ways of being and doing). For empirical research, get-

ting a measure of empowerment incorporating these dimensions is a complex issue. Most
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researchers combine various indicators of empowerment to construct composite indices to
measure empowerment. Hashemi et al.| (1996) construct a composite empowerment index
using eight indicators: mobility, economic security, the ability to make small purchases,
ability to make large purchases, involvement in major household decisions, relative free-
dom from domination by the family, political and legal awareness, and participation in
public protests and political campaigns. |Pitt et al. (2006)) using item response theory (IRT)
construct a latent empowerment factor from a set of empowerment indicators that serve
as a proxy for women’s autonomy, decision-making power, and participation in household
and societal decision-making. Garikipati (2008) constructs empowerment indicators using
a similar approach to |Hashemi et al. (1996). Swain and Wallentin| (2009) also construct
a latent empowerment variable using individual attributes of empowerment. Emran et al.
(2014b)) use the ratio of female to male clothing, child labor among girls, and school-
ing of girls as women empowerment indicators. Banerjee et al.| (2015) use indicators for
women making decisions about food, clothing, health, home purchase and repair, educa-
tion, durable goods, gold and silver, investment. The 2011 BDHS has participation indi-
cators similar to some of the indicators used in the articles mentioned above. The major

indicators used in this paper are — women’s participation in decisions regarding

—

. visiting family and relatives,

\S]

. own health care,

W

. child health care,

I

. large household purchase, and

9

. types of contraceptive method used.

The other indicators I use are constructed combining the first four indicators above. I do not
include the decision regarding the type of contraceptive method used as the participation

rate in this decision is already 93 percent. Besides, the inclusion of this decision reduces
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the total number of observations to 5,798 since this piece of information is available only
for those women who are using contraceptive methods. These indicators are whether the

respondent participates in -

1. all of the four decisions

2. in at least 3 of the four decisions

3. in at least 2 of the four decisions and

4. in at least 1 of the four decisions

All variables take on value 1 if the answer is yes and 0 otherwise. Given the context of this
paper, I do not use a composite index as the indicators are not similar in nature. Some might
argue that decision regarding health care is far more important than household purchase.

So finding an appropriate weight is virtually impossible.

The main regressors of interest are two binary variables - access to credit (M) and education
(E). Access to credit takes on 1 if the respondent is a member of any microfinance institu-
tion (MFI) such as Grameen Bank, BRAC, ASA, PROSHIKA or other income generating
NGOs, and 0 otherwise. Education takes on 1 if the respondent has 6 or more years of
schooling and 0 otherwise. There are several reasons for choosing 5 years of schooling as
the cutoff value. First, the average education level in the sample is below 5 years. Second,
recent evidence from developing countries shows that labor market returns to education are
relatively higher for secondary education and higher education (Colclough, Kingdon and
Patrinos, 2010). There are also some threshold effects, suggesting secondary or higher ed-
ucation is required to have positive effects on some non-market returns to education |[Pande
and Astone (2007)). Finally, there is also a practical reason. The treatment group becomes
too small if I use higher years of schooling cutoff, say 10 years which constitutes only

about 2.8 percent of the sample.
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I control for individual, household and community characteristics to take into account pos-
sible selection on observables. I include the age of the respondent and age squared. The
age of women may have both positive and negative impact on participation in household
decision-making. On one hand, an older woman has more experience as well as better un-
derstanding of her role in the family that can positively affect her participation in decision-
making. On the other hand, an older woman may value the traditional role of women,
leaving the decision-making matters in the hands of the male members of the family. Also,
younger women may have a defiant attitude towards the traditional role of women in the
society compared to the older women. Religion can play important role in women’s par-
ticipation in decision-making. I would prefer to use some indicator for how strictly the
respondent follows religious rules but I do not have any such measures, so I use a dummy

variable for respondent being Muslim instead.

For the main specification, I do not include husband’s characteristics due to the possibil-
ity of assortative matching which may cause further bias in my estimates as a result of
correlation with the error term. However, as part of robustness check, I include the gap
between the husband’s and wife’s age, whether the husband prefers more children than
the respondent, whether husband has more than 5 years of schooling, whether husband at-
tended religious school (madrassa), and whether the respondent worked anytime in the past
12 months to control for preference. Since the adults make decisions in the households,
I include the number of adult members in the household (10 years or older). Households
with a larger amount of landholdings may value traditional norms more than the land poor
households. Hence, I include a dummy variable for household owning less than 0.50 acres
of land. I do not include some variables that might seem important in terms of women’s
status in the family such as husband’s occupation, wealth or income status of the family
and working status of the respondent. These variables themselves are outcome variables
and their inclusion will aggravate the endogeneity problem. I also include some commu-

nity characteristics to represent community level development to proxy for social norms.
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These variables include whether there is an all weather/seasonal access road to the com-
munity, whether the community has access to electricity, whether the community has a
primary school, high school and post office, and distance to the nearest metropolitan area
that is the regional center of economic activities. I use City Corporations (major regional

metropolitan areas) as the center of economic activities.

3.7 Descriptive statistics

Summary statistics are reported in Table [3.1] The total number of observations is 9,373 but
there are a few missing observations for the first three decision-making indicators. The fifth
indicator, choosing types of contraceptive method used, applies only to those women who
use contraceptive methods and reduces the number of observations to 5,809. The combined
indicators are based on the first 4 indicators with a total of 9,357 observations. Summary
statistics on outcome variables show that women’s participation rate in deciding when to
visit family and relatives is 61% and the participation rate in own health care decision is
62%, 67% in child health care, 58% in large household purchases and 93% in choosing
types of contraceptive method. When the first four indicators are combined, 41% of the
women participate in all 4 decisions, 57% in at least 3, 69% in at least 2, and 81% in at
least 1 decision. The treatment variables show that about 43% of women have access to
credit, 35% have 6 or more years of schooling and only 13% have both access to credit
and 6 or more years of education. The respondents in the survey are women aged between
15 to 49 years and the average age is 31 years. The variables representing age gap with
husband, worked in the last 12 months, husband wants more children and husband attended
madrassa (Islamic religious school) are used as controls only for robustness check as these
variables are potentially correlated with the unobservables. The share of Muslim women
in the sample is 90%, most households have less than 0.5 acres of land (83%) and the
average number of adult (10 years or older) household members is 4.05. Of the community

characteristics, 63% respondents belong to communities with all weather access road, 78%
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with access to electricity, 82% with primary schools, 36% with high schools, 25% with
post offices and 30% reside within 40 kilometers from the nearest city corporations. The
distribution of the sample by treatment status is presented in Table The control group
(D) consists of 34.52 percent of the observations. The distribution of the sample and the

mean participation rates in household decisions by treatment status are presented in Table

[B.1]and Table [B.2] respectively.

3.8 Results

The estimated treatment effect used in this paper is the average treatment effect on the
treated (ATT). One reason for using ATT instead of average treatment effect (ATE) is that
I am interested in the effect of access to credit and that of education on the treated group.
The other reason is fairly technical. ATT relies on less restrictive assumptions compared
to ATE. ATE requires that the treatment assignment be conditionally independent of both
potential outcomes, whereas ATT requires that the treatment assignment be conditionally
independent of the control-level potential outcomes (Wooldridge, 2002, pp. 605-606). ATE
and ATT are the same in OLS model but are different in BC-RM, IPW and MB models.
First, I discuss the marginal effects of three types of treatments - giving women “access to

99 ¢

credit,” “education,” and “access to credit and education,” with women without access to

credit and education (D?) as the control group. Next, I test if there is any complementar-

ity between access to credit and education in affecting women’s participation in household

decision-making. As mentioned earlier, complementarity is tested by discrete analog of
82

aitar; F () as the difference inaLMiF (+) estimated for more educated (E; = 1) and less edu-

cated (E; = 0) subsamples where aiM,-F () represents the marginal effect of access to credit.
The education variable equals 1 if the respondent has 6 or more years of schooling and 0
otherwise. Access to credit is a dummy variable taking on 1 if the respondent is a member

of Grameen Bank, BRAC, Proshika, or other income generating organizations.
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3.8.1 OLS Results

The marginal effects of access to credit (8;), education (J,), joint treatment of access to
credit and education (03) are presented in the first column of Tables|3.2|through All the
treatment effects are estimated with women without access to credit and education (D)
as the control group. As column (1) of Table [3.2] shows, access to credit increases partici-
pation in decision-making regarding visiting respondent’s family and relatives, child health
care and large household purchase by 2.7, 3.6, and 4.0 percentage points, respectively.
However, it does not have significant effects on participation in decision-making regarding
respondent’s own health care or choice of contraceptive method. When indicators are com-
bined, access to credit increases participation in all 4 decisions by 2.7 percentage points, in
at least 3 of 4 decisions by 3.4 percentage points, in at least 2 of 4 by 2.7 percentage points,

and in at least 1 of 4 decisions by 2.2 percentage points.

Column (1) of Table[3.3|shows that education increases women’s participation in decisions
regarding visiting family and relatives, respondent’s own health care, child health care,
large household purchase and contraceptive method used. The biggest effect is on own
health care decision and the smallest on the choice of contraceptive method used. Estimated
coefficients are statistically significant at 0.01 level except for contraceptive method used.
When indicators are combined, education increases participation rates in all 4 decisions by
5.5 percentage points, in at least 3 of 4 decisions by 6.8 percentage points, in at least 2

decisions by 6.2, and in at least 1 decisions by 6.0 percentage points.

Column (1) of Table [3.4] presents the marginal effects of joint treatment, access to credit
and education. The results show that giving women both access to credit and education
increases participation rates in all but decisions regarding choice of contraceptive method.
As shown in columns (2), (3) and (4), women’s participation in decision-making regarding
choice of contraceptive method is statistically insignificant or barely significant. Since

93% of the women using contraceptive methods already participate in deciding types of
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contraceptive methods used which is quite high, it is unlikely that there are systematic

factors affecting women who do not participate in this choice.

Column (3) of Table [3.5] presents the z scores for testing complementarity between access
to credit and education. Complementarity implies that 83 > 8; + &,. However, as the
z-scores suggest, 01 + & is not significantly different from 03 for any of the decisions.
That is, the effect of education and access to credit on women’s participation in household

decision-making are not complementary.

Thus the OLS estimates suggest that access to credit as well as education increase women’s
participation rate in household decision-making but do not complement each other. How-
ever, as mentioned earlier, these results may be biased due to endogeneity. So I look at the

results from other estimation methods.

3.8.2 Covariate Balance Test

Estimates of 8;, & and &3 in equation for bias corrected distance weighted radius
matching, normalized IPW and MB approaches are presented in Tables [3.2] [3.3] and 3.4
All three of these estimates rely on propensity scores in one way or another. BC-RM uses
propensity score to identify the control groups for each treated respondent within the spec-
ified radius. IPW and MB estimates use propensity scores to re-weight the observations to
correct for the potential outcomes that are missing. Estimating treatment effect with obser-
vational data requires that the covariates must be balanced as covariates affecting selection
into treatment also affect the outcome of interest. Propensity score based estimates will
give a biased treatment effect if covariates are not balanced. Consequently, I discuss the

covariate balance test results first.

Covariates are said to be balanced when the distributions of covariates do not depend on
treatment status. Several methods have been proposed for covariate balance check. One

option is to compare covariate means between treated and control groups (Rosenbaum and
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Rubin, |1985) using t-test. However, Imai, King and Stuart (2008)) argue that this method is
flawed since this test is sensitive to sample size and balance is a characteristic of the sample,
reference to the hypothetical population is not appropriate. Instead, the standardized bias,
proposed by Rosenbaum and Rubin (1985)), is a more acceptable indicator for assessing
the balance of a covariate. The standardized bias is measured as the mean difference of the

covariate by treatment status as a percent of the average standard deviation.

Standardized difference (%)= X=X % 100
$7.4+5%

2

where X7 and S % are the mean and variance of covariate X for treatment group, andX ¢ and
S% are the mean and variance of X for the control group, respectively. The standardized
percentage biases of all covariates are presented in Table using the “pstest” command
that comes with “psmatch2” suit in Stata due to Leuven and Sianesi| (2018). As the table
shows, matching substantially improves covariate balance. The standardized bias of 10%
is considered to indicate the negligible imbalance in covariates (Normand et al., 2001 cited

in Austin, 2011} p, 412). All the biases shown in Table m are within the range of 10%.

Sianesi (2004) (cited in (Caliendo and Kopeinig, 2008, p. 49) suggests estimating the
propensity scores for the full sample and matched sample and compare the pseudo R’s
from the two estimates. After matching, pseudo R* values should be fairly low. The re-
sults for three different treatments are presented in Table Results indicate that post
match pseudo R?s are low. This table also presents the likelihood-ratio test statistic for the
joint significance of all regressors. As the p-values suggest, I cannot reject the hypothesis
that the covariates are jointly insignificant in predicting the treatment assignment in the
matched sample. Figure [3.2] shows the distribution of the propensity score by treatment
status for the matched samples. The model with “Credit=1 & Education=0 as treatment,
propensity score distribution are quite similar, whereas the distributions differ by treatment
status in the models with “Credit=0 & Education=1" and “Credit=1 & Education=1" as

treatments. However, the assumption of common support still holds in all models. As men-
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tioned earlier, IPW and MB estimators rely on an overlap assumption which requires that
each individual has a positive probability of receiving treatment. Figure [3.3] presents the
propensity score distributions for treatment and control groups. The propensity score dis-
tribution suggests that the overlap assumption is satisfied for all three types of treatments I
am dealing with. The standardized differences in covariates for unweighted and weighted
samples for MB estimators are presented in Table [B.5] As the results suggest, differences
in weighted samples are all within 4% which implies that the covariates are balanced. A
formal covariance balance test for MB estimators, proposed by [Imai and Ratkovic| (2014)
which view the balancing restrictions as overidentifying conditions, is presented in Table
The null hypothesis is that the covariates are balanced. The results in the table fail to

reject the null hypothesis.

3.8.3 Access to credit and participation in household decision making

The marginal effects of access to credit on women’s participation in household decision-
making are presented in Table 3.2] Column (2) presents BC-RM estimates, column (3)
presents the IPW estimates and column (4) presents the MB estimates of the marginal ef-
fects of access to credit with women without access to credit and education (D) as the
control group. BC-RM estimates are robust to misspecification of treatment assignment
but rely on CIA. IPW estimates also rely on CIA and performs at least as well as and usu-
ally better than propensity score based matching estimators (BC-RM excluded). The MB
estimator minimizes the bias in the [PW estimate and hence should give a better measure

when CIA fails.

The marginal effects of access to credit on participation indicators obtained from BC-RM
results are presented in the second column of Table[3.2] As the results suggest, the BC-RM
estimates are all smaller than the OLS estimates and the effect is statistically significant
only on child health care decision. The IPW estimates are presented in column (3) of the

table. These estimates are very similar to OLS estimates in terms of magnitude and statisti-
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cal significance indicating a positive effect of access to credit on women’s participation in

household decision-making.

The results from the methods employed so far rely on CIA. The violation of CIA leads to
the biased estimates of treatment effects. The direction of the bias is difficult to predict
given that preference and innate ability may bias the estimates upward or downward. The
more reliable MB estimates are presented in column (4) of Table The MB estimates
are generally larger than the OLS estimates with similar levels of statistical significance in
most cases. Like the OLS estimates, the MB estimates for respondent’s own health care
and choosing types of contraceptive method are very small and statistically insignificant.
As mentioned earlier, the participation rate in the decision regarding choosing types of con-
traceptive methods is about 93 percent which is quite high and may be difficult to influence
by giving women access to credit or education. Health care decisions are more knowledge
intensive and access to credit may not help in this regard. Overall, access to credit has a

small but positive effect on women’s participation in household decision-making.

3.8.4 Education and participation in household decision making

The marginal effects of education are presented in Table 3.3/ with women without access to
credit and education (D) as the control group. Column (2) presents the BC-RM estimates.
These estimates are generally smaller than the OLS estimates and indicate positive effects
of education on participation in decision-making. Column (3) presents the IPW estimates
which are similar to the OLS estimates. Since OLS, BC-RM and IPW estimates rely on

CIA, I turn to the MB estimates presented in column (4) of Table (3.3

MB estimates of the marginal effect of education are similar to or slightly larger than the
OLS, BC-RM and IPW estimates except for the effects on visiting family and relatives
and participating in at least 2 decisions. The effect on choosing types of contraceptive

method is larger in magnitude but statistically insignificant. The MB estimates suggest that
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education does increase women’s participation in household decision-making and more so

if the decision is knowledge intensive.

3.8.5 Access to credit and education and participation in household decision making

This section considers the effects of joint treatment (83), that is, giving women both access
to credit and more than 5 years of education. The results are presented in Table [3.4] Col-
umn (2) presents the BC-RM estimates, column (3) the [PW estimates and column (4) the
MB estimates. Both the BC-RM and the IPW estimates (except for the choice of contracep-
tives) are smaller than but close to the OLS estimates and suggest positive joint treatment
effect. The MB estimates in column (2) are smaller than the OLS estimates and statistically
insignificant for visiting family and relatives, own health care, choosing types of contra-
ceptive methods and participating in all 4 decisions. Overall, all these estimates suggest a

positive effect of joint treatment on women’s participation in household decision-making.

3.8.6 Complementarity of access to credit and education

As discussed above, education may complement access to credit in increasing women’s
participation in household decision-making. Having more education increases the earning
potential of women. Increased earning potential may act as a substitute for access to credit
in one hand. On the other hand, increased knowledge gain may complement access to credit
in increasing women'’s participation in household decision-making. The other possibility is
that effects of education and access to credit may be independent of each other as a result

of these two affecting participation in different types of decisions.

To test complementarity between access to credit and education, I estimate %F (+), the

marginal effect of access to credit, for more educated (E; = 1) and less educated (E; = 0)

subsamples separately and take the difference between these two to estimate the discrete
(92

analog of 5375 F (- ) . The z-scores of the differences between these two estimates (column
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(2) minus column (1) for OLS and IPW, and column (5) minus column (4) for BC-RM and
MB) are presented in Tables [3.5|and [3.6] Table [3.5]| presents the results for OLS and BC-
RM and [3.6] presents the result from IPW and MB estimates. All the z-scores are low
indicating statistically insignificant differences between the effects of access to credit on
less educated women and the effects on more educated women. These results suggest that
access to credit and education are not complementary in increasing women’s participation

in decision-making in the household.

3.9 Sensitivity analysis

As the results suggest, access to credit does have some positive effects but the evidence
also suggests a stronger positive effect of education on women’s participation in household
decision-making. I now test how robust the results are with respect to the failure of CIA
or misspecification. As mentioned earlier, the estimation methods rely on CIA except for
MB estimator which minimizes the bias when CIA fails. I test the robustness of the results
in 3 ways. First, I use different specifications adding additional variables to control for
preference. Second, I examine how the OLS estimate of the effects of access to credit
and education changes when the level of selection on unobservables relative to observables
varies. Finally, I check how resistant the results are to various degree of unobservables’

influence for BC-RM estimates.

3.9.1 Extended specification

I reestimate the effects of access to credit and education using a less parsimonious spec-
ification with additional variables to control for preferences. The variables are age gap
with husband, whether respondent worked outside in last 12 months prior to the survey,
whether husband prefers more children than the respondent, whether husband has more
than 5 years of schooling, and whether husband attended religious school (madrassa). All

these variables are likely to influence the preference of women in relation to their husband.
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For example, if the husband wants more children, in a patriarchal society, women’s pref-
erence may of be of little importance when it comes to choosing types of contraceptive
method, or respondent’s health care. The results with these additional controls are similar

to what I find above. Tables[B.9] [B.10} [B.1T], [B.12] and [B.13| presents the results from the
extended specification. Results in these tables are not identical but close to the earlier find-

ings. These results confirm that both access to credit and education have positive effects
on women’s participation in household decision-making. Similar to the main estimates,
the extended specifications also reject the presence of complementarity between access to

credit and education.

3.9.2 Coefficient Stability Check for the OLS estimates

I conduct coefficient stability check for the OLS estimates that address the endogeneity is-
sue. Altonji, Elder and Taber (2005) propose a method for selection bias correction without
exclusion restrictions. They suggest using the selection on observables as a guide to selec-
tion on unobservables and use that information to consistently estimate the treatment effect.

They assume equal selections on observables and unobservables in equation (3.8), that is,

Cov(Di-‘l,Xi/q)k) . Cov(Df.d,vjk)
Var(Xi/(])k) T Var(vi)

where k, [l = M, E &k # 1. Oster (2016) extends this method and

!
Cov(Df-‘l,Xi o) Cov(Dkl,v_ik)

L

Var(Xi/ o) Var(vie)

instead assumes a proportional relationship, that is, u where U

represents the proportionality including 1 = 1 that implies equal selections. The larger
values of u indicate increased level of selection on unobservables. For example, pt =2

implies that unobservables are twice as important as the observables. She assumes that the

2

maximum value of R?, R:,..» 1s bounded by the estimated R?, R? instead of assuming it to

be 1. In fact, based on her review of published articles on randomized experiments, she

2

max

iments which is R2,, = 1.3R2. If the value of R2,

suggests a value of R . that validates the estimated treatment effects in 90% of the exper-
is known along with u, it is possible to

consistently estimate the true treatment effect.

The results are present in Tables to As the results in Table show, at

higher levels of selection on unobservables, the marginal effects of access to credit gets

smaller and in some cases become negative. This pattern indicates that the OLS method
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overestimates the true effects of access to credit on women’s participation in household
decision-making. On the other hand, Table show that with higher levels of selection
on unobservables marginal effects of education become larger. That is, the OLS method
underestimates the true effect of education. The effects of joint treatment, “access to credit
and education,” also become larger in the presence selection on unobservables as shown in
Table [B.16] This outcome is probably due to dominating effects of education on women’s
participation in household decision-making. As pointed out earlier, complementarity be-
tween access to credit education indicates 63 — (8 + ;) > 0. The estimated differences are
presented in Table The results confirm the earlier finding that there is no complemen-
tarity. The differences become more negative at higher levels of selection on unobservables

which rather implies substitutability.

3.9.3 Bound analysis

Except for MB estimator, all other estimation methods used in this paper are vulnerable
to unobserved heterogeneity. In this section, I use bounding approach due to |Rosenbaum
(2002) to test the robustness of the results. I use “mbounds” program in STATA due to
Becker and Caliendo| (2007) which is suitable for binary outcome variables. Note that, the
bound analysis does not test whether CIA holds but rather checks how sensitive an estimate
of treatment effect to the violation of CIA. This approach introduces a simulated sensitivity
parameter I that measures the degree of unobserved heterogeneity into the model and test
how sensitive the estimated treatment effect is. The idea is that for individuals identical in
observables (X;), if there are unobservable characteristics that do not vary across treatment
and control groups or if there are no unobservable characteristics influencing selection into
treatment, then the odds of receiving treatment across individuals are the same and there
will be no hidden bias in the treatment effect and the value of I' will be 1. The values
of I' other than 1 indicate that there are differences in the probability of selection into

treatment due to unobserved characteristics. For example, I' = 2 means that the odds of
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receiving treatment is 100% higher for an individual who receives treatment compared to
an individual who does not receive the treatment given that both individuals have the same

observable characteristics.

Aakvik (2001) suggest using Mantel-Haenzel test statistic to test the null hypothesis of no
treatment effect. The Mantel-Haenszel test statistic for upper bound (Qj,) for BC-RM
estimates are presented Table that follows asymptotically the standard normal distri-
bution (Becker and Caliendo, 2007). The results in the table can be interpreted as follows:
In the presence of positive selection, for example, given the same observable characteris-
tics, those who have access to credit also participate in household decision-making, then my
earlier results overestimate the effects of treatments (assuming positive treatment effect).
In the presence of negative selection, that is, given the same observables characteristics,
those receiving treatments are less likely to participate in household decision-making, my
results would underestimate the effects of access to credit and education. Since I find posi-
tive effects of access to credit and education, I focus on the upward bias, whether the results
overestimate the causal effect of treatments. The asterisks represent the significance levels.
Among the 5 indicators, BC-RM estimate of the effect of access to credit is statistically
significant only for child health care. The results in column (5) of Table show that
this estimate is sensitive to the presence of unobserved heterogeneity. With the same ob-
servable characteristics, if an individual’s odds of having access to credit rises 20% due
to unobserved heterogeneity, then the positive effect of access to credit on women’s par-
ticipation in deciding children’s health care disappears and would become negative if the
influence of unobservables increases further. Column (2) of Table presents the posi-
tive and statistically significant BC-RM estimates of the effect of education on women’s
participation in household decision-making. The effect is the largest for respondent’s own
health care decision. The QAJCIH statistics for the effect of education shows that the effect of
education on respond’s own health care decision is statistically insignificant in the absence

of hidden bias (I' = 1) and the other estimates are significant at 5% or 10% level of signifi-

89



cance. Among these, the effect of education on women’s participation in deciding the types
of contraceptive method is sensitive to unobserved heterogeneity. If the odds of receiving
treatment due to unobservables (given the similarity in observables) rises by 20%, the ef-
fect of education on participation in deciding types of contraceptive method used becomes
statistically insignificant. The effects of joint treatment are also sensitive to unobserved

heterogeneity or insignificant in the absence of hidden bias as is shown in the bottom panel

of Table

These results suggest positive effects of access to credit on women’s participation in house-
hold decisions are sensitive to unobservables. That is, if unobservable characteristics influ-
ence affects participation in credit programs, the effects of access to credit on participation
in decision-making. However, the effects of education relatively stable in the presence of

unobserved heterogeneity.

3.10 Conclusion

In this paper, I examine how access to credit and education affect women’s participation
in household decision-making. I also examine if there is any evidence of complementar-
ity between access to credit and education. I use 5 binary variables to represent women’s
participation. These are - if she participates in decisions regarding - visiting family and
relatives, own health care, child health care, large household purchase, and types of con-
traceptive method used. I use three recently developed econometric technics along with
OLS methods, namely - normalized inverse probability weighted (IPW) estimator, distance
weighted regression based bias adjusted radius matching (BC-RM) estimator and minimum
bias (MB) estimator. All these estimators rely on CIA, but the last estimator minimizes the
bias arising from the violation of CIA. Results from these different methods suggest that
there are positive effects of both access to credit on women’s participation in household

decision-making. However, I do not find any evidence of complementarity between ac-
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cess to credit and education. I test the robustness of the findings using three alternative
approaches - using less parsimonious specification, coefficient stability check for the OLS
estimates, and bound analysis for the BC-RM estimates. The first approach confirms the
main results. The coefficient stability check suggests that when CIA fails, the OLS method
overestimates the effects of access to credit, underestimates the effects of education and do
not support complementarity between access to credit and education. Like the coefficient
stability checks, bounds analysis (specific to BC-RM) suggests that the positive effects of
access to credit are very sensitive to the violation of CIA. That is, the positive effects go
away if I introduce a small amount of unobserved heterogeneity in the model. The pos-
itive effect of education, however, is relatively stable even in the presence of unobserved

heterogeneity.
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Table 3.1: Descriptive Statistics.

Variables Obs Mean Std. Dev. Min Max
Outcome variables
Visiting family and relatives 9364  0.607 0.488 0 1
Own health care 9372  0.622 0.485 0 1
Child health care 9367 0.666 0.472 0 1
Large household purchase 9373  0.581 0.493 0 1
Contraceptive method use 5809 0.931 0.253 0 1
Participates in -
in all 4 decisions 9357  0.408 0.491 0 1
in at least 3 of 4 9357  0.567 0.495 0 1
in at least 2 of 4 9357  0.693 0.461 0 1
in at least 1 of 4 9357  0.807 0.395 0 1
Treatment variables
Access to Credit 9373 0.43 0.495 1
Education (more than 5 years of schooling) 9373  0.351 0.477 1
(Access to Credit)x(Education) 9373  0.129 0.335 1
Control variables
Age 9373  30.802 8.974 15 49
Age gap with husband 9373  8.992 4.722 0 25
Worked in last 12 months 9373 0.11 0.313 0 1
Husband wants more children 9373  0.094 0.291 0 1
Husband’s last school attend is a madrassa 9373  0.032 0.176 0 1
Muslim 9373  0.898 0.303 0 1
1=Land owned less than 0.5 acres 9373  0.826 0.379 0 1
Number of household members (10 years or 9373  4.023 1.862 1 20
above)
All weather access road 9373  0.631 0.483 0 1
Access to electricity 9373  0.778 0.416 0 1
Community has primary school 9373  0.821 0.384 0 1
Community has high school 9373  0.355 0.479 0 1
Community has post office 9373  0.247 0.431 0 1
Distance to the city corporation: Within 10 9373  0.009 0.096 0 1
km
Within 10 to 20 km 9373  0.076 0.265 0 1
Within 20 to 30 km 9373  0.078 0.268 0 1
Within 30 to 40 km 9373  0.129 0.336 0 1
Within 40 to 60 km 9373  0.253 0.435 0 1
Within 60 to 100 km 9373  0.388 0.487 0 1
More than 100 km 9373  0.066 0.249 0 1
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Table 3.2: The marginal effects of access to credit (5,) on women’s participation in house-
hold decision making.

ey @ (€) “
Dependent variables OLS BC-RM IPW MB
Visiting Family and Relatives 0.027* 0.015 0.024* 0.031*
(0.014) (0.014) (0.014) (0.019)
Own health care 0.006 -0.003 0.004 0.004
(0.013) (0.014) (0.014) (0.019)
Child health care 0.036%** 0.031%** 0.039%**  (.055%**
(0.014) (0.014) (0.014) (0.018)
Large household purchase 0.04%#* 0.022 0.036** 0.048**
(0.014) (0.014) (0.014) (0.019)
Types of contraceptive method -0.003 -0.004 -0.004 -0.005

used
(0.008) (0.009) (0.008) (0.012)

Combined indicators: Respondent participates in -

All 4 decisions 0.027%* 0.013 0.023 0.029
0.014) (0.015) 0.014) (0.019)
At least 3 of 4 0.034% 0.018 0.032%%  0.045%*
(0.014) (0.014) (0.014) (0.019)
At least 2 of 4 0.027%% 0.018 0.025% 0.038%*
(0.013) (0.013) (0.013) (0.017)
At least] of 4 0.022%* 0.016 0.022%* 0.027*

(0.011) (0.011) (0.011) (0.015)

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult
household members (10 years or above), less than 0.50 acre of household land ownership; community
characteristics - all weather access road, access to electricity, post office, primary and high schools in
the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inverse Propbability Weighted estimator;
MB=Minimum Bias estimator.
5) Standard errors are in parentheses.

6) *** ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table 3.3: The marginal effects of education (5,) on women’s participation in household
decision making.

ey @ (€) “

Dependent variables OLS BC-RM IPW MB
Visiting Family and Relatives 0.057***  0.046***  (0.057#** 0.039%*

(0.016) (0.018) (0.021) (0.022)
Own health care 0.085***  0.071***  (0.088***  (.103***

(0.016) (0.018) (0.021) (0.022)
Child health care 0.049%#%* 0.042%* 0.045%** 0.049%*

(0.016) (0.017) (0.021) (0.021)
Large household purchase 0.056%** 0.046** 0.051** 0.079%**

(0.017) (0.018) (0.021) (0.022)
Types of contraceptive method 0.019%* 0.025%* 0.022 0.021
used

(0.01) (0.013) (0.017) (0.015)

Combined indicators: Respondent participates in -

All 4 decisions 0.055%+%  0.046%+%  0.048%%  (.065%+*
(0.018) (0.017) (0.019) (0.021)
At least 3 of 4 0.068%+%  0.057+%%  0.066%*  0.073%**
(0.017) (0.018) (0.021) (0.022)
At least 2 of 4 0.063%%%  0.054%%%  0.066%%*  0.057+%*
(0.016) (0.017) (0.021) (0.021)
Atleast 1 of 4 0.060%+%  0.049%+%  0.060%*  (.072%%*

(0.014) (0.016) (0.021) (0.018)

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult
household members (10 years or above), less than 0.50 acre of household land ownership; community
characteristics - all weather access road, access to electricity, post office, primary and high schools in
the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inverse Propbability Weighted estimator;
MB=Minimum Bias estimator.

5) Standard errors are in parentheses.

6) *** ** and * denote statistical significance level at 1%, 5% and 10%, repectively.
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Table 3.4: The marginal effects of access to credit and education (s;) on women’s participa-
tion in household decision making.

ey @ (€) “
Dependent variables OLS BC-RM IPW MB
Visiting Family and Relatives 0.069%** 0.051** 0.055%** 0.020
(0.019) (0.020) (0.021) (0.026)
Own health care 0.063#%** 0.050%* 0.053** 0.041
(0.017) (0.020) (0.021) (0.026)
Child health care 0.084***  (0.078***  (0.072%**  (0.070%**
(0.018) (0.019) (0.020) (0.024)
Large household purchase 0.07 1% 0.042%* 0.044** 0.046%*
(0.018) (0.020) (0.021) (0.025)
Types of contraceptive method 0.020%* 0.025%* 0.019 0.013

used
(0.012) (0.012) (0.014) (0.018)

Combined indicators: Respondent participates in -

All 4 decisions 0.049%* 0.030 0.030 0.028
(0.020) (0.020) (0.020) (0.025)
At least 3 of 4 0.088%%%  0.068%+  (.070%%  (.072%%*
(0.019) (0.020) (0.021) (0.026)
At least 2 of 4 0.080%+%  0.060%*  0.062%*  (.043%
(0.016) (0.019) (0.020) (0.024)
Atleast 1 of 4 0.072%%%  0.061%%*  0.061%*  0.036%

(0.013) (0.016) (0.018) (0.021)

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult
household members (10 years or above), less than 0.50 acre of household land ownership; community
characteristics - all weather access road, access to electricity, post office, primary and high schools in
the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inverse Propbability Weighted estimator;
MB=Minimum Bias estimator.
5) Standard errors are in parentheses.

6) ##* ** and * denote statistical significance level at 1%, 5% and 10%, repectively.
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Table 3.5: Test of complementarity between access to credit and education on women’s
participation in household decision making.

1) 2) 3) 4) (%) (6)
OLS BC-RM
Dependent variables Marginal effect of Marginal effect of
access to credit Zscore access to credit Zseore
Less More Less More
Educated  Educated Educated  Educated
Visiting Family and 0.027* 0.029 0.075 0.015 0.040%* 1.060
Relatives
(0.014) (0.018) (0.014) (0.020)
Own health care 0.006 -0.012 -0.819 -0.003 -0.001 0.111
(0.013) (0.019) (0.014) (0.019)
Child health care 0.036%** 0.052%* 0.718 0.031%* 0.063*** 1.370
(0.014) (0.018) (0.014) (0.019)
Large household 0.04%** 0.024 -0.725 0.022 0.025 0.101
purchase
(0.014) (0.017) (0.014) (0.020)
Types of -0.002 0.001 0.275 -0.004 0.003 0.465
contraceptive
method used
(0.008) (0.012) (0.009) (0.012)
Combined indicators: Respondent participates in -
All 4 decisions 0.027%* 0.007 -0.893 0.013 0.020 0.296
(0.014) (0.018) (0.015) (0.020)
At least 3 of 4 0.034%* 0.037** 0.142 0.018 0.038* 0.821
(0.014) (0.017) (0.014) (0.020)
At least 2 of 4 0.027** 0.031* 0.205 0.018 0.040%* 0.983
(0.013) (0.018) (0.013) (0.018)
Atleast 1 of 4 0.022%* 0.021 -0.049 0.016 0.033%* 0.887
(0.011) (0.015) (0.011) (0.016)

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult household
members (10 years or above), less than 0.50 acre of household land ownership; community characteristics - all
weather access road, access to electricity, post office, primary and high schools in the community, dummy
variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inverse Propbability Weighted estimator; MB=Minimum
Bias estimator.

5) Standard errors are in parentheses.

6) **#* ** and * denote statistical significance level at 1%, 5% and 10%, repectively.
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Table 3.6: Test of complementarity between access to credit and education on women’s
participation in household decision making.

ey 2) (3) 4) (%) (6)
IPW MB
Dependent variables Marginal effect of Marginal effect of
access to credit Zrseore access to credit z-seore
Less More Less More
Educated  Educated Educated Educated
Visiting Family and 0.024* 0.029 0.198 0.031%* 0.000 -0.995
Relatives
(0.014) (0.019) (0.019) (0.025)
Own health care 0.004 -0.007 -0.456 0.004 -0.022 -0.823
(0.014) (0.019) (0.019) (0.025)
Child health care 0.039%**  0.056%** 0.774 0.055%** 0.062%* 0.236
(0.014) (0.018) (0.018) (0.024)
Large household 0.036** 0.025 -0.439 0.048** 0.010 -1.182
purchase
(0.014) (0.019) (0.019) (0.025)
Types of -0.004 0.006 0.634 -0.005 0.001 0.332
contraceptive
method used
(0.008) (0.013) (0.012) (0.015)
Combined indicators: Respondent participates in -
All 4 decisions 0.023 0.004 -0.773 0.029 -0.006 -1.125
(0.014) (0.019) (0.019) (0.025)
Atleast 3 of 4 0.032%%* 0.039%*%* 0.307 0.045%* 0.028 -0.506
(0.014) (0.019) (0.019) (0.025)
At least 2 of 4 0.025% 0.036%** 0.492 0.038%* 0.013 -0.829
(0.013) (0.018) (0.017) (0.024)
Atleast 1 of 4 0.022%* 0.027%* 0.269 0.027* 0.018 -0.381
(0.011D) (0.016) (0.015) (0.020)

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult household
members (10 years or above), less than 0.50 acre of household land ownership; community characteristics - all
weather access road, access to electricity, post office, primary and high schools in the community, dummy
variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inverse Propbability Weighted estimator; MB=Minimum
Bias estimator.

5) Standard errors are in parentheses.

6) **#* ** and * denote statistical significance level at 1%, 5% and 10%, repectively.
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Figure 3.1: Standardized bias of covariates.
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Figure 3.2: Propensity score distribution by treatment status for BC-RM estimator.
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Figure 3.3: Propensity score distribution for MB estimator.
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Appendix B

Table B.1: Distribution of the sample by treatment status.

Education =0 Education =1 Total

Accesstocredit =0 DY : 3236 DO 2113 5,349
(%) (34.52) (22.54) (57.06)
Accesstocredit = 1 D'9:2780 D' : 1244 4,024
(%) (29.66) (13.27) (42.93)

Total 6,016 3,357 9,373

(%) (64.18) (35.81) (100)

Table B.2: Mean of participation indicators by treatment status.

Participation D% D' D D' All

indicators Obs Mean Obs Mean Obs Mean Obs Mean Obs Mean

Visiting family and 3233 0.597 2110 0.578 2779 0.640 1242 0.609 9364 0.607

relatives

Own health care 3235 0.609 2113 0.630 2780 0.631 1244 0.623 9372 0.622
Child health care 3234 0.650 2110 0.626 2779 0.705 1244 0.682 9367 0.666
Large household 3236 0.564 2113 0.546 2780 0.623 1244 0.585 9373 0.581
purchase

Contraceptive 1902 0925 1192 0934 1885 0932 830 0942 5809 0.931
method use

Participates in -
all 4 decisions 3230 0.398 2107 0.384 2778 0.443 1242 0.394 9357 0.408
at least 3 of 4 3230 0.551 2107 0.537 2778 0.604 1242 0.577 9357 0.567
at least 2 of 4 3230 0.678 2107 0.666 2778 0.725 1242 0.707 9357 0.693
at least 1 of 4 3230 0.792 2107 0.792 2778 0.828 1242 0.823 9357 0.807
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Table B.3: OLS estimates of the marginal effects of access to credit (§,), education (&,) and
joint treatment (&3).

M @ ©) 4 ©)
z-score
Dependent variables Obs. 1) & ’
P ! % 01 +86 =0
Visiting Family and
i 9364 0.032%* 0.051%%* 0.075%** 0.397
Relatives
(0.015) (0.016) (0.019)
Own health care 9372 0.009 0.079%** 0.065%** 1.036
(0.012) (0.016) (0.017)
Child health care 9367 0.039%#%** 0.045%** 0.091%%** 0.299
(0.014) (0.015) (0.017)
Large household purchase 9373 0.043%** 0.053%** 0.078%** 0.811
(0.014) (0.016) (0.017)
Types of contraceptive
5809 -0.001 0.013 0.015 0.229
method
(0.008) (0.009) (0.011)

Combined indicators: Respondent participates in -

All 4 decisions 9357 0.031%* 0.051%*** 0.055%** 1.203
0.014 0.017 0.018

Atleast 3 of 4 9357 0.039%** 0.061%#** 0.0927%%* 0.365
0.014 0.016 0.019

At least 2 of 4 9357 0.029%** 0.059%** 0.087%#** 0.039
0.013 0.015 0.016

Atleast 1 of 4 9357 0.023%** 0.056%** 0.075%** 0.202
0.011 0.013 0.013

Notes:

1) Control variables include respondent’s age & age squared, religion (Islam), number of adult household members
(10 years or above), less than 0.50 acre of household land ownership; community characteristics - all weather
access road, access to electricity, post office, primary and high schools in the community, dummy variables for
distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as Grameen
Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) Standard errors are in parentheses.

5) ##* ** and * denote statistical significance level at 1%, 5% and 10%, repectively.
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Table B.4: Standardized % bias in mean of matched and unmatched samples in BC-RM
method

Variables Unmatched/ Treatment: Treatment: Treatment: Access to
Matched sample Access to credit Education credit & education
Yobias t-stat Ybias t-stat 9obias t-stat
Age Unmatched 1.3 0.5 -77.3 0 -77.2 0
Matched -0.7 -0.25 0.4 0.13 1.5 0.41
Age squared Unmatched 0 -0.01 -76.6 0 -76.6 0
Matched -0.9 -0.35 -0.6 -0.22 0.9 0.27
Muslim Unmatched -12 -4.68 -8.1 0.003 -28.4 0
Matched -2.6 -0.93 -2.6 -0.81 -1.4 -0.31
Household size (10 years or Unmatched -3.4 -1.31 7 0.011 -2.8 0.397
older)
Matched 2.8 1.09 1.3 0.4 5.6 1.39
Less than 0.5 acres of land Unmatched 29.3 11.17 -37.5 0 -5.7 0.086
Matched -2.8 -1.33 -0.3 -0.08 -2.5 -0.6
Community has access road Unmatched 9.7 3.76 14.5 0 23 0
Matched 14 0.51 -4.3 -1.43 0.4 0.11
Community has electricity Unmatched 8.1 3.13 21.9 0 25.6 0
Matched 4 1.48 -2.7 -0.97 -3.4 -0.95
Community has post office Unmatched 4.2 1.61 7 0.012 10.2 0.002
Matched 5 1.88 -1.7 -0.53 -3.2 -0.76 ‘
Community has primary school Unmatched -3.4 -1.31 2.8 0.311 29 0.395
Matched 2.4 0.86 1.2 0.38 1.3 0.32
Community has high school Unmatched 7.5 2.9 9.3 0.001 15.1 0
Matched 0.5 0.17 0.3 0.11 -3.5 -0.86
Distance to the city corporation: Unmatched -7.1 -2.74 -0.6 0.843 2.6 0.434
Within 10 to 20 km
Matched -1 -0.41 0.6 0.21 -8.9 -2.04
Within 20 to 30 km Unmatched -8 -3.08 1.5 0.592 -2.9 0.389
Matched 23 0.93 1.1 0.36 -3.5 -0.88
Within 30 to 40 km Unmatched 4.1 1.59 11 0 8.5 0.009
Matched -1.1 -0.4 -0.9 -0.28 2 0.48
Within 40 to 60 km Unmatched -3.1 -1.2 11 0 -1.4 0.675
Matched 1.8 0.68 0.8 0.25 0 0.01
Within 60 to 100 km Unmatched 12 4.63 -124 0 1.2 0.715
Matched -3.3 -1.2 -1.6 -0.53 6 1.51
More than 100 km Unmatched -7.8 -3.01 -19 0 -13 0
Matched 2.7 1.12 -0.1 -0.04 -1.7 -0.47

Notes:

% bias = % x 100, where X7 and S% are the mean and variance of covariate X for treatment group, andX ¢ and S% are

SF+S¢

2
the mean and variance of X for the control group, respectively.
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Table B.5: Standardized difference (%) of covariate means by treatment status for the sam-
ple used for minimum bias (MB) estimator.

Variable Access to credit Education Access to credit &
education
Raw  Weighted Raw  Weighted Raw Weighted
Age 6.54 0.73 -21.65 -0.55 -21.66 0.26
Age squared 5.79 0.27 -21.55 -0.65 -22.37 0.20
Muslim -5.17 -2.92 -2.33 2.65 -10.64 0.65
Household size (10 years or 0.05 -2.61 5.81 -2.27 3.47 2.78
older)
Less than 0.5 acres of land -3.16 -0.25 -7.32 1.20 -1.02 -0.31
Community has access road 5.28 -1.70 -6.34 -2.59 5.65 -2.11
Community has electricity 5.90 -0.80 2.48 1.36 11.69 -2.14
Community has post office -2.79 2.94 -1.50 1.40 0.90 -3.71
Community has primary -1.12 1.46 0.32 -2.51 -1.30 -0.26
school
Community has high school -2.31 0.11 1.62 0.67 0.85 -3.08
Distance to the city -3.30 -0.13 -1.43 0.77 6.18 1.29
corporation: Within 10 to 20
km
Within 20 to 30 km 247 0.73 291 -0.60 2.16 3.46
Within 30 to 40 km -1.09 -1.62 2.26 -1.94 5.29 -1.54
Within 40 to 60 km -0.38 -0.89 2.96 2.34 4.74 -2.10
Within 60 to 100 km 4.12 2.37 -5.01 -0.90 -8.30 -0.18
More than 100 km -7.35 -1.99 -2.69 0.21 -9.60 1.83
Notes:

1) Standardized difference (%)= Xr Xc o 100, where X7 and S% are the mean and variance of covariate X for

2 12
ST+S¢
2

treatment group, andX ¢ and S% are the mean and variance of X for the control group, respectively.

2) Raw difference refers to the differece before before applying the inverse probability weight.

3) Weighted difference refers to the difference with inverse probability weight.
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Table B.6: Covariate balance test statistics for BC-RM estimator.

Treatment Sample  PseudoR> LRx> p>yx> Mean Bias
Credit=1, Education=0  Unmatched 0.029 242.74  0.000 7.6
Matched 0.002 15.30 0.503 2.2
Credit=0, Education=1 Unmatched 0.164 1174.57 0 19.8
Matched 0.002 10.91 0.815 1.3
Credit=1, Education=1 Unmatched 0.138 728.56 0 18.6
Matched 0.004 45.63 0.654 2.9

Note: Null hypothesis - covariates are balanced.

Table B.7: Covariate balance test statistics for Minimum bias estimator sample
2 p> XZ

Credit=1, Education=0 28.83 1.00

Credit=0, Education=1 63.36 0.87

Credit=1, Education=1 81.56 0.36

Note: Null hypothesis - weighted-means of the

Treatment X

covariates are the same between groups.
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Table B.8: The OLS estimates of the effects of access to credit (8,), education (8,) and joint
treatment (03), controlling for preference.

ey 2 3) “4) &)
z-score,
Dependent variables Obs. & & & 51t 6 — &
Visiting Family and
) 9364 0.030%* 0.044*%* 0.066*** 0.363
Relatives
(0.015) (0.017) (0.020)
Own health care 9372 0.005 0.066%** 0.049%** 0.985
(0.012) (0.017) (0.018)
Child health care 9367 0.037%** 0.038%** 0.083%** 0.322
(0.014) (0.016) (0.018)
Large household purchase 9373 0.038%** 0.060%** 0.078%** 0.886
(0.014) (0.017) (0.018)
Types of contraceptive
5809 -0.001 0.001 0.006 0.469
method
(0.009) (0.011) (0.012)
Combined indicators: Respondent participates in -
All 4 decisions 9357 0.027%%* 0.051%#%* 0.049%#** 1.267
(0.013) (0.017) (0.018)
Atleast 3 of 4 9357 0.035%* 0.055%** 0.081%#%* 0.385
(0.014) (0.017) (0.020)
Atleast 2 of 4 9357 0.026%* 0.053%%** 0.079%%** 0.033
(0.013) (0.017) (0.017)
Atleast 1 of 4 9357 0.021* 0.048%#** 0.067*#** 0.087
(0.011) (0.015) (0.014)
Notes:

1) Control variables include respondent’s age & age squared, age difference with husband, respondent worked in last 12
months, religion (Islam), husband wants more children, husband has more than 5 years of schooling, husband’s last
school attended is a madrassa, number of adult household members (10 years or above), less than 0.50 acre of household
land ownership; community characteristics - all weather access road, access to electricity, post office, primary and high
schools in the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as Grameen Bank,

BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) Standard errors are in parentheses.

5) *** ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.9: The marginal effects of access to credit (§;) on women’s participation in house-
hold decision making.

Variables (D 2) 3) 4
OLS BC-RM IPW MB
Visiting Family and Relatives 0.024* 0.015 0.02 0.022
(0.014) (0.014) (0.014) (0.019)
Own health care 0.002 -0.004 -0.002 0.004
(0.013) (0.014) (0.014) (0.019)
Child health care 0.034%* 0.032%* 0.036%** 0.046%**
(0.014) (0.013) (0.014) (0.018)
Large household purchase 0.036%** 0.021 0.028%*%* 0.057%**
(0.014) (0.014) (0.014) (0.019)
Contraceptive method -0.003 -0.006 -0.004 -0.003
(0.009) (0.009) (0.008) (0.012)

Combined indicators: Respondent participates in -

All 4 decisions 0.023* 0.009 0.017 0.025
(0.014) (0.014) (0.014) (0.019)
Atleast 3 of 4 0.029** 0.016 0.025%* 0.040%*
(0.014) (0.014) (0.014) (0.019)
Atleast 2 of 4 0.024* 0.018 0.021 0.034%*
(0.013) (0.013) (0.013) (0.017)
Atleast 1 of 4 0.020%* 0.021%* 0.019* 0.030%**
(0.011) (0.011) (0.011) (0.015)
Notes:

1) Control variables include respondent’s age & age squared, age difference with husband, respondent
worked in last 12 months, religion (Islam), husband wants more children, husband has more than 5 years
of schooling, husband’s last school attended is a madrassa, number of adult household members (10 years
or above), less than 0.50 acre of household land ownership; community characteristics - all weather access
road, access to electricity, post office, primary and high schools in the community, dummy variables for
distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inver Propbability Weighted estimator;
MB=Minimum Bias estimator.

5) Standard errors are in parentheses.

6) **#*, ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.10: The marginal effects of education (8,) on women’s participation in household
decision making.

ey 2 3) “)
Variables OLS BC-RM IPW MB
Visiting Family and Relatives 0.050%** 0.053%%* 0.087#** 0.080%#**
(0.019) (0.021) (0.032) (0.024)
Own health care 0.075%** 0.063%** 0.108*** 0.068#**
(0.018) (0.020) (0.033) (0.024)
Child health care 0.044%* 0.042%* 0.053* 0.063#**
(0.018) (0.020) (0.032) (0.024)
Large household purchase 0.069%** 0.063% 0.104%** 0.087%
(0.019) (0.021) (0.030) (0.025)
Contraceptive method 0.009 0.017 -0.004 0.008
(0.013) (0.014) (0.015) (0.016)

Combined indicators: Respondent participates in -

All 4 decisions 0.069%#** 0.046%* 0.078%** 0.090%*>
(0.019) (0.020) (0.025) (0.023)
Atleast 3 of 4 0.062%#%* 0.060%** 0.101%#%* 0.072%%*
(0.019) (0.021) (0.030) (0.024)
Atleast 2 of 4 0.059%#** 0.067%%* 0.109 0.071%%*
(0.018) (0.020) (0.034) (0.023)
Atleast 1 of 4 0.046%** 0.046%** 0.062%* 0.062%
(0.016) (0.017) (0.030) (0.021)
Notes:

1) Control variables include respondent’s age & age squared, age difference with husband, respondent
worked in last 12 months, religion (Islam), husband wants more children, husband has more than 5 years
of schooling, husband’s last school attended is a madrassa, number of adult household members (10 years
or above), less than 0.50 acre of household land ownership; community characteristics - all weather access
road, access to electricity, post office, primary and high schools in the community, dummy variables for
distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inver Propbability Weighted estimator;
MB=Minimum Bias estimator.

5) Standard errors are in parentheses.

6) **#*, ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.11: The marginal effects of access to credit and education (8;) on women’s partic-
ipation in household decision making.

ey 2 3) “)
Dependent variables OLS BC-RM IPW MB
Visiting Family and Relatives 0.058%** 0.058%** 0.054* 0.050%*
(0.021) (0.022) (0.028) (0.028)
Own health care 0.045%* 0.052%* 0.053* 0.02
(0.019) (0.022) (0.028) (0.027)
Child health care 0.074%#%* 0.067%%* 0.075%** 0.084#%*%*
(0.020) (0.021) (0.027) (0.026)
Large household purchase 0.064##* 0.051%#%* 0.068%** 0.068%*
(0.020) (0.022) (0.028) (0.027)
Contraceptive method 0.019 0.012 0.004 0.013
(0.014) (0.013) (0.014) (0.016)
Combined indicators: Respondent participates in -
All 4 decisions 0.041%* 0.032 0.05%%* 0.032
(0.021) (0.022) (0.025) (0.027)
At least 3 of 4 0.073#** 0.077%%* 0.085%*%* 0.066%*
(0.021) (0.022) (0.028) (0.027)
At least 2 of 4 0.066%** 0.066%** 0.065%* 0.062%*
(0.018) (0.020) (0.026) (0.026)
Atleast 1 of 4 0.063%** 0.054%*%* 0.05%* 0.063#**
(0.016) (0.017) (0.023) (0.022)

1) Control variables include respondent’s age & age squared, age difference with husband, respondent
worked in last 12 months, religion (Islam), husband wants more children, husband has more than 5 years
of schooling, husband’s last school attended is a madrassa, number of adult household members (10 years
or above), less than 0.50 acre of household land ownership; community characteristics - all weather access
road, access to electricity, post office, primary and high schools in the community, dummy variables for
distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as
Grameen Bank, BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inver Propbability Weighted estimator;
MB=Minimum Bias estimator.

5) Standard errors are in parentheses.

6) *** ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.12: Test of complementarity between access to credit and education on women’s
participation in household decision making.

(1 (2) 3) “) 5) (6)
OLS BC-RM
Dependent variables Marginal effect of Marginal effect of
access to credit Zseore access to credit arseore
Less More Less More
Educated  Educated Educated  Educated

Visiting Family and 0.024* 0.027 0.139 0.015 0.036%* 0.878

Relatives
(0.014) (0.018) (0.014) (0.020)

Own health care 0.002 -0.015 -0.723 -0.004 -0.007 -0.141
(0.013) (0.019) (0.014) (0.019)

Child health care 0.034%* 0.051%** 0.767 0.032%* 0.063%** 1.357
(0.014) (0.018) (0.013) (0.019)

Large household purchase 0.036%** 0.019 -0.724 0.021 0.019 -0.089
(0.014) (0.018) (0.014) (0.020)

Contraceptive method -0.003 0.003 0.356 -0.006 0.008 0.904
(0.009) (0.013) (0.009) (0.013)

Combined indicators: Respondent participates in -

All 4 decisions 0.023* 0.001 -0.942 0.009 0.007 -0.089
(0.014) (0.019) (0.014) (0.020)

Atleast 3 of 4 0.029%* 0.035%* 0.253 0.016 0.035% 0.758
(0.014) (0.017) (0.014) (0.020)

At least 2 of 4 0.024* 0.028 0.218 0.018 0.038** 0.878
(0.013) (0.018) (0.013) (0.018)

Atleast 1 of 4 0.020%* 0.022 0.119 0.021%* 0.034** 0.714
(0.011) (0.016) (0.011) (0.016)

Notes:

1) Control variables include respondent’s age & age squared, age difference with husband, respondent worked in last 12
months, religion (Islam), husband wants more children, husband has more than 5 years of schooling, husband’s last
school attended is a madrassa, number of adult household members (10 years or above), less than 0.50 acre of household
land ownership; community characteristics - all weather access road, access to electricity, post office, primary and high
schools in the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as Grameen Bank,
BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inver Propbability Weighted estimator; MB=Minimum Bias
estimator.
5) Standard errors are in parentheses.

6) **#* ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.13: Test of complementarity between access to credit and education on women’s
participation in household decision making.

(1 (2) 3) “) 5) (6)
IPW MB
Dependent variables Marginal effect of Marginal effect of
access to credit Zseore access to credit arseore
Less More Less More
Educated  Educated Educated  Educated

Visiting Family and 0.02 0.03 0.413 0.022 0.025 0.093

Relatives
(0.014) (0.020) (0.019) (0.026)

Own health care -0.002 -0.008 -0.249 0.004 -0.017 -0.66
(0.014) (0.020) (0.019) (0.026)

Child health care 0.036%**  (0.064*** 1.172 0.046%** 0.060%* 0.45
(0.014) (0.019) (0.018) (0.025)

Large household purchase 0.028** 0.027 -0.042 0.057% 0.037 -0.599
(0.014) (0.020) (0.019) (0.026)

Contraceptive method -0.004 0.011 0.913 -0.003 -0.002 0.035
(0.008) (0.014) (0.012) (0.018)

Combined indicators: Respondent participates in -

All 4 decisions 0.017 -0.001 -0.763 0.025 0.004 -0.635
(0.014) (0.020) (0.019) (0.026)

Atleast 3 of 4 0.025% 0.043%* 0.738 0.040%* 0.058%* 0.543
(0.014) (0.020) (0.019) (0.026)

At least 2 of 4 0.021 0.039%* 0.789 0.034%* 0.028 -0.209
(0.013) (0.018) (0.017) (0.024)

Atleast 1 of 4 0.019%* 0.036** 0.864 0.030** 0.017 -0.471
(0.011) (0.016) (0.015) (0.021)

Notes:

1) Control variables include respondent’s age & age squared, age difference with husband, respondent worked in last 12
months, religion (Islam), husband wants more children, husband has more than 5 years of schooling, husband’s last
school attended is a madrassa, number of adult household members (10 years or above), less than 0.50 acre of household
land ownership; community characteristics - all weather access road, access to electricity, post office, primary and high
schools in the community, dummy variables for distance to the nearest city corporations; and district fixed effect.

2) Access to credit is defined as respondent being a member of income generating organizations such as Grameen Bank,
BRAC, Proshika, etc.

3) Education is a dummy variable that takes on 1 if respondent has more than 5 years of schooling.

4) BC-RM = Bias Corrected Radius Matching; IPW=Inver Propbability Weighted estimator; MB=Minimum Bias
estimator.
5) Standard errors are in parentheses.

6) **#* ** and * denote statistical significance level at 1%, 5% and 10% significance level, repectively.
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Table B.18: Rosenbaum Bounds for BC-RM estimates.

() @) ®» [ @ ®» | ® a | ® © [ o
r VFR HC CHC LHP CM
O | Oun O | O O | O O | O O | Oun
Access to credit
1 2.599% 3% 2.599% 1.56%* 1.56%* 4,057 4,057%%* 3.6]%** 3.6]%%* 0.723 0.723
1.2 0.725 5.984%*:* 1.754%* 4,93 %% 0.838 7 .29k 0.193 7.036%** 0.637 2.2] %%
1.4 3.582%#** 8.856%** 4.605%** 7.793%%* 1.826%* 10.04%%** 2.642% %% 9.944 %% 1.893%* 3.48%%*
1.6 6.062%** 11.36%%** 7.0817%** 10.28%*** 4.185%** 12.44%%** 5.147%%** 12.48%** 2.989%** 4,592 %%
1.8 8.256%** 13,573 Q.27 4% 12.49%%:* 6.27 1% 14.57#%:* 7.363 %% 14.72%%:* 3.964 %% 5.587%**
2 10.23%%*:* 15.57%%:* 11.24%:%:* 14.47%%+* 8.145% %% 16.49%:* 9.35] %% 16.75%%:* 4.846%%* 6.49%#:*
22 12.02%%:* 17.39%%:* 13.04 %% 16.28%*:* 9.84 8% 18.24 %% 11.16%** 18.59%::* 5.653 %% 7.3 %%
2.4 13.66%** 19.05%** 14.68%** 17.94 %% 11.4]1%%* 19.86%** 12.81%%* 20.27%%** 6.399%#* 8.089% 3k
2.6 15.18%** 20.6%** 16.2%%* 19.47%#%** 12.86%** 21.35%%** 14.34%%* 21.84%%* 7.094 %% 8.808#**
2.8 16.59%** 22.04%** 17.62%*%* 20.9%** 14 2% 22.775%%* 15.76%%* 23.2Q% %% 7.746%** 9.484%**
3 17.971 %% 2338k 18.94%#::% 22.24 %% 15.46%** 24.06%*:* 17.09%*:* 24.66%#* 8.361 *** 10.12%%:*
Education
1 1.520* 1.520* 0.837 0.837 2.165%* 2.165%* 1.467* 1.467* 1.511* 1.511*
1.2 4,722 %% 1.621* 2.257%* 3.992%#:* 5.281%%** 0.886 4. 77Hw* 1.705%* 0.257 2.775%**
1.4 7.439%** 4,328%%* 4,927%** 6.667*** 7.928%** 3.516%** 7.442% %% 4.438%** 0.653 3.857%#**
1.6 9.804%*** 6.679% %% 7.248%** 8.994 %% 10.23%** 5.801%** 9.829%** 6.812%*% 1.569 4.809%**
1.8 11.900%:** | 8. 760%** 9.304 % 11.06%*:* 12.28%#:%:% 7.822 %k 11.94%:* 8.91 2%k 2.382%%:% 5.663 %
2 13.790%%%* | 10.630%*** | 11.15%%* 12.971 %% 14.13%%** 9.638%#*:* 13.85%*:* 10.8%%*:* 3.115%%*:* 6.44%%+*
22 15.510%*% | 12.330%** | ]2 84%** 14.6%%** 15.82%:%:* 11.29%#:* 15.58%*:* 12.5] %% 3.785%%** 7.154 %%
2.4 17.090%** | 13.880%** | 14 39%** 16.14%%** 17.37%%* 12.8%%* 17.18%** 14.08%*** 4.403%%* 7.818%%*
2.6 18.560%*** | 15.320%** | 15.82%** 17.58%*%** 18.81%%** 14 2%%* 18.65%** 15.53%*:* 4,978%** 8.439%**
2.8 19.930%*** | 16.660%*** | 17.16%%* 18.9] **:* 20.16%#:* 15.5%%:* 20.03%%** 16.88%#::* 5.517%%** 9.023%*#*
3 21.210%%% | 17.910%** | ]8.4]%%* 20.15%*:* 21.43 %% 16.71%%** 21.32%%:% 18.15%:%:* 6.025%*:* 9.576%*:*
Access to credit and education
1 0.998 0.998 0.887 0.887 2.026%* 2.026%* 1.359* 1.359%* 1.936%* 1.936%*
1.2 1.587* 3.656%** 1.683%* 3.53%** 0.433 4.566%** 1.258 4.,049%** 0.87 3.016%**
1.4 3.835%** 5.913%%** 3.919%** 5.773%%* 2.573%** 6.726%%* 3.531%** 6.333%** -0.0269 3.945% %%
1.6 5.791 %% 7.879%:* 5.865%#:* 7.728% % 4.434%4% 8.6]1 %k 5.507%*:* 8.323#:#:% 0.626 4,764 %%
1.8 7.526% % 9.624%*:* 7.592 %% 9.463%*:* 6.084 % 10.28%#:* 7.26% % 10.09%::* 1.308 5.5%:%%
2 9.093%** 11.2%%:* 9.148%%#* 11.03%%*:* 757 11.79%%:* 8.838**:* 11.68%** 1.921%** 6.171%%*
2.2 10.52%%** 12.63%*3* 10.57%*** 12.45%%** 8.925% 3% 13.17%%** 10.28%*3* 13.14%%* 2.481%%* 6.79%**
2.4 11.83%%** 13.94%#** 11.88%** 13.76%** 10.17%%* 14.44%%** 11.6%%** 14.47%%* 2.996%** 7.365%**
2.6 13.05%** 15.16%%* 13.09%*%* 14.97%*** 11.33%%** 15.61%** 12.83%%* 15.71%%%* 3.474%%* 7.903%**
2.8 14.19%%:* 16.3%%*:* 14.23%:%:* 16.1%%*:* 12.42%:%:% 16.71%%*:* 13,973 16.86%:* 3,921 %% 8.41%#*
3 15.26%%*:* 17.37%%:* 15.29%::* 17.16%%** 13.44%%:* 17.73 %% 15.05%*:* 17.94 %% 4,343%%* 8.89%##:*
Note:

I': odds of differential assignment due to unobserved factors.

Q_mh+ : Mantel-Haenszel statistic (assumption: overestimation of treatment effect) .

Q_mh- : Mantel-Haenszel statistic (assumption: underestimation of treatment effect).

*#% % and * denote statistical signicance level at 1%, 5% and 10% signicance level, repectively.
VFR=Visting family and relatives, HC=Own Health Care, CHC=Child Health Care, LHP=Large Household

Purchase, CM=Choosing types of contraceptive method.
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Table B.18: Rosenbaum Bounds for BC-RM estimates continued.

(1) (12) (13) (14) (15) (16) a7 (18)
r All 4 decisions At least 3 At least 2 At least 1
O | O Q| OQun O | Oum O | O
Access to credit
1 2,84k 2,845k 3,13 3,13 3. 14k 3,145 3.33%% 3,33
1.2 0.56 6.30%#* 0.25 6.57#** -0.02 6.3 ##* 0.63 6.04 %+
1.4 3.48%*** Q.24 3.15%** 9.49%#* 2.63%#* 9.00%##* 1.58* 8.36%**
1.6 6.02%%% 11.80%#%* 5.67%** 12.03%#%** 4.95%%* 11.35%#* 3.56%** 10.387%#:#*
1.8 8.26%** 14.06%** 7.89% % 14.28%#%#%* 7.01%** 13.44 %% 5.31 %% 12.19%%:*
2 10.27%5%:* 16.10%#* 9.89#s#:* 16.3 1% 8.85% 15.33 %k 6.88%:#:* 13,8354
22 12.10%#* 17.96%#* 11,71 18.15%*:* 10.53 %% 17.05%#:* 8.32% % 15.33%%:*
2.4 13.77%%% 19.66%#* 13.37%#%* 19.84##* 12.07%#%* 18.63%##* 9.64 %% 16.71%#**
2.6 15.32%%: 21.24 %% 14.91 %% 21.4] %% 13.49%#% 20.10%#* 10.86%#* 18.00%**
2.8 16.75%%*%* 2271 %% 16.34 %% 22.87%%* 14.82%#%* 21474 12.01 %3k 19.22 %3k
3 18.10%s#:* 24,08k 17.67%:%* 24.23%sk% 16.07%%* 20 .75%k:% 13.08%#:#:* 20.36%:#*
Education
1 1.46* 1.46%* 1.18 1.18 1.19 1.19 0.47 0.47
1.2 4.64%%% 1.66%* 447 %% 1.99%* 4.23%%% 1.80%** 3.1 2.10%*
1.4 7.34%%% 4.34%5%% 7.16%+%* 4.73%%% 6.82% % 4.37%%* 5.35%%% 4.34%5%%
1.6 9.69%##* 6.68%#* 9.54 %% 7.10%%* 9.07%%** 6.61%%* 7.3 1% 6.29%**
1.8 11,7755 8.75%* 11.66%** Q.21 %% 11.07%%* 8.60%** 9.06%3#:* 8.02%%*
2 13.64%##* 10.61 %% 13.567%#* 11.09%:* 12.88%#:#:# 10.38%s#:* 10.63%#* 9.58#*
22 15.34 %54 12.30%#* 15.29%%:* 12.81%#%* 14.52%%:% 12.00%#* 12.07%#%* 11.00%**
2.4 16.90%#* 13.85%#* 16.88%*** 14.38%##* 16.04 %% 13.48%#% 13.40%%:* 12.3] %%
2.6 18.34 5% 15.29%#* 18.36%#* 15.84 %% 17.45%%% 14.86%#* 14.64 %% 13.52%#:*
2.8 19.69%** 16.63 %% 19.73%#* 17.19%%%* 18.76%:#:* 16. 145 15.8 1%k 14.65%:#*
3 20.95%#:* 17.88%#:#:* 21.02%%%* 18.45%#:* 20.00%#:* 17.34 %54 16.90%#* 15,725
Access to credit and education
1 -0.01 -0.01 1.45% 1.45% 1.98%* 1.98#* 2.50%** 2.50%**
1.2 2.67#%* 2.63%** 1.18 4.147%%% 0.43 4 47H%% 0.41 4.6] %%
1.4 4.94%%% 4.90%#* 3.45%%* 6.43%*%* 2.53%%% 6.58%##* 1.28* 6.41%%*
1.6 6.92%3#:* 6.8 5.43%%% 8.43% k% 4.35%s%% 8.43 %% 2.8 1%k .99k
1.8 8.67*** 8.63%** 7. 1974 10.20%*:* 5.97%:* 10.07%5#:* 4.18%5#% 9.4
2 10.25%#:* 10.227%%* 8.77#** 11.79%%:* 7.43%%% 11.55%:#:* 5.40%#* 10.67%#%%*
2.2 11.69%:* 11.67%** 10.21%#%** 13.25%** 8.76%** 12.90%#* 6.52%#% 11.83%#%*:*
2.4 13.01%#* 13.00%#* 11.53%:#%* 14.59%** 9.98 % 14.15%#%* 7.56%%* 12.907%#%*
2.6 14.23 %% 14.23 %% 12.76%** 15.83%##%* 11.12%%** 15.30%#* 8.52%** 13.90%**
2.8 15.37%s#:* 15.393s#:* 13.9] %% 16.99%::* 12.19%:#:* 16.37%:#:* Q.42 %343k 1484
3 16.44%#5#% 16.48%#* 14,98 18.07%*:* 13.19%s#:* 17.38%s#% 10.26%#* 15.7 1%
Note:

I': odds of differential assignment due to unobserved factors.

Q_mh+ : Mantel-Haenszel statistic (assumption: overestimation of treatment effect) .

Q_mh- : Mantel-Haenszel statistic (assumption: underestimation of treatment effect).

*H% % and * denote statistical signicance level at 1%, 5% and 10% signicance level, repectively.
VFR=Visting family and relatives, HC=Own Health Care, CHC=Child Health Care, LHP=Large
Household Purchase, CM=Choosing types of contraceptive method.
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Chapter 4: Hi-Tech Sexism? Evidence From Bangladesh

4.1 Introduction

The phenomenon of “missing women,” articulated by Sen (Sen, 1990, 1992)), refers to the
extreme form of gender discrimination that results from differential treatment of women
such as the differential provision of nutrition and health care. Klasen and Wink (2003
report that more than 100 million women worldwide were missing with 2.7 million missing
women in Bangladesh in 2001. Since the beginning of “missing women” debate, there has
been further development in gender discrimination using modern technology which Sen
(2001)) dubbed as high-tech sexism. The term refers to the use of modern technology, such
as ultrasounds, to detect the sex of the fetus and to terminate the pregnancy if it is a girl.
If parents resort to selective abortion, the sex ratio will be skewed towards boys, causing
an imbalance in the male-female sex ratio. Such gender imbalances at birth have been
reported in many Asian countries such as China, India, Korea and Taiwan. The sex ratio
at birth (SRB, male-to-female) in China was 1.16 in 2000 (Chen, Li and Meng, [2013).
Ebenstein (2010) show that prenatal sex selection along with infanticide accounts for 9.3
million girls in China’s 2000 census. A conservative estimate by |[Jha et al.|(2006) show that
sex selective abortion accounts for 10 million missing girls over two decades until 1997 that
they expect to go up in the future. South Korea had an SRB of 1.16 in 1990 but managed
to bring it down to 1.053 in 2014; Vietnam, however, is moving in the opposite direction
with an SRB of 1.14 in 2013 (den Boer and Hudson, 2017). Based on a post 2011-census
sample survey, Bangladesh Bureau of Statistics| (2015) reports that the SRB in Bangladesh
is 1.164 in 2011. Bangladesh Demographic and Health Survey 2011 (NIPORT et al., 2013)),
henceforth BDHS-2011, also reports similar estimates (1.156). However, BDHS-2011 also
reports SRB of 1.034, 0981 and 0.998 in 2008, 2009 and 2010, respectively. Bangladesh

Bureau of Statistics| (2012)) reports an overall sex ratio of 0.997 in 2011, but the reported
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high SRB in the BDHS 2011 survey may be due to small sample size. Nevertheless, there
are reports that suggest a large number of abortions in Bangladesh. However, if the reported
SRB is correct, that is a serious cause for concern and is likely to be the result of selective

abortions.

Collecting data on abortion, let alone selective abortion, is virtually impossible in a coun-
try like Bangladesh where induced abortion is a socially stigmatized. Except for saving
women’s lives, induced abortion is also illegal according to the existing laws in Bangladesh
(Hossain et al., 2016). The estimated number of induced abortions in 2010 was about 647
thousand, or 18 induced abortions for every 100 live births (Singh et al., 2012)). This num-
ber does seem alarming, as about 1 pregnancy is terminated for every 5 live births. BDHS-
2011 data show that about 21.47% of the interviewed women had at least one terminated
pregnancy (which include both induced abortion and miscarriage). The self reported data

from BDHS-2011 lend some support to the high number of abortions in Bangladesh.

There are studies that report differential treatments of women in Bangladesh in the form
of low food intake, health care, higher death rates, and poorer health status (Chen, Huq
and DSouza, [1981; Chowdhury and Bairagi, |1990; [Dancer et al., 2008)). However, I am
not aware of any article that particularly examines whether son preference causes selective
abortion in Bangladesh. If it does, then it would be possible to estimate the contribution of
selective abortion to missing women in Bangladesh. Using the birth history of women from
Bangladesh Demographic and Health Survey (BDHS), I examine whether son preference
causes selective abortion. I use a competing risk hazard model as it is useful in the presence
of censored observations. I do not find any evidence of selective abortion. Consequently,
selective abortion is not the source of “missing women” in Bangladesh. However, results
suggest that the son preference leads to shorter birth intervals if previous births are girls.
For example, if the first birth is a girl, the hazard of having another child each quarter is

about 15 percent higher for more educated urban women in recent years (1990-2011).
The rest of the paper is organized as follows. Section 4.2]elaborates the conceptual frame-
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work used in this paper followed by a description of the empirical strategy. Sections
4.5l4.6 and discuss the data and related issues, the variables used and the descriptive
statistics. Section 4.8] arranged in a number of subsections, presents the empirical results.

The paper concludes with a summary of the empirical findings.

4.2 Conceptual Framework

Parental preference for children of specific sex may have severe consequences with in-
creased gender inequality in social and economic life and even selective abortion. With the
advent of modern technology for fetal sex determination, selective abortion is found to be
responsible for a significant number of “missing women” in countries like China and In-
dia. Detecting the presence of selective abortion is a difficult task for at least two reasons.
Abortion data are not readily available, especially in the context of developing countries.
Besides, abortion data do not report the sex of the aborted fetus. Second, abortion is so-
cially stigmatized and illegal in Bangladesh (Hossain et al., 2016). Hence, self reported
abortion data will under-report the actual number of abortions and also the actual number

of selective abortions. However, women’s birth histories can help overcome that problem.

To illustrate the main idea consider a couple with a daughter. If they do not have any
preference for children of a specific sex, the following child (if they have any) will be a boy
with the probability of 0.512 and the interval between the first and the second birth will be
no different from the interval if the first birth were a boy, on average. If they prefer a son,
their behavior regarding the pregnancy with a girl fetus can be of two types. One possibility
is that if abortion is stigmatized, illegal, or if parents are not aware of the technology, the
birth of a girl will be followed by another birth with a shorter interval. For example, there
are reports showing that a husband insisted on having a fourth child despite the wife being
in poor health and unwilling to have another child (Gipson and Hindin, 2008, p. 1829). In

this case, parents would want a boy as soon as possible after the birth of a girl. Hence, the
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chances of having another birth each unit of time should be higher if the first birth is a girl
compared to having the first birth boy. So comparing the interval between two births by
the sex composition of the preceding births will reveal if there is son preference. A similar

argument applies to higher order births.

The second possibility is more complex. If parents prefer a son and are able to utilize
modern technology, the birth of a girl will be followed by a relatively long interval until the
next birth. Under these circumstances, it is possible to misinterpret longer birth interval if
the preceding birth is a girl. The longer birth interval after the birth of a girl may be the
outcome of abortions between births. In this case, if the birth of a girl is followed by an
abortion, then the abortion is more likely to be followed by the birth of a boy. That is, the
observed second births will show a higher share of boys than the natural proportion. Hence,
if the birth of a girl is followed by a longer interval, then the probability of next birth being
a boy is higher than the natural rate of 0.512. Portner (2015) uses this same idea to test the
presence of selective abortion in India. Though this illustration is for the second birth, a
similar argument can be applied to higher order births. That is, the birth of two girls will be
followed by longer intervals and the probability of the next birth being a boy will be higher

than the natural rate.

4.3 Empirical Strategy

As pointed out in Section .2} the presence of son preference may lead to selective abortion
or birth of a girl followed by a shorter interval before the next birth. To test the presence
of selective abortion, I use a competing risk hazard model with piece-wise (due to data
limitations) constant baseline hazard function. The destination specific hazard function

takes the following form (|Allison| (1982); Jenkins (1995); Portner (2015)) -

e(ajl +Xi/t Bj)
hije = - j=1,2 (4.11)
1+Y7 | el®itXib)
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where h;j, 18 the hazard rate that woman i experiences event j at instant . Xj, is the vector
of covariates for respondent i at instant ¢ and f3; is the vector of coefficients of event type j.
Event j represents the two exit states - having a boy (j = 1) and having a girl (j = 2). The
baseline hazard function is represented by o, for outcome j. There are various forms of
baseline hazard function such as log of time, polynomial in time or non-parametric form.
I use the last form in combination with the piece-wise constant specification. As |Allison
(1982) & Jenkins| (19935)) suggest, the above hazard model can be estimated using standard
multinomial logit model with reorganized data. Data are reorganized the following way. If
a woman has another birth in the second quarter after the birth of a child, then the woman
will have two observations for each quarter with the first being censored and the second

quarter receiving 1 or 2 depending on the type of the event.

In the absence of selective abortion, the estimated coefficients for event type 1 and event
type 2 should be equal. In this case, the event 1 and event 2 can be combined into a single
indicator that represents a birth irrespective of the sex (either a boy or a girl) and the above
model boils down to a logit model. This model can be estimated using the reorganized data
to test whether son preference influences the birth interval, or alternatively, whether there

is son preference in Bangladesh.

4.4 Data

In this paper, I use six rounds of the Bangladesh Demographic and Health Survey (BDHS)
data collected in 1993-94, 1996-97, 1999-2000, 2004, 2007 and 2011. These surveys col-
lect nationally representative samples under the authority of the National Institute for Pop-
ulation Research and Training (NIPORT) of the Ministry of Health and Family Welfare
of Bangladesh with financial assistance from the U.S. Agency for International Develop-
ment (USAID). The sample frame for the surveys is constituted of the enumerations areas

(EAs) of contemporary population census created by the Bangladesh Bureau of Statistics.
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In all the surveys, the samples are two-stage stratified samples of households. In the first
stage, primary sampling units (PSUs) were selected with probability proportional to their
size for both rural and urban areas. In the second stage, a systematic sample of about 25
to 37 households (in different survey years) are selected from each PSU. Six rounds of
the BDHS interviewed a total of 69,589 women. There are 5,049 respondents who are not
regular members of households and hence dropped. Ever married women aged between
10 to 49 years old were interviewed during surveys in 1993-94, 1996-97, 1999-2000 and
2004. Women aged between 15 and 49 years old were interviewed in 2007 and women
aged between 12 to 49 years were interviewed in 2011. To keep the observations from
different surveys within the same age group, I drop another 587 observations for women
less than 15 years of age. There are women in the data set who had their first birth recorded
at the age of 10 years or 11 years. I drop women who had their first birth before 12 years
of age. Women who had multiple births are also dropped from the sample, leaving a total
of 61,961 women for analysis.

The surveys were conducted using four main questionnaires: household, women’s, men’s
and community questionnaires. The data used in this paper come from the household and
women’s questionnaire. The household questionnaire collects information on household
members and characteristics such as age, sex, education, and relationship to the head of
the household; the source of water, type of toilet facilities, materials used to construct the
house, ownership of various consumer goods, etc. The women’s questionnaire collects
information about the respondent’s reproductive history, participation in household deci-
sion making, respondent’s age, education, religion, use of contraceptive methods, antena-
tal and delivery care, membership in income generating Non-Governmental Organizations
(NGOs), husband’s background, etc. The overall distribution of the sample by survey year

is presented in the following matrix.
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Survey year Sample size (no. of married
women aged 15-49 years)
1993-94 8,621
1996-97 8,153
1999-2000 9,091
2004 10,170
2007 9,865
2011 16,061
Total 61,961

4.5 Age Heaping and Recall Error

Even though the data contains women’s birth history, a cause of concern is recall error, in-
cluding non-random misreporting of birth histories. In developing countries, where parents
still depend on their sons in their old age and value sons more, girls have a higher mortality
risk. Greater losses are remembered longer than smaller ones. As a result, parents may just
forget a girl who died within a few days after birth. That is, parents may under report the
birth of girls. This will indicate longer birth interval probably followed by a son. Since
the first birth is likely to be farthest from the survey period, I compare the proportion of
boys born for parity 1 against the natural proportion of boys at birth (0.512) by the interval
between marriage and interview. Ultrasound technology was introduced in the 1980s and
initially was used for general health care purposes (Kabeer, Huq and Mahmud, 2014). So,
the sex ratio of the first birth is not likely to be affected by sex selective abortion earlier.
To check for potential recall error, I plot the sex ratio of the first birth against the duration
of marriage with 95% confidence interval in Figure [C.2] According to the figure, there
are only a few instances (years 9, 13 and 24) when the proportion of boys is significantly
different from the natural rate. Of these three instances, two favor boys and one favors girl.

So, I do not consider recall error to be a significant threat and hence do not truncate the
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sample based on the duration of the marriage.

Another issue that needs to be examined is age heaping. That is, if an individual does
not know her exact age which is not uncommon in Bangladesh, she may round her age
to numbers such as 20, 25, 30 and so on. Figure presents the age distribution of the
respondents. The distribution does indicate some spikes at those rounded numbers but these
spikes are small compared to the neighboring bars. Thus, I use the age of the women at the

time of the birth without any adjustment.

4.6 Variables

In survival analysis, the dependent variable is a combination of time to event and the event
status. In this paper, the dependent variable for the first spell is the combination of the
interval (in quarters) from 1st marriage to the first event where the event status takes on 0
if censored, 1 if the woman gives birth to a boy and 2 if the woman gives birth to a girl.
For the second spell, the dependent variable is the interval between the first and the second
event and the outcome of the second event which takes on O if censored, 1 if the woman
gives birth to a boy and 2 if a girl. A similar definition is used for the 3rd and the fourth

spells.

An observation is considered censored if an interval is not followed by either the birth of
a boy or the birth of a girl. In case of the first spell, there are some women who do not
have a child and the event status for them is O indicating the observation is censored. To
take infecundity into account, I also censor observations if the interval length is larger than
the 95th percentile of the birth intervals in respective birth spells. I use a cutoff value to
take infecundity into account as even in the presence of son preference, a couple with low
fertility would be happy to have any child at all. This censoring rule is applied to all other
spells discussed in this paper. Second spell, the interval between first and second birth,

starts after nine months of the first birth and ends at the time of the second birth or censor

131



time (if there is no second birth by the time of the interview). Third and fourth spells are
defined similarly. There are some women who report the birth of a child within 9 months

of the previous birth and are excluded.

The explanatory variables in this paper are classified into three groups - variables that spec-
ify the baseline hazard function, variables that affect the baseline hazard function as well as
the shape of the hazard function, and variables that affect the shape of the hazard function.
The baseline hazard function takes the form of a piece-wise constant specification. I use
dummy variables for quarters and when the event specific number of observations is small
at different spells, I merge them with the neighboring quarters. The variables that are as-
sumed to influence the baseline hazard function as well as the shape of the hazard function
are respondent’s education, place of residence (urban and rural) and the birth period of the
child. These variables are used as separate regressors as well as interacted with the dummy
variables for quarters to represent their influence on baseline hazard. These variables are
also interacted with the variables that are assumed to influence the shape of the hazard
function. The variables in the latter category include the sex composition of the births prior
to the parity of the interest (except for the first parity), respondent’s age at birth and age
squared of the relevant spell, husband’s education, religion (Muslim=1) and respondent’s
household’s wealth status. The variable “woman’s age at birth” for a specific spell is her
age at the time of that birth. If the observation is censored, age at birth represents the age
of the woman at the time when the observation is censored. Adding more variables and
their interactions to the model would require larger sample sizes to estimate the model with
greater efficiency. Mother’s and father’s education levels are expected to have a negative
effect on the number of children because of higher opportunity costs compared to their
less educated counterpart. Additionally, they have better knowledge of contraception and
ability to use contraceptives effectively. More educated couples are also likely to have
more information regarding modern technology, hence increasing the chances of adopting

selective abortion. The education level of the women is divided into two groups given the
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sample size consideration - low education and high education groups. Low education refers
to the women with 0 to 5 years of schooling, whereas high education refers to the women
with 6 or more years of school. Husband’s education level is divided into 4 groups - 0 to 5

years, 6 to 10 years, 11 to 12 years and 13 years and above.

Fertility decisions of parents with son preference are influenced by sex composition of the
previous births that may lead to selective abortion. For example, parents who want two
children with at least one son may resort to selective abortion if first birth is a girl. Except
for the first spell, I use sex composition of the previous births regardless the order of the
births. For the second spell, I use a dummy variable that takes on 1 if the first birth is a girl.
For the third spell, there are 3 combinations - first two girls, first two boys and one boy and
one girl. I use “first two girls” and “first two boys” leaving the other as the base category.
For the fourth spell, there are 4 combinations - all three girls, all three boys, one boy and
two girls, and two boys and one girl. I use all three girls, all three boys and one boy and

two girls leaving the other as the base category.

In Bangladesh, urban areas have better health care facilities than rural areas. Better health
care facilities will give women better access to sex detection and abortion. Hence urban

women are more likely to adopt selective abortion.

About 88% of the population in Bangladesh follows Islam as their religion. Since abortion
of a fetus is prohibited in Islam unless the life of the mother is in danger and there are
religious rewards for bringing up daughters or sisters as well, I include a dummy variable
for Muslim women. However, preference for girls is probably more of a cultural issue than

it is of religion.

Since both sex detection and abortion involve financial costs, a woman in a richer house-
hold is expected to have better access to this technology. I include wealth status of the
woman’s household. DHS reports wealth quintiles based on a wealth index. The wealth in-

dex is constructed from data on household ownership of durable goods such as televisions
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and bicycles, and dwelling characteristics such as construction materials of the house (NI-
PORT, Mitra & Associates and Macro International, 2009). Based on the wealth quintiles,
I construct a dummy variable representing the rich households that belong to the top two

quintiles.

Since there are a lot of interaction terms that makes interpretation of the coefficients com-
plex, I split the samples by education level of the women, residency status and birth period

of the child as shown in the following matrix.

Years of schooling

5 years or less 6 years or more

Period 1: 1958-1989 | Period 1: 1958-1989
Rural
Period 2: 1990-2011 | Period 2: 1990-2011

Period 1: 1958-1989 | Period 1: 1958-1989
Urban
Period 2: 1990-2011 | Period 2: 1990-2011

4.7 Descriptive Statistics

Tables 4.1 presents the means and standard errors of the variables for four spells by edu-
cation level of the respondent and children’s birth period. The two birth periods are 1958-
1989 and 1990-2011. I could not find any existing record of the first use of sex selection
technology in Bangladesh. Some studies report that the use of ultrasound technology for
fetal sex determination became available in the 1980s (Kabeer, Huq and Mahmud, 2014). 1
choose the year 1990 as the cut off year under the assumption that it would take a few years
before the knowledge became widespread. Each spell belongs to one of the two periods if

the birth took place or censoring occurred in that period.

As the results in Table show, proportions of boys born at different parity are always
larger than the proportion of girls born. However, at higher parities (2 and above) the

number of censored observations are higher and that has consequences in terms of how
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precisely the proportion of boys born are calculated. For example, for the higher education
group, who have at least three births, 74% of the observations are censored during 1990-
2011. That is, even though there are 4,033 observations at the beginning of the spell, there
are only about 1050 observations reporting any birth. These births are then spread over 20

quarters leaving fewer births each quarter and less precise estimates.

The descriptive statistics present a preliminary insight regarding selective abortion. The
computed the probabilities of a boy for different spells from the descriptive statistics show
that the rates hover around the natural rate of 0.512 except for high education group during
1958-1989 in the fourth spell. For example, for low education group in the first spell during
1958-1989, the proportion of boys at birth is 0.524 (= (3332) /(1 + (3333))) . For the same
group during 1990-2011, it is 0.517. However, for the fourth spell, the probabilities of a
boy for high education group during 1958-1989 is about 0.558. Even though this number
suggests that there might have been selective abortions, I believe this is probably not due
to selective abortion for three reasons. First, sex selection in Bangladesh only became
available in the mid 1980s and hence selective abortion is less likely. Second, there are
only 862 observations in total and some of these observations are censored which would
indicate less precise estimate. Finally, birth histories are collected on a recall basis, so that

there is always the possibility of recall error, although Figure [C.2] does not provide strong

evidence to support recall error.

As the descriptive statistics suggest, women’s age at birth is rising with education and over
time. Women’s average age at first birth during 1958-1989 is 16.75 years for low education
group and 17.93 for the high education group; during 1990-2011, averages ages for these
two groups are 17.53 and 18.83 years, respectively. Similarly, average ages of women for

2nd, 3rd and 4th spells are also higher in recent years and for the high education group.

Data show that the proportion of the rural low educated population is decreasing over time
while that of the more educated rural population is increasing. For the first spell, 85.5

percent of less educated women lived in rural areas during 1958-1989 while the share
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is 82.1 percent in 1990-2011. Among the more educated women, 58.1 percent lived in
rural areas during the first period, whereas 68.5 percent during the second period, about 10
percentage points increase. Data show the same pattern for the 2nd, 3rd and 4th spells. It
may seem puzzling that the proportion of more educated women in urban areas declined
over time. This could be because the number of educated women in the rural area grew
faster than that of the urban area due to various education program by the government
such as mandatory primary schooling law in 1990 and various stipend programs for girls
attending school. The increased share of educated women is likely to have a negative
impact on the fertility. To understand what happened to fertility rate in Bangladesh, I plot
the number of ever born children to women aged 35 years or above by their birth year in
Figure [C.3|which will give a somewhat good estimate of the complete birth history. As the
graph shows, the average number of children of women born before the mid 1950s is above

5, whereas it is about 3 for women born in 1970s which is a significant decrease.

4.8 Results

I estimate equation for four spells, and the results are presented in Tables[C.I|through
[C.8 I also present the results from logit model in Tables [C.9] through [C.12] However,
the interpretation of the coefficients presented in the Tables is not straightforward. So I
present the key results in graphs. The graphs show the estimated proportion of boys at
birth with 95% confidence interval and the probability of no birth yet for different spells
for a representative woman. The estimated proportion of boys at birth are compared with
the natural proportion of boys at birth which 0.512. A representative woman is someone
who has the median characteristics. For example, for the first spell, a representative less
educated (5 or less years of schooling) is 17 years old at the time of the first birth, her
husband’s education level is between O to 5 years, is a Muslim and belongs to a non-rich

household.
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4.8.1 First spell: Marriage to first birth

The results of the first birth are presented in Figures 4.1]and 4.2 and in Tables[C.T]and [C.2]
for low and high education groups, respectively. The figures include the probability of a
boy and the survival functions for rural and urban women by quarters for the two periods.
Figure [4.1] presents the graphs showing the probabilities of the birth of a boy and no birth
yet for rural and urban low education group for a representative woman. The representative
woman here is 17 years old at the time of the birth, is a Muslim, belongs to a non-rich
household and her husband has less than six years of education. Since most women (more
than 90%) in the sample have at least one child, the group specific sample sizes for the
first spell are large compared to higher order spells. Large sample size gives more precise
estimates of the predicted percent of boys. As shown in the figure, especially for the rural
woman, the predicted probabilities of a boy are nearly identical to the natural rate of 0.512.
None of the predicted probabilities are significantly different from the natural rate except
for the first two quarters for urban women during 1958-1989 when sex selection technology
was not widespread. One reason is fewer births and the other possibility is potential recall

€ITor.

The figures also include the survival functions, the probability of no birth (either boy or
girl) yet. When I compare the coefficients of multinomial logit model for outcome 1 and
outcome 2, it seems that the coefficients of most covariates for event 1 (boy) and event
2 (girl) are very close. I conduct a Wald test of the null hypothesis that the coefficients
across two equations except intercepts are equal. The test statistic fails to reject the null
hypothesis. That is, instead of three categories, I can work with two categories combining
outcome 1 and outcome 2 into a single category representing the birth of a child (boy
or girl). This is equivalent to running logit regression with binary outcome variables of
the reorganized data. From the logit model, I derive the survival function that gives the

probability of no birth yet at different quarters. As the survival functions show, about 80
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percent of the rural women in the first period (1958-1989) have their first birth within 18
quarters and in the second period (1990-2011) by 15 quarters. Similarly, about 80% of
less educated urban women have their first birth within 17 quarters in the first period and
within 15 quarters in the second period. Figure 4.2| presents the probabilities of a boy and
survival functions for the high education group which is more likely to adopt sex selection
technology and selective abortion. The representative woman for the high education group
is 18 years old at the time of the event, her husband’s education level is between 5 years
10 years, is a Muslim and belongs to a rich household (top 40% in the wealth distribution).
Interestingly enough, the findings are similar to what I find for low education group. That
is, the probabilities of a boy are close the natural rate which does not support selective
abortion in Bangladesh, at least in case of the first birth. Probably parents do not care too
much if the first birth is a boy or a girl as long as they have the chance to have another

child. Now I turn to the results for the second spell.

4.8.2 Second Spell: First to second birth interval

Figures.3|and 4.4 and Tables|C.3|presents the results for low education groups of rural and
urban areas. The representative woman of low education group is 20 years old at the time
of the event, her husband has less than 6 years of schooling, is a Muslim and belongs to a
non-rich household (bottom 60% of the wealth distribution). The probabilities of a boy are
presented by the sex of the first birth. The proportion of boys at birth in the second period
for a low educated rural woman is slightly lower than the natural rate but the difference
is not statistically significant irrespective of the sex of the first birth. As the results do
not support sex selective abortions for the second birth, one might be tempted to conclude
that probably in the rural area, there is no son preference or at least son preference is not
reflected on the sex of the child parents have. However, the survival curves, in this case,
do provide support for son preference. Table [C.3| shows that the coefficients for the two

outcomes (boy and girl) are close. I test if I can combine the birth of a boy and the birth
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of a girl into a single category of any birth (boy or girl). The test statistic suggests that the
coefficients are not different across categories. So, I draw the survival curves for the same
representative woman in the rural area and plot them for both periods by sex of the first
child. As the survival curves show, in both periods, the line representing the probability of
no birth yet if the first birth is a boy lies above the line representing the same if the first
birth is a girl. This means that chances of having a second birth if the first birth is a girl in
higher every quarter in both periods. The coefficient of the logit models in columns (1) and
(2) of Table [C.10] confirms that if the first birth is a girl, the hazard of having a boy each
quarter is 8 percent (= (¢%978% — 1) x 100) higher during 1958-1989 and about 5 percent
(= %041 1) x 100) higher during 1990-2011.

The findings are similar for the urban low education group. The probability of a boy is not
statistically significantly different from 0.512. The survival curves show a higher chance
of another birth in each quarter if the first birth is a girl. Columns (3) and (4) of Table[C.10|
shows that if the first birth is a girl, the hazard of having another child is 12 percent higher

each quarter in the first period, and 13 percent higher each quarter in the second period.

The results for the high education group are presented in Figures {.5| and [4.6] and Table
[C.4] for rural and urban women. The representative woman for high education group is
21 years old at the event time, is Muslim, belongs to rich household and her husband’s
education level is between 6 to 10 years. The number of observations is lower compared
to the first spell. This leads to relatively imprecise probabilities with high standard errors.
In some quarters, the proportion of boys at birth are very high and in some quarters very
low compared to the natural rate. However, the rates are still statistically insignificant in
both periods and for both rural and urban women. The survival curve for the “first birth
boy” lies above the survival curve for “first birth girl”. The difference between survival
curves for urban women during 1958-1989 is very small and the coefficient of “first birth
girl” in column (7) of Table [C.1I0] for this group is statistically insignificant. For all other

combinations, the difference between the survival curves is larger. The coefficient of “first
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birth girl” in columns (5) and (6) of Table |C.10|show that the odds of having another child
is 26 percent (= e*23 — 1) x 100) and 16 percent (= e*!3! —1) x 100) higher for the rural
woman in the first and second periods (1958-1989 and after 1990-2011) if the first birth is
a girl. For urban high education group this rate is 15 percent (= ¢*!#! —1) x 100) higher

during 1990-2011 (column (8)).

4.8.3 Third Spell: Second to third birth interval

The results for the third spell for low education groups are presented in Figures and
and Table and for high education group in Figures and and Table
As the sample sizes are smaller, the estimates get less precise leading to wider confidence
intervals. The representative woman of low education group is aged 22 years at the time of
the event, is a Muslim, her husband’s education level is less than 6 years and she belongs
to non-rich household. For rural low education group during 1958-1989, if first 2 births are
girls, the probabilities of a boy for quarters 10 to 13 are statistically significantly lower than
the natural birth rate of 0.512 while the rates for other quarters are statistically insignificant.
If the first 2 births are girls for this same group during 1990-2011, the proportion of boys
at birth (0.568) for quarter 1 and 2 are statistically significantly higher than the natural rate.
However, these results seem sporadic incidences rather than consistent evidence of selective
abortion. For the same group during 1958-1989 or during 1990-2011, if the first 2 births are
boys or one boy one girl, the probabilities of a boy are not statistically significantly different
from the natural rate. The test of combining the birth of a boy and birth of a girl into a
single indicator of the birth of a child suggests that the coefficients are not different across
these two groups. I combine them and derive the survival function using logit model. The
survival curves by the composition of previous births during 1958-1989 are very similar.
That is, how soon a woman has another child does not vary much by the sex composition
of the previous births. The coefficients of sex composition dummy variables in column (1)

of Table [C.11] from the logit model also confirm this result. However, for the period of
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1990-2011, if the first two births are girls, the survival curve lies far below the curves for
other two sex composition. The coefficient of “first two births girls” in column (2) of the
Table[C.11|suggests that if the first two births are girls, the odds of having another child are
35 percent higher each quarter compared to having one boy and one girl, and 32 percent

higher compared to having first two births boys.

Figure |4.8| presents the probabilities of the birth of a boy and no birth yet for low educated
urban women. The probabilities of a boy are not statistically significantly different from the
natural rate of 0.512 irrespective of the sex composition of the previous births. The survival
curves, however, show again that the chances of the third birth are high each quarter if first
two births are girls compared to first two births are boys. Logit results suggest that the
odds of having another birth each quarter if the first two births are girls are not significantly
higher compared to having one boy and one girl but it is higher if first 2 births are boys
by 22 percent each quarter during 1958-1989. During 1990-2011, if the first two births are
girls, the odds of having another child is about 45 percent higher each quarter compared to
having one boy and one girl and 48 percent higher each quarter compared to having first

two boys.

Figures 4.9 and [4.10] and Table [C.6] presents the results for high education group. The
representative woman is a 25 years old Muslim who belongs to a rich household and her
husband’s education level is between 6 and 10 years. The confidence intervals are very
high as the sample sizes are small and there are fewer births. The probabilities fluctuate
a lot but not statistically significantly different from the natural birth rates irrespective of
the sex composition of the previous births. However, if the first two births are girls, the
survival curves for both rural and urban women lie below the survival curves if first “two
births are boys” or “one boy and one girl” in all cases except during 1958-1989 for the rural
woman. For a rural woman, the survival curves by sex composition of previous births are
very close to one another which is confirmed by the statistically insignificant coefficients

of “first two births girls” and “first two births boys.” For rural woman during 1990-2011,
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if first two births are girls, the odds of having another child is 49 percent higher each
quarter compared to having “one boy and one girl” as first two births and 55 percent higher

compared to having “first two births boys.”

For more educated urban woman during 1958-1989, if the “first two births are girls”, the
odds of having another child is 30 percent higher each quarter compared to having “one
boy and one girl” and 60 percent higher each quarter compared to having “first two boys.”
For the second period, the hazard rates are 60 percent and 86 percent higher each quarter,

respectively.

4.8.4 Fourth Spell: Third to fourth birth interval

As Figure suggests, there has been a steady decline in the average number of children
in Bangladesh. There is a significantly fewer 4th birth in the sample. So the probabilities of

a boy presented in Figures 4. 11] 4.12] [4.13|and[4.14] are less precise and estimates fluctuate

alot.

The probabilities of a boy for rural women during 1958-1989 are not significantly different
from the natural rate irrespective of the sex composition of the first three births. During
1990-2011, however, if first three are girls, the proportion of boys at birth is statistically
significantly lower for quarter 11 to 13. If first three are boys, the probabilities of a boy are
significantly lower than the natural rate for quarter 4 to 13. This result can be interpreted
as the parental preference for mixed composition. However, when I combine the findings
from “first 3 girls” scenario and “first three boys” scenario, the interpretations that come to

mind are recall error and fewer observations to calculate the rate precisely.

4.9 Conclusion

Despite a large number of reported abortions in Bangladesh, the results discussed above

suggest that there is no selective abortion. However, data suggest that son preference leads
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to shorter birth intervals if previous births are girls. If the first birth is a girl the hazard of
having another child each quarter is about 5 percent higher for less educated rural women,
13 percent higher for low educated urban women and 15 percent higher for more educated
urban women in recent years (19990-2011). If the first two births are girls, the hazard
of having another child each quarter for low educated rural women is 35 percent higher
compared to having one boy and one girl, and 32 percent higher compared to having two
boys during 1990-2011. In the same period for more educated rural women, if the first
two births are girls, the hazard is 49 percent higher each quarter compared to having “one
boy and one girl” as first two births and 55 percent higher compared to having “first two
births boys.” For low educated urban women in the same period, if the first two births are
girls, the odds of having another child is about 45 percent higher each quarter compared to
having one boy and one girl and 48 percent higher each quarter compared to having first
two boys. For a more educated urban woman, the hazards are 60 percent and 86 percent

higher each quarter, respectively.
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Figure 4.1: The probability of a boy and the probability of no birth yet for the first spell for

low education group.
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Note:

The less educated (5 or less years of schooling) representative woman is 17
years old at the time of the event, is a Muslim, belongs to a non-rich
household and her husband has less than six years of education.
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Figure 4.2: The probability of a boy and the probability of no birth yet for the first spell.
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Note:

The more educated (more than 5 years of schooling) representative woman is
18 years old at the time of the event, is a Muslim, belongs to a non-rich
household and her husband has education greater than 6 but less than 11 years
of education.
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Figure 4.3: Less educated rural sample: The probability of a boy and the probability of no
birth yet for the second spell.
First child girl
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Note:
The less educated representative woman is 20 years old at the time of the
event, her husband has less than 6 years of schooling, is a Muslim and belongs

to a non-rich household.
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Figure 4.4: Less educated urban sample: The probability of a boy and the probability of no

birth yet for the second spell.
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Note:

The less educated representative woman is 20 years old at the time of the
event, her husband has less than 6 years of schooling, is a Muslim and belongs

to a non-rich household.
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Figure 4.5: Educated rural sample: The probability of a boy and the probability of no birth
yet for the second spell.
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(b)

The more educated representative woman is 21 years old at the event time, is

Muslim, belongs to a rich household and her husband’s education level is

between 6 to 10 years.
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Figure 4.6: Educated urban sample: The probability of a boy and the probability of no birth
yet for the second spell.
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Note:

The more educated representative woman is 21 years old at the event time, is

Muslim, belongs to rich a household and her husband’s education level is

between 6 to 10 years.
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Figure 4.7: Less educated rural sample: The probability of a boy and the probability of no

birth yet for the third spell.
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(d)

The less educated representative woman is 22 years old at the time of the
event, is a Muslim, her husband’s education level is less 6 years and she

belongs to a non-rich household.
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Figure 4.8: Less educated urban sample: The probability of a boy and the probability of no

birth yet for the third spell.
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The less educated representative woman is 22 years old at the time of the
event, is a Muslim, her husband’s education level is less 6 years and she

belongs to a non-rich household.
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Figure 4.9: Educated rural sample: The probability of a boy and the probability of no birth

yet for the third spell.
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Note:

(a)

(b)

The more educated representative woman is 25 years old at the time of the
event, is a Muslim, her husband’s education level is between 6 and 10 years,

and she belongs

to a rich household.
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Figure 4.10: Educated urban sample: The probability of a boy and the probability of no

birth yet for the third spell.
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The more educated representative woman is 25 years old at the time of the
event, is a Muslim, her husband’s education level is between 6 and 10 years,

and she belongs

to a rich household.
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Figure 4.11: Less educated rural sample: The probability of a boy and the probability of

no birth yet for the fourth spell.
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Note:
The less educated representative is 25 years old at the time of the event, is a
Muslim, her husband’s education level is less than 6 years, and she belongs to

a non-rich household.
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Figure 4.12: Less educated urban sample: The probability of a boy and the probability of

no birth yet for the fourth spell.
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Note:

The less educated representative is 25 years old at the time of the event, is a
Muslim, her husband’s education level is less than 6 years, and she belongs to

a non-rich household.
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Figure 4.13: Educated rural sample: The probability of a boy and the probability of no
birth yet for the fourth spell.
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Note:

The more educated representative is 27 years old at the time of the event, is a

Muslim, her husband’s education level is between than 6 to 10 years, and she

belongs to a rich household.
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Figure 4.14: Educated urban sample: The probability of a boy and the probability of no
birth yet for the fourth spell.
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Note:
The more educated representative is 27 years old at the time of the event, is a
Muslim, her husband’s education level is between than 6 to 10 years, and she

belongs to a rich household.
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Appendix C

Figure C.1: Distribution of women’s age at the time of the interview.
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Figure C.2: The proportion of boys at first birth by the duration of marriage.
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Figure C.3: The average number of children by women’s birth year.
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