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Jona Schellekens!

Abstract

BACKGROUND

Better maternal education has been credited with making a major contribution to infant
mortality decline. Most of the evidence is based on cross-sectional analyses, which show
a strong correlation between maternal education and infant mortality. However, cross-
sectional analyses do not provide an estimate of the contribution of maternal education
to infant mortality decline.

OBJECTIVE
The major objective is to obtain a more accurate estimate of the contribution of maternal
education to infant mortality decline.

METHODS

Pooling data from all available phases of the Demographic and Health Survey, this article
presents a longitudinal, individual-level analysis of the determinants of trends in infant
mortality in Indonesia.

RESULTS
Better maternal education explains 15% of the infant mortality decline in Indonesia from
1980 to 2015.

CONTRIBUTION
The article presents the results of the largest individual-level study of its kind in terms of
length of the period covered and number of infants involved.
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1. Introduction

Infant mortality has declined dramatically in less developed countries. There are three
major explanations for the decline: improved living standards, advances in medical care
and public health, and better maternal education (Cutler, Deaton, and Lleras-Muney
2006; Pampel and Pillai 1986). Thomas McKeown (1976) has been the most outspoken
advocate of improved living standards as the motivating factor in mortality declines. But
others think that advances in medical care and public health made more important
contributions to mortality decline, especially in less developed countries. The argument
for the role of advances in medical care and public health in reducing mortality has been
made most prominently by Samuel Preston (1975). Jack Caldwell (1979) was the first to
stress the importance of better maternal education as a means to lower infant and early
childhood mortality (Desai and Alva 1998; Hobcraft 1993). He argued that maternal
education is not merely a reflection of the standard of living and that it should be
considered as a third explanation in addition to rising living standards and advances in
medical care and public health.

Caldwell’s hypothesis has received support from many studies, the results of which
have been widely publicized (e.g., Fischetti 2011; Lutz and KC 2011). Part of the
evidence for crediting maternal education with making a major contribution to infant
mortality decline is based on cross-sectional studies (e.g., Fuchs, Pamuk, and Lutz 2010;
Pamuk, Fuchs, and Lutz 2011). However, cross-sectional studies and longitudinal
approaches often reach different conclusions regarding the association between key
explanatory variables and outcomes (Phillips 2006).

Longitudinal models of change often use macro-level data. Pooling time series from
175 countries, Gakidou et al. (2010) concluded that about half of the decline in infant and
early childhood mortality between 1970 and 2009 can be attributed to increased
educational attainment among women of reproductive age. Correlations that are based on
aggregate data, however, may be higher than correlations based on individual-level data
(e.g., Ostroff 1993).

Indonesia is especially interesting to study. It is the fourth most populous country in
the world. Of the ten most populous countries, the greatest increase in education among
women aged 25-34 years between 1970 and 2009 occurred in Russia, followed by
Indonesia (Gakidou et al. 2010). Using data from all available phases of the Demographic
and Health Survey (DHS), this article presents an individual-level analysis of trends in
infant mortality in Indonesia covering 36 years between 1980 and 2015. Thus the study
models trends in infant mortality for a more extended period of time than previous
individual-level studies of infant mortality decline in less developed countries (e.g.,
DaVanzo 1988; Hale et al. 2009). The results show that better maternal education
explains 15% of the infant mortality decline in Indonesia from 1980 to 2015.
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2. Maternal education and infant mortality

In the theoretical framework proposed by Mosley and Chen (1984), all social and
economic variables operate through five categories of intermediate variables to affect
infant mortality. The categories are personal illness control, maternal factors,
environmental contamination, nutrient deficiency, and injury.

This article provides an estimate of the net (“cognitive”) effect of maternal education
on infant mortality through personal illness control. It is thought that better-educated
mothers seek medical care more actively; are more aware of sanitary precautions,
nutritional information, and health services; and are better able to recognize serious child
health conditions (e.g., Hobcraft 1993; Soares 2007: 276). Streatfield, Singarimbun, and
Diamond (1990) have shown that maternal education in Indonesia is positively related to
knowledge of immunization. Educated mothers may also more actively seek prenatal
care. Titaley, Dibley, and Roberts (2009) reported that in Indonesia better-educated
mothers were more likely to receive postnatal care services.

Maternal factors, such as age, parity, and birth interval, may mediate the effect of
maternal education on infant mortality (Mosley and Chen 1984). For example, educated
mothers tend to marry later and have fewer pregnancies. Thus, following previous
studies, this study controls for maternal factors (e.g., Bhargava 2003; Hale et al. 2009;
Murphy and Wang 2001).

Nutrient deficiency is more likely to be a function of financial resources of the
household than of the education of the mother (Mensch et al. 2019). Environmental
contamination, which refers to the transmission of infectious agents to infants, also is a
function of household resources (Mosley and Chen 1984). Since better-educated mothers
tend to live in wealthier households, it is important to control for household wealth (Ware
1984).

3. Data

Data were drawn from the standard Indonesian DHS of 1987, 1991, 1994, 1997, 2002—
2003, 2007, 2012, and 2017. Each survey contributed children born in the period starting
the year before the previous survey (or in 1980 in the case of the first DHS) and ending
two years before the survey. There may be recall lapse of dead infants (e.g., Baird,
Friedman, and Schady 2011). Recall lapse is a function of time, getting worse the farther
we reach back in time from the year of the survey. To limit the effect of recall lapse, the
study starts in 1980. The individual-level data for infants collected from each survey were
pooled to create a data set that constitutes a random sample of infants born in every single
year between 1980 and 2015. Table 1 presents summary statistics for each survey.
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Table 1: Summary statistics by survey
Survey Period Years Infant deaths Births
1987 1980-1985 6 614 9,024
1991 1986-1989 4 698 10,965
1994 1990-1992 3 551 9,947
1997 1993-1995 3 436 9,379
2002-2003 1996-2000 5 610 14,664
2007 2001-2005 5 712 16,612
2012 2006-2010 5 561 15,813
2017 2011-2015 5 473 15,486

4. Variables

The dependent variable is the probability of an infant death — i.e., a child dying in the
first year of its life. Because the surveys do not report the exact year of death, | used the
cohort infant mortality rate (IMR) as a summary measure of infant mortality. The cohort
IMR provides an estimate for the probability of dying in the first year of life (1qo) in a
cohort life table. When the number of births does not fluctuate much from year to year,
the cohort IMR will be close to the period IMR (e.g., Guralnick and Winter 1965).

To facilitate the inclusion of paternal education, the study was limited to women
who were in their first marriage at the time of the survey. Figure 1 compares weighted
estimates, based on the DHS, of the cohort IMR by single year of birth among women in
their first marriage (solid line) to the IMR among all women (dashed line). The
comparison shows that restricting the analysis to women in their first marriage leads to
only slightly lower estimates in the 1980s. The civil registration system in Indonesia is
imperfect, making it difficult to evaluate the accuracy of estimates based on the DHS.
However, estimates derived from other surveys are very similar. Thus the estimate of
IMR for the period 1982-1987 based on the DHS (70 per 1,000 births) is very close to
the IMR of 71 calculated indirectly from the 1985 intercensal population survey (Central
Bureau of Statistics 1989: 70).
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Figure1:  Weighted estimates of cohort infant mortality rate by single year of
birth among all women (dashed line) and among women who were in
their first marriage at the time of the survey (solid line), Indonesia
1980-2015
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The following individual-level covariates were used to model infant mortality:
maternal and paternal education, gender, maternal age, parity, length of the birth interval,
and urban residence.

Unfortunately, there is no retrospective information in the surveys with which to
estimate household income around the time of birth of infants who were born in years
preceding the surveys. Following Ben-Porath (1973), | have used paternal education as a
proxy for lifetime household income. It is important to recognize that paternal education
may be capturing more than just household income. For example, like maternal
education, it may have a cognitive effect on infant mortality.

The coding for maternal and paternal education is composed of four blocks: no
schooling, attended primary school (one to six years of schooling), attended junior high
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school (seven to nine years of schooling), attended senior high school/postsecondary
education (ten years or more of schooling), with one to six years being the reference
category. Figure 2 presents weighted estimates of the percentage of births by category of
maternal education based on the DHS.

Figure2:  Weighted estimates of the percentage of births in each category of
maternal education by single year of birth among women who were
in their first marriage at the time of the survey, Indonesia 1980-2015
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In countries where there is evidence of son preference, such as Indonesia, mortality
among girls may be higher (Guilmoto 2015). It is important to control for gender, because
in such countries mothers are more likely to seek medical care for sons (Hossain and
Glass 1988).
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To control for maternal age, | coded births for the age of the mother at birth. The
coding for maternal age is composed of six blocks: 15-19, 20-24, 25-29, 30-34, 35-39,
and 40-49, the latter being the reference category.

Fertility decline may affect infant mortality by reducing the proportion of births at
higher parities (Bongaarts 1987; Morris, Udry, and Chase 1975). Thus it is important to
control for the number of surviving siblings, or net parity. Survival chances of an infant
and those of its older siblings, however, are determined by a similar set of factors. As a
result, the error term in the statistical model is likely to be correlated with the number of
surviving siblings, which may lead to inconsistent estimates of the coefficients (e.g.,
Bhargava 2003). Following Suwal (2001), I used the number of older siblings ever born,
or crude parity, instead of the number of surviving siblings, or net parity. Short spacing
has repeatedly been shown to increase mortality (e.g., Murphy and Wang 2001). Hence |
have added a variable to the analysis indicating whether a child was born less than 18
months after the previous birth.

Rural infants face higher mortality rates than their urban counterparts (e.g., van de
Poel, O’Donnell, and van Doorslaer 2009). Therefore | have included a variable
indicating urban residence at the time of the survey to control for shifts in the rural-urban
distribution. The coefficient of urban residence may be biased, however, because |
assume that women in urban areas have lived there since their marriage or the previous
survey (or 1980 in the case of the first DHS), whichever came last.

Infants nested within a community are often exposed to a common set of
community-derived influences. For example, they may share access to a similar level of
health care (Frankenberg 1995). To control for unobserved community effects, such as
access to health care, | added a community (or primary sampling unit) random effect to
the statistical models (e.g., Griffiths, Brown, and Smith 2004).

5. Statistical methods

The dependent variable is the probability of an infant death. | used ordinary least squares
(OLS) instead of logistic regression models to facilitate the comparison of coefficients
across models (e.g., Mood 2010). Hellevik (2009) has made a case for using OLS
regression when the dependent variable is a dichotomy. A logistic model should be used
if it fits the data much better than a linear model. However, often the linear model fits
just as well as the logistic model, especially when probabilities are not close to zero or
one.

To estimate the total effect of better maternal education on infant mortality decline,
I first regressed the probability of an infant death on birth year dummy variables. Next |
controlled for maternal education to test whether the relationship between year of birth
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and infant mortality is mediated by maternal education. A noticeable reduction in the size
of the coefficients of the birth year dummy variables would suggest mediation
(VanderWeele 2016; for examples, see Hill and Needham 2006; Schellekens and Ziv
2020).

A simple way to show the net effect of change in an independent variable on the
dependent variable in a multiple linear regression model is to simulate what trends in the
dependent variable would have been if an independent variable were to remain constant
(e.g., Gakidou et al. 2010). Therefore | computed counterfactual-predicted series of IMR
that factor out change in maternal education from the predicted series of IMR using the
coefficients in the full regression model. For each birth year t, the level of IMR was
simulated by computing for each infant the predicted probability that it would die within
a year. These probabilities were summarized to obtain the predicted number of deaths
among infants born in year t. To obtain the predicted series of IMR, the number of infant
deaths was divided by the observed number of births in year t.

The analysis is based on 101,890 infants born to 57,037 women. The regression
model assumes that the observations are independent, but since observations from the
same woman tend to be correlated, this is not a reasonable assumption. In such cases,
there is a need to correct standard errors for clustering in women (Singer and Willett
2003: 384). All models also include a community random effect, which contains the
effects of factors not specifically included in the models that are common to infants in
the same community (Bolstad and Manda 2001). | used Ime4, a mixed-effects regression
package in R (R Core Team 2014).

The DHS uses a complex sampling design. Where sampling weights are solely a
function of independent variables included in the model, unweighted estimates of the
coefficients are preferred because they are unbiased, are consistent, and have smaller
standard errors than weighted estimates (Winship and Radbill 1994). However, | have
used sampling weights to estimate IMR (see Figures 1-3).

6. Results

Infant mortality and the percentage of mothers without any formal education have both
declined. If better maternal education explains the decline in IMR, then younger cohorts
of better-educated mothers with low infant mortality should gradually replace older
cohorts of less educated mothers with high infant mortality. Figure 3 presents weighted
estimates of the cohort IMR by single year of birth for each category of maternal
education. It shows evidence for cohort replacement. For example, there was only a
moderate decline in IMR over time among mothers who had reached senior high school.
However, Figure 3 also shows that there was a large decline in IMR among mothers
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without any formal education, suggesting that there were additional causes of the infant
mortality decline.?

Figure 3:  Weighted estimates of cohort infant mortality rate by single year of
birth for each category of maternal education among women who
were in their first marriage at the time of the survey, Indonesia 1980-
2015
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2 After 1995, the percentage of mothers without any formal education is so small that the series of IMR for this
educational group becomes very erratic. Hence, in Figure 3, this series ends in 1995.
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Table 2 presents descriptive statistics of the covariates used in the regression
analysis. The denominator is the total number of infants born in 1980-2015. Table 2 also
presents estimates of the cohort IMR for each category of the categorical variables. IMR
is highest among women without any formal education and lowest among those who
attended senior high school/postsecondary education.

Table 2: Descriptive statistics of covariates in the regression analysis and the
cohort infant mortality rate (IMR) in each category of the categorical
variables

Variables Mean IMR
Gender

Male 0.515 51.3
Female 0.485 39.8
Maternal age

15-19 0.100 69.5
20-24 0.285 45.6
25-29 0.283 39.3
30-34 0.199 40.0
35-39 0.101 45.1
40-49 0.032 65.9
Maternal education

No education 0.084 79.1
Primary 0.436 56.7
Junior 0.180 35.6
Senior and postsecondary 0.301 26.4
Paternal education

No education 0.054 73.7
Primary 0.410 57.7
Junior 0.175 435
Senior and postsecondary 0.361 28.9
Crude parity 2.685 -
Birth interval

< 18 months 0.242 55.6
= 18 months 0.758 425
Residence

Rural 0.618 53.6
Urban 0.382 32.9

Table 3 presents three mixed-effects OLS regression models of the probability of an
infant death. In the first model, the probability of an infant death is a function of age and
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year of birth (age-period model). The second model adds a cohort variable: maternal
education. The third model includes all the independent variables (full model).

Table 3: Mixed-effects OLS regression of infant mortality in Indonesia, 1980—

2015
Model 1 Model 2 Model 3

Variables b S.E. b S.E. b S.E.
Maternal age
15-19 —0.0015 0.0042 0.0031 0.0042 0.0183 0.0049
20-24 —0.0232 0.0038 —0.0163 0.0039 —0.0027 0.0044
25-29 —-0.0276 0.0038 —-0.0205 0.0038 —-0.0102 0.0042
30-34 _0.0252 0.0039 -0.0197 0.0039 —-0.0128 0.0041
35-39 _0.0195 0.0042 -0.0162 0.0042 —-0.0130 0.0042
40-49 0.0000 0.0000 - 0.0000
Maternal education
No education 0.0179 0.0026 0.0129 0.0028
Primary 0.0000 - 0.0000 -
Junior -0.0162 0.0019 —-0.0109 0.0020
Senior and higher -0.0216 0.0017 —0.0096 0.0021
Gender
Male 0.0000 -
Female -0.0112 0.0013
Crude parity 0.0041 0.0005
Short birth interval 0.0211 0.0020
Urban residence —-0.0077 0.0016
Paternal education
No education 0.0027 0.0033
Primary 0.0000 -
Junior —0.0031 0.0020
Senior and higher —0.0087 0.0020
Constant 0.0945 0.0065 0.0893 0.0066 0.0724 0.0074

Figure 4 presents the coefficients of 35 birth year dummy variables in the first and
second model. To test whether the relationship between birth year and infant mortality is
mediated by maternal education, the second model adds maternal education. Maternal
education attenuates the coefficients of the birth year dummies. The first model shows
that the probability of an infant death declined by 0.048 between 1980 and 2015 (solid
line). After controlling for maternal education, the probability of an infant death declines
by only 0.033 (dashed line). Thus better maternal education explains 30% of the infant
mortality decline.
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Figure 4: Regression coefficients of the birth year dummy variables in age-
period models with and without maternal education, Indonesia
1980-2015
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Fertility may mediate the effect of maternal education on infant mortality, whereas
paternal education and urban residence may confound the relationship between maternal
education and infant mortality. Moreover, gender may moderate the relationship.
Therefore the third model adds these variables to estimate the net effect of maternal
education. In the full model, girls have lower mortality than boys. Thus there is no
evidence of son preference in infancy in Indonesia. In particular, there is no evidence that
mothers are more likely to seek medical care for sons, at least not in infancy. There is a
positive correlation between parity and infant mortality. Infant mortality is higher after a
short birth interval and is lower in urban areas. There is a negative correlation between
paternal education and infant mortality. A comparison of the full model with the second
model shows that a short birth interval, parity, urban residence, and paternal education
attenuate the effect of maternal education.
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Figure 5 compares trends in cohort IMR as predicted by the third model (solid line)
with a counterfactual-predicted series that assumes that the educational distribution of
mothers remained constant at the initial level of 1980 (dotted line). The figure shows that
better maternal education explains 15% of the decline in infant mortality.

Figure 5: Predicted and counterfactual-predicted cohort infant mortality rate
(IMR) by single year of birth among women who were in their first
marriage at the time of the survey, assuming constant maternal
educational distribution, Indonesia 1980-2015
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The analysis omits 11,614 infants born to women who were not in their first
marriage. To see if the results for all married women differ, | replicated the analysis for
the entire sample of married women, including those not in their first marriage. In the
entire sample of married women, the total effect of maternal education increases from
30% to 32%. However, the net effect of maternal education in the entire sample of
married women is 15%.

7. Conclusion and discussion

This study pools all available phases of the Indonesian DHS to analyze the contribution
of maternal education to infant mortality decline over 36 years and finds that better
maternal education explains 30% of the infant mortality decline from 1980 to 2015.
However, the relationship is considerably attenuated after controlling for paternal
education, fertility variables, and urban residence, with the net effect of maternal
education being only 15%.

To the best of my knowledge, this is the largest study of its kind in terms of length
of the period covered and number of infants involved. My estimate for the contribution
of maternal education is much lower than the estimate of Gakidou et al. (2010) for the
contribution of maternal education to the decline in infant mortality and early childhood
mortality from 1970 to 2009, which is based on aggregate data.

There are very few individual-level studies for comparison. Moreover, these cover
a much shorter period. DaVanzo (1988) estimated that increased maternal education
accounted for 27% to 30% of the infant mortality decline in peninsular Malaysia between
1946-1960 and 1961-1975. A more recent study by Hale et al. (2009) estimated that
increased maternal education accounted for approximately 25% of the infant mortality
decline during the first week of life and for about 10% after the first week in Bangladesh
between 1987-1994 and 1995-2002.

An important limitation of the current study is that all analyses were correlational. |
estimate that better maternal education explains 15% of the infant mortality decline.
However, my results do not show the direction of causality. Andriano and Monden (2019)
have shown that net of living standards, maternal education has a causal effect on infant
mortality in Malawi and Uganda. Thus, to the extent that their results have any external
validity, better maternal education is likely to have contributed to infant mortality decline
in Indonesia.
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