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Abstract

In the 1990s, the Indonesian government placed over 50,000 midwives in communities
throughout the country. We examine how this expansion in health services affected children’s
height- for-age. To address the problem that midwives were not randomly allocated to
communities, the estimation exploits the biology of childhood growth, the timing of the
introduction of midwives to communities, and rich longitudinal data. The evidence indicates that
the nutritional status of children fully exposed to a midwife during early childhood is
significantly better than that of their peers of the same age and cohort in communities without a
midwife. These children are also better off than children measured at the same age from the
same communities, but who were born before the midwife arrived. Within communities, the
improvement in nutritional status across cohorts is greater where midwives were introduced than
where they were not. This result is robust to the inclusion of community fixed-effects.
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INTRODUCTION

Poor nutrition in early childhood is associated with elevated mortality risk, poorer cognitive
development, greater functional impairments in adulthood as well as lower earnings (Martorell
and Arroyave 1988; Strauss and Thomas 1995). Relative to developed countries, children in less
developed countries typically exhibit considerable cumulative deficits in linear growth early in
life. The most immediate cause of growth faltering may be delayed onset of the childhood
phase of growth which begins around weaning and is likely related to the nutritional content of
complementary feeding as well as exposure to infectious diseases (Martorell and Habicht 1986;
Karlberg at €. 1994; Liu et al. 1998).

One way to improve nutritional status is through public health interventions that increase
children’s access to curative and preventive health care and mothers access to information about
nutrition and feeding practices. The biology of child growth suggests interventions that affect
child nutrition will be of greatest benefit to children between the ages of one and four. This
paper exploits that insight to examine the effect of a public health intervention on child height for
age, an indicator of longer-run nutritional status.

The context for this research is Indonesia, where a program to expand access to midwives
was introduced in the 1990s (Ministry of Health 1994, 2000; Handayani et a. 1997). Between
1990 and 1998, 54,000 graduates of nursing academies were given one year of midwifery
training and placed in under-served communities (Sweset et a. 1995). These village midwives
establish health care practices within the community and serve as a health resource to residents
(Hull et al. 1998). The government pays the midwive's salaries for three years in expectation

that this will lead to a permanent and sustainable private practice in the community (Gani 1996).



Previous research documents a positive impact of the village midwife program on the
health and pregnancy outcomes of women of reproductive age, as well as on the birthweights of
their infants (Frankenberg and Thomas 2001). The midwives are aso likely to affect the health
of young children directly, because they provide services such as preventive care and nutrition
counseling, immunizations, and basic curative care services.

Indonesiais not aone in investing in health programs that emphasize direct outreach to
families and communities. Many countries and international organizations have supported
village-level health workers and outreach activities of paramedical and medical personnel
(Berman 2000). These efforts originated in part in the “Health for All by the Y ear 2000”
movement that emphasized community involvement in preventing poor health rather than clinic-
based curative interventions (Claeson and Waldman 2000). Examples of such outreach-based
programs include tetanus toxoid immunization programs and teaching mothers to prepare
rehydration solutions in Bangladesh, training community health workers to diagnose and treat
childhood pneumoniain India, community centers for rehabilitating malnourished children in
Guinea Bissau, and provision of immunizations through visits to community groups in
Mozambiqgue (Cutts et a. 1990; Bang, Bang, and Sontakke 1994; Perra and Costello 1995;
Chowdhury et al. 1997; Jamil et a. 1999). It is common for outreach workers to be assigned to
areas in which health services are either non-existent or very limited and where health statusis
poor. Thus, a careful evaluation of the impact of Indonesia’s village midwife program on child
health provides results of general relevance for less developed countries.

The purposeful targeting of these programs to areas where health is likely to be poor
raises methodological issues that complicate efforts to link access to care to health outcomes. If

targeting is based on characteristics that are controlled when evaluating the program, purposive



program placement poses no conceptua difficulty. However, if program placement is associated
with characteristics that are not measured or if it induces migration to those areas because of the
program, then estimates of the impact of the program will be biased if these effects are ignored
(Rosenzweig and Wolpin 1986; Angeles, Guilkey, and Mroz 1998). Selective program
placement is shown to be important for the village midwife program. It is addressed directly by
our estimation method, which exploits the biology of childhood growth, the timing of the
expansion of the midwife program, and very rich longitudinal data. These are described in the
next section, which is followed by our results. We find that the introduction of a midwife had a

large positive effect on the height-for-age of young children.

DATA AND METHODS
Data are drawn from the Indonesia Family Life Survey (IFLS), a panel survey of individuals,
households, communities, and facilities. The first wave (IFLS1), collected in 1993, interviewed
7,224 households in 13 provinces and represents nearly 85 per cent of the Indonesian population
(Frankenberg and Karoly 1995). The survey covers 321 enumeration areas, small survey-defined
household clusters, in 312 administrative areas known as desa (village) or keluruhan (township).
For the remainder of this paper we use the term community to designate both an IFLS
enumeration area and the administrative areain which it is located. In rural areas the median
community has slightly over 3,300 inhabitants and covers an area of 4.8 square kilometers. The
median community in urban areas is about one-third the physical size of arura community and
has three times as many people.

In the 1997 resurvey (IFLS2 we sought to re-interview all IFLS1 households including all
members of those households in 1997, as well as a set of target members of IFLS1 householdsin

1993 who had migrated away by 1997 (Frankenberg and Thomas 2000). IFLS2 succeeded inre-



interviewing 94.5 per cent of IFLS1 households, Asin 1993, community and facility surveys
collected detailed information on community infrastructure, health services, and various
programs, including the village midwife program.

In the household survey, atrained health worker measured the height and weight of each
household member. The height of each child in the IFLS sample is compared with the National
Center for Health Statistics (NCHS) anthropometric reference for a well- nourished child of the
same age and sex and expressed as a zscore (which is given by the deviation from the reference
median divided by the reference standard deviation). On average, the height-for-age of children
in Indonesia between the ages of one and eight is about 1.8 standard deviations below the median
for the reference population, regardiess of survey year. (The averageis 0.03 standard deviations
greater in 1997, relative to 1993. This difference is not significant and we find no differencesin
the distributions in the two years.) Over one-third of the children are “ stunted,” as measured by
height- for-age being more than two standard deviations below the reference median.

The Village Midwife Program
Our principle god is to assess whether the introduction of village midwives in the 1990s resulted
in improvements in child height for age. We first consider whether midwives offer services that
might improve children’s health and the extent to which children have access to these midwives.
To determine whether village midwives provide services of potential importance for
children’s health, we analyze data collected from the midwives and from other non-program
private-sector midwives and private doctors and clinics as part of the IFLS facility survey.
Practitioners were selected for interview from alist of providers compiled for each community

from a combination of IFLS household respondents’ and key community informants answers to



guestions about the health facilities available to community residents. In 1997, interviews were
conducted with 148 village midwives.

In addition to incorporating outreach and prevention into their services, village midwives
provide a number of services that likely affect children’s health (Table 1). Almost all village
midwives offer curative care and medicines such as antibiotics and cough syrup, and nearly half
provide children’s immunizations. Village midwives also provide important micronutrient
supplements. vitamin A and iron. Comparing village midwives to private midwives (column 2)
and to doctors and clinics (column 3), demonstrates that most services are more likely to be
available, and at cheaper prices, from village midwives than from other private practitioners.
Moreover, the latter are not typically located within the communities that have village midwives.
For example, only 15 per cent of the communities in which a village midwife resides also have a
doctor practicing there, whereas a doctor practicesin 62 per cent of the communitiesin which
there is no village midwife. For private midwives the figures are 9 percent and 48 per cent for
communities with and without a village midwife, respectively.

The range of services offered by village midwives suggests pathways through which their
presence likely improves child hedth. If avillage midwife provides oral rehydration solution
and antibiotics, for example, she may reduce durations of illness from diarrheal diseases and
prevent the dehydration that often accompanies severe diarrhea. Because of the midwives
health training and ability to offer an array of curative and preventive services, coupled with
education about nutrition and feeding practices, their presence may well result in improvements
in children’s nutritional status.

According to IFLS community informants, just under 10 per cent of IFLS communities

had a village midwife in 1993. By 1997, that fraction had risen to almost 46 per cent, indicating



rapid expansion of the program during the 1990s. If this expansion favored communitiesin
which health status (or its proximate determinants) was poor, the correlation between the
presence of a midwife and health status will provide a downward biased estimate of the impact
of the program. To provide some insights into whether this is a serious concern for evaluating
the village midwife program, we have estimated community level regressions relating the
presence of a midwife to the characteristics of the community. Specifically, Table 2 reports
multinomial logit estimates of how the probability that a community

had a village midwife in 1993

gained avillage midwife between 1993 and 1997

did not have a village midwife by 1997
varies with indicators of community infrastructure and socio-economic development, as
measured in 1993. If village midwives were purposively placed in poorer communities, these
characteristics should be negatively associated with the first two outcomes. Communities
without a midwife by 1997 are the reference group. All models include province fixed effects.

Communities in which the primary road is not paved and there is no public telephone are
significantly more likely to have amidwife by 1993. Not having a sewerage system and being
far away from the nearest government health clinic are also associated with having a midwife by
1993 (athough these effects are not individually significant). The same patterns emerge for the
probability a community gained a midwife between 1993 and 1997. Since there is substantial
collinearity in the indicators of community infrastructure, a Wald test for joint significance of
community infrastructure is reported in the lower part of the table. It islarge and indicates these
characteristics are significantly related to the placement of midwives. Measures of the economic

status of the community are not individually significant and, taken jointly, only significant at 5



per cent. This may be because village midwives have not been targeted to the economically
poorer communities, or because our indicators of economic status are measured witherror, at
least relative to those used to target communities. Because some evidence suggests that public
health interventions in Indonesia have first been alocated to provinces and then allocated to
communities within provinces, the regressions include province fixed effects. None of the
estimates in Table 2 is substantively affected by the exclusion of province controls.

Estimates of the effects of the village midwife program on child health will not be
contaminated by selective program placement if placement is orthogonal to health. The second
model examines thisissue. It relates the presence of midwives to the health of children
(measured by average height-for-age zscore of children age 6 through 9 in the community) and
to the hedlth of adults (measured by the percentage with body mass index, BMI, greater than
18.5), which is a standard cut-off below which both morbidity and mortality risks are elevated.
Both child and adult health are negatively associated with the presence of a midwife, they are
individually significant in 3 out of 4 cases and they are jointly significant demonstrating that
program placement is related to prior health. This effect may be stronger in later years since the
correlation between health and gaining a midwife by 1997 is stronger than the correlation with
having a midwife in 1993. However, the evidence is only suggestive since the difference in the
correlations is not significant for child health and the interpretation of the estimate for BMI and
having a midwife by 1993 will be contaminated if the midwife had provided services which
resulted in greater adult weight.

The correlation between presence of a midwife and health status does not pose a problem
for measuring the effect of the midwife program if it can be fully explained by observed

characteristics. Thisisinvestigated in the final column in Table 2 which reports results from a



multinomia logit model of midwife placement that includes infrastructure, economic and health
status characteristics. Slightly over ore-quarter of the variation in the allocation of midwivesis
explained by these covariates. Community infrastructure continues to explain a significant
fraction of that variation, whereas economic characteristics are no longer significant. However,
key for this study, is the fact that the correlation with health status persists (p-value=0.04)
suggesting there are unobserved factors that affect both health status and the allocation of
midwives to communities.

This result has important methodological implications for evaluating the midwife
program. Specifically, a comparison of children’s health status in communities that have a
midwife with health status in communities that do not is likely to understate the midwife's
impact, because children in the former communities are already disadvantaged relative to
children in the latter communities and that disadvantage cannot be fully controlled by observed
differences between the communities.

The Relationship Between Program Exposure and Child Health

To evaluate the effectiveness of the village midwife program, anatural starting place is comparison
of the hedlth of children who have been treated by a midwife with the health of children who have
not. Thisestimateis likely to be biased, because treatmert by a midwife typically involves a child's
caretaker deciding to take the child for treatment. It is not possible to separate the effect of that
choice (and other choices of the caretaker) from the effect of the treatment itself. Moreover, given
the design of the program and the training midwives receive, the benefits of a midwife may also
accrue to children that she does not treat, because of spillovers from, for example, health and
nutrition education and counseling. To evaluate the program, we will assess whether the presence

of amidwife in acommunity is associated with improved child health. Thisis complicated by the



fact that midwives do not appear to have been randomly assigned to communities. However, the
combination of the physiology of child growth, the longitudinal dimension of IFLS, and the timing
of the expansion of the village midwife program provides unique opportunities to measure the
causal effect of the program on child height-for-age, an indicator of longer-run nutritional status.
Adult stature reflects both genotype and phenotype influences with the latter being critically
important during the fetal period and the first few years of life (Martorell and Habicht 1986). These
influences are substantially more muted after the child has reached four years of age. We thus
examine the relationship between child height and the presence of a village midwife in the
community during the early years of the child'slife. Comparisons with children in communities that
did not have a village midwife are difficult to interpret because of the confounding impact of
selective placement of midwives. However, exploiting the timing of the introduction of the midwife
to a community, we can measure the effect of the midwife by comparing the height-for-age of
young children, who were exposed to a midwife during the vulnerable early years of life, with the
height-for-age of older children who live in the same community but who were not exposed to the
midwife while they were young. Because these children live in the same community, this approach
sweeps out the influence of time- invariant aspects of the community that affect child height and
those that affect the assignment of midwives to particular communities.

The intuition isillustrated in panel A of Figure 1 which isaLexis diagram of child age
(vertical axis) and calendar time (in years on the horizonta axis). The thick diagonal lines
demarcate three cohorts of children, c. The paralelogram labeled “Older Cohort” identifies
children born between the beginning of 1984 and the end of 1987. Children belonging to the
“Middle Cohort” were born between 1988 and the end of 1991. Children in the “Y ounger Cohort”

were born between 1992 and the end of 1995.



The broken vertical lines indicate the two pointsin time, t, in 1993 and again in 1997 when
height was measured in IFLS. At the first height measurement, children from the older cohort were
between the ages of five and eight, while children from the middle cohort were between the ages of
one and four. At the second height measurement, children from the middle cohort were between the
ages of five and eight, while children from the younger cohort were between the ages of one and
four. (Children in the older cohort would be age 9 through 12 in 1997 and since many will have
begun the puberty growth spurt by that time, they are not included in the analysis. The mgjority of
children in the younger cohort were not born in 1993.)

There are, therefore, four groups of age-€eligible children for this andysis. Within each
group, the extent of exposure to a village midwife during the vulnerable period of early childhood
varies as afunction of whether the village had a midwife and, if so, when she arrived.  For each
group of children, multivariate least suares regressions provide estimates of the relationship
between height-for-age, ?, and community-level indicators of whether a midwife was present in
1993 (M ) or was added between 1993 and 1997 (M "). Children in communitiesin which a
midwife was not present in either year serve as the reference category. The regressions aso control
avector of individud, i, village, v, and time-specific, t, covariates, Xjy:. These covariates encompass
demographic, biological, and socioeconomic attributes that are likely to be correlated with
nutritional status and include the child’'s sex and age in months, the mother’ s and father’ s heights
and presence in the household, the mother’ s education, urban residence, province of residence, and
health infrastructure in the community. Unobserved heterogeneity is captured by e which is
assumed to have alinear and additive effect on height but may vary by child, time and villagein an
arbitrary way.

it =g + BaM® + 2aMT + d'g Xivt + €int [1]
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Denoting the time of the baseline measure (in 1993) as 0 and the first follow-up (in 1997) as
1, estimates of ? o are measures of the relationship between child height in 1993 and the
introduction of a midwife between 1993 and 1997 relative to never having a midwife in the
community. Since the midwife was introduced after height was measured, the effects should be
zero for both the older cohort, O, (? 5p=0) and the middle cohort, M, (?0=0). If they are negative,
they provide evidence that midwives were introduced between 1993 and 1997 to communities
where children were in poorer hedlth; if the effects are positive, they suggest midwives went to
communities where children were in better health.

Estimates of 13 are measures of the relationship between child height and having a midwife
in the community in 1993, relative to never having amidwife. To interpret these estimates, we
draw on the biology of child growth discussed above. Because the midwife program was only
established in 1989 and was very small until the early 1990s, midwives who were present in 1993
had not been in the community for very long. In fact, for over 50 per cent of the communitiesin
which amidwife wasin place by 1993, the midwife arrived in 1992 or 1993. Children in the older
cohort, O, were age 5 to 8 in 1993 and so they would not have been exposed to the midwife during
the vulnerable early years, Their height should not have been affected by the midwife and thus 3o
should be zero. Again, deviations from zero would be indicative of program placement effects.

Predictions for children in the middle cohort are ambiguous. Some of these children will
have been exposed to the midwife during the vulnerable years and this should be captured in the
estimates. In the absence of program placement effects, if midwives benefit child hedth, the
estimate should be positive. Since, on average, most children will have been only partially exposed
to the midwife during the vulnerable years, this provides alower bound estimate of the program

effect. These predictions are summarized in Figure 1B.
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Following the same logic for estimates based on the 1997 survey (t=1), children in the
middle cohort would have been age 5 through 8 in 1997 and would, therefore, have been too old to
benefit from a village midwife who was introduced between 1993 and 1997. Thus ? 1 should be
zero. Thiscohort of children living in communities with a midwife in 1993 would have had partial
exposure during the vulnerable years and this should be captured in Ry which (like Byo) isalower
bound estimate of the effect of the midwife program.

Children in the younger cohort, Y, were born between 1992 and the end of 1995 and, on
average, would have been partially exposed to a midwife during the vulnerable years if she was
introduced between 1993 and 1997. The relationship with child height, ?y1, provides alower bound
estimate since exposure was partid. 1n contrast, those children living in communities that had a
midwife in 1993 are likely to have been fully exposed to the midwife. If program placement were
not a concern, this effect, 3y1, would be a measure of the impact of the village midwife program.
Difference-in-difference estimates
All of the estimates discussed above are likely to be contaminated by selective program placement.
However, differences in the estimated effects across equations sweeps out the impact of program
placement and pins down the causal effect of the midwife program on child nutritional status.
Consider children who live in communities that have had a midwife since 1993. 1n 1997, children
in the younger cohort will have been fully exposed to the program whereas the middle cohort would
have only been partially exposed. The difference between these effects, By 1-Bm1, providesa
difference-in-difference estimate of the effect of full relative to partia exposure, after sweeping out
the impact of program placement (under the assumption its effect is linear and additive in [1]).
More formally, if unobserved heterogeneity can be separated into two parts, one that is due to

program placement, 1y, and one that is not, ?yt, then rewrite unobserved heterogeneity in [1] as
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eivt = ?ivt + Hv 21
Since Wy IS common across equations it is swept out of the difference-in-difference estimates.

Standardized height-for-age tends to decline with age until weaning, bounces back dightly
and then remains approximately constant. This complicates our comparison of older with younger
children measured a apoint in time. Exploiting the panel dimension of IFLS, an adternative
estimate of the effect of having a midwife in the community by 1993 is provided by the difference
between the effect on the height- for-age of the younger cohort measured in 1997 (when they were
age 1 through 4) with the effect on the middle cohort measured in 1993 (when they were also age 1
through 4). Thisdifference-in-difference, [3y1-3mo, IS another measure of the effect of being fully
exposed to village midwife relative to partia exposure among children living in communities that
had amidwife by 1993.

The late 1980s and mid 1990s was a period of economic growth in Indonesiaand atime
when other policies that sought to improve the health and human capital of the population were
introduced. These may have resulted in improved child health and nutrition among later cohorts.
Thistime effect complicates our comparison of the middle and younger cohort. Its influence can be
assessed by comparing children age 5 through 8 in the middle cohort (measured in 1997) with
children the same age in the older cohort (measured in 1993). Whereas the middle cohort children
were partialy exposed to the midwife program during their vulnerable years, the older cohort was
not and so this difference-in-difference, Rui-Roo, is an estimate of the combination of the time effect
and the effect of partial exposure.

Recall that Ry1-Buo is an estimate of the effect of the midwife program, the time effect and

the effect of partial exposure. Assuming secular changesin child height are linear in time, then the

difference-in-difference-in-difference (3y1- Bmo)- (Bm1-Roo) IS an estimate of the causal effect of
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having a village midwife in 1993 taking into account the possible role of selective program
placement. Intuitively this estimate of the program effect comprises two parts. Firgt, the difference
in the height-for-age of the younger cohort relative to the middle cohort when both were 1-4 years
old in communities with a village midwife in 1993, is contrasted with the same difference among
children in communities that did not have a village midwife by 1997. Second, this difference-in-
difference is contrasted with a similar difference in difference between the middle and older cohort,
when they were age 5 through 8.

Within communities served by a village midwife by 1993, unobserved characteristics may
affect both child height and the allocation of midwives. For example, if midwives were alocated to
the poorest communities and the poorest communities subsequently grew faster than other
communities and this resulted in improved child nutrition, the difference- in-difference-in
difference estimate of the effect of the village midwife program would be biased upwards. Asa
second example, if midwives were allocated to the poorest communities and if there is
measurement error in targeting so that some of those communities were going through a bad patch
at the time the alocation of midwives was determined but the communities were not (in the long
run) as poor as they appeared, then because of regression to the mean, those communities will
subsequently perform better than other communities and child nutrition of the younger cohort will
be better than that of the middle and older cohorts.

All time-invariant, unobserved community-specific factors that have a linear and additive
effect on child height-for-age can be absorbed by combining equations [1] and [2]:

it =8 + BaM® + 2aM + d'e Xivt + Hy + it (3
where [, isacommunity-specific fixed effect. This amounts to stacking the four cohort-time

combinations and estimating a fully saturated model. This approach has been used extensively in
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the program evaluation literature (for a discussion see Heckman and Robb 1985). The conceptual
experiment involves contrasting, within a community, the health of the middle and younger cohorts
of children with the health of the older cohort of children. One of the cohort-time pairs serves as a
reference group and all estimates are relative to that group. The difference-in-difference estimates
are directly comparable with those from model [1] and thus provide a check on the robustness of
our estimates to this form of community-specific unobserved heterogeneity.

The discussion thus far has focused on the effect of having amidwife by 1993. The same
logic applies to estimation of the impact of the introduction of a midwife between 1993 and 1997
except that, by 1997, there are no children in the study sample who were fully exposed to the
midwife. In this case, as shown in Figure 1B, it isonly possible to estimate the effect of partial
exposure to the program.
RESULTS
Results of estimating models[1] and [3] are reported in Table 3. Panel A reports the differences
between the height of children in communities with amidwife in 1993 and those in communities
with no midwife by 1997 (13, in columns 1 and 3) and the effect of gaining a midwife between 1993
and 1997 relative to not having a midwife by 1997 (?, in columns 2 and 4). Difference-in
difference estimates are reported in Panel B. Standard errors are below least squares regression
coefficients and are corrected for clustering and arbitrary forms of heteroskedasticity (Huber 1973).
Controls are included for maternal education (which is 5.7 years on average), for maternal and
paternal height (which averages 150 and 161 centimeters, respectively), for whether each of the
parentsis in the household, and for the child's age and gender. Additional community-level controls

areincluded in Pand A.
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The second column reports the conditional correlation between child height and the
introduction of a midwife to the community after 1993. The first row reports an estimate of ? oo
which is based on height measured in 1993 for the older cohort of children (age5to 8). Itis
negative, large and significant. Clearly this cannot be causal since the midwives were introduced to
the community after height was measured. The same logic applies to the second row which is based
on the middle cohort of children measured in 1993: ? v isaso large and negative. We conclude
that between 1993 and 1997 midwives were assigned to communitiesin which, prior to their arrival,
children’s nutritional status was poorer than in communities that did not get a midwife by 1997.

Children in the middle cohort were re-measured in 1997 (reported in row 3) and the
correlation should again be zero: it is negative and significant. Children in the younger cohort were
partialy exposed to the village midwife and so the fourth row reports this effect in combination with
program selectivity. This estimate is dightly smaller than the other three (in absolute value) but not
sgnificantly different. If there are benefits of partial exposure, they are swamped by the purposive
placement of midwives in areas where child nutrition is poorer.  The results unambiguoudy
demongtrate that selective program placement is not just atheoretical nicety but an important
empirical redlity in this context.

Estimates of the correlation between child height and the presence of a midwife in 1993 are
reported in the first column. The older cohort was age 5 through 8 yearsin 1993 and was not
exposed to the midwife during the vulnerable years and so 3o should be zero: it is negative which
we interpret as indicative of purposive program placement. The middle cohort would have been
partialy exposed. The estimatesin the second and third rows are also negative and indicate that any

benefits of partia exposure are swamped by program placement effects.
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The younger cohort of children would have been fully exposed to the midwife during the
vulnerable years and so we expect [3y; in the fourth row to be postive. It is. the estimated effect is
0.23 (p-vaueis 0.06). However, thisislikely to be an underestimate of the effect of the program
because it is contaminated by selective program placement.

The difference-in-difference estimates that address this concern are reported in Panel B of
thetable. Comparing the younger with the middle cohort measured at the same time (in 1993, row
5), the estimated effect of the program is 0.37 and significant. Thisis an unbiased estimate of the
program if there are no age effects and if partia exposure has no impact on child height. The age
effects can be taken into account by contrasting the younger cohort with the middle cohort measured
when they were the same age (1 through 4, row 6). The estimated program effect is 0.43 and
sgnificant. However, this estimate is potentially contaminated by atime effect (which islikely to
be positive) and the effect of partid exposure (which isaso likely to be positive). An estimate of
those two effectsis provided by comparing the middle cohort with the older cohort at the same age
(5 through 8 years, row 7). The effect is-0.01 indicating that both the time effect and the effect of
partial exposure are negligible. The difference-in-difference-in-difference estimate of the effect of
living in a community that had a village midwife in 1993 is reported in the final row. It is0.44 and
significant.

Results from models that include community fixed effects are reported in columns 3 and 4
of thetable. Estimatesin Pandl A are relative to the reference category of the older cohort of
children measured in 1993. The difference-in-difference estimatesin row 8 are directly comparable
with those in the first two columns. Comparing columns 1 and 3, there is evidence that unobserved
characteristics at the community level affect child height and the OL S estimate of the effect of the

village midwife program in column 1 is biased upwards. After taking this form of unobserved

17



heterogeneity into account, the program effect is estimated to be 0.35.1 That is, childrenin
communities with a village midwife in 1993 are about one-third of a standard deviation taller than
they would be if they lived in communities that did not have a village midwife. Thisis not only
significant, it is substantively large. For a4 year old child, thisis equivaent to 1.5 cm in height.
Resultsin row 7 of columns 1 and 3 indicate that partial exposure to the village midwife
program congtrues no benefits in terms of improved child nutrition. Since we are only ableto
measure the effect of partia exposure to a midwife who isintroduced to a community between 1993
and 1997, we expect that effect to be zero. Thisis confirmed by the estimates in columns 2 and 4
which indicate that the time effect and the effect of partial exposure are zero (row 7) and the effect
of partia exposureis zero (row 8). Why partia exposure construes no benefit is unclear, athough it
is possible that it takes time for a village midwife to build up a practice in a community.
Distribution of benefits acrossthe spectrum of socio-economic status
One god of the village midwife program is to improve the hedlth of the relatively under-served. To
provide some insights into whether this has been achieved, the models have been extended by
including an interaction between maternal education and the presence of a village midwife.
Anaysisis limited to children age one to four in 1997 who were fully exposed (had a village
midwife by 1993) relative to those never exposed (did not have a village midwife by 1997).
Materna education is specified as an indicator variable for completing more than primary school (6
years of schooling) which accounts for about one third of the mothers. In terms of height, children
whose mothers are less well educated benefit more from having a midwife in the village than other
children. The regressions include community fixed effects, and so the result reflects variation in

socio-economic status within the village and indicates that the worst off children benefit the most
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from the village midwife. We do not detect smilar patterns for two other indicators of socio-
economic status, maternal height and household expenditure.

Mechanisms underlying program benefits

Why do village midwives affect child height? To provide some insights into this question, we
exploit therichnessof IFLS and examine program impact on health behaviors. Using datafrom
IFLS2 on receipt of immunizations and vitamin A for children less than five, we examine (with
logistic regression) whether immunization and micronutrient uptake rates differ depending on
whether children live in communities with program midwives. Outcomes tested include receipt of
vaccinations to protect against polio; tuberculosis; diphtheria, pertussis, and tetanus; and measles.
The results provide no evidence of variation in uptake rates of immunization by the presence of a
program midwife, but with outcome data from only 1997 we can say nothing about how the
midwife' s presence may have influenced change in immunization uptake over time.

We turn next to feeding practices. To test whether exposure to amidwife is associated with
differences in feeding behavior over time, we estimate Cox proportional hazards models, in which
the dependent variable is the age at introduction of supplementary food or at cessation of
breastfeeding. We dtratify children into groups based on whether and when a midwife was posted
to the village and estimate the impact of exposure to the program on the hazard rate.

Because IFLS provides information on feeding practices for children under five in both
1993 and 1997, it is possible to examine changes over time in feeding behaviors for children from
the middle and young cohorts. The first column of Table 4 presents the median ages (in months,
which is the reporting unit for most respondents) at which food isintroduced and a which
breastfeeding stops. Complementary food is introduced at a median age of three months.

Breastfeeding is stopped at a median age of 24 months.
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Subsequent columns provide information on feeding patterns stratified by presence of a
village midwife and cohort. Ages in months corresponding to the 25th, 50th, and 75th percentiles of
the distributions are presented. Column 7 contains an estimate of the relationship between being in
the young cohort and the hazard of the event occurring at timet.

With respect to introduction of complementary food, for children in the communitiesin
which no midwife was present, the distributions of ages at which complementary food is introduced
do not vary by cohort, nor isthe impact of being in the young cohort on the hazard of food
introduction statistically significant. For children in the communities in which a midwife was
present by 1993, however, a shift across cohorts does occur. For the middle cohort the median age
at introduction of supplementary feeding is three months, while for the young cohort it is four
months: this differenceis sgnificant. In Column 7, for any timet, being in the young cohort is
associated with areduction in the hazard that supplementary food will have been introduced by that
time.

With respect to age at cessation of breastfeeding, breastfeeding occurs for longer in
communities into which a midwife was introduced than in communities in which no midwife was
present, regardless of cohort. The duration of breastfeeding has increased significantly across the
two cohorts in communities that have never had a midwife. No changesin the duration of
breastfeeding, which is already quite long, have occurred in the communities into which midwives
were introduced by 1993.

We also investigated whether children are more likely to visit midwives for outpatient
care (in the four weeks before the interview) in the communities to which village midwives have
been assigned. We find that in 1993 children between the ages of one and four were more likely

to visit amidwife in they lived in a community to which a village midwife had been assigned.
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Likewise, in 1997 children in this age range were more likely to visit amidwife if they lived in a
community to which a midwife had been posted between 1993 and 1997.
DISCUSSION
Poor nutritional status, which is associated with elevated risks of mortality, poor cognitive
development, and impaired functioning in later life, remains common among children in the
developing world. Y et preventive behaviors and interventions can improve children’s nutritional
outcomes. In most less developed countries the public health sector plays a key role in making
immunizations, micronutrient supplements, and rehydration solutions available, as well as
providing information to mothers about the importance of preventive care and proper feeding
practices. Relatively few analyses, however, have been able to document a clear positive impact
on children’s health status of the general availability of health services. Most macro-level
studies find that the impact of public spending on health is limited (Musgrove 1996; Filmer and
Pritchett 1999). At the micro level, afew studies document a positive causal effect of provision
of services on health outcomes (see Caldwell 1986; Jamison et al. 1993; and, for an analysis of
the impact of the village midwife program on women'’s health and pregnancy outcomes,
Frankenberg and Thomas 2001). More commonly, however, the conclusions indicate little or no
impact on health of increasesin public spending. In some cases, public-sector investments are
even associated with poorer health outcomes (Strauss and Thomas 1995, provide a discussion).
A critical problem in this literature is that public health investments are rarely located
randomly with respect to health outcomes. When public services are placed disproportionately
in areas where health is poor, estimates of the correlation between access to services and health
outcomes will be biased downward. For example, Rosenzweig and Wolpin (1986) show that in a

cross-section regression, children’s nutritional status is negatively associated with exposure to
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public health programsin Laguna, The Philippines. A positive and significant effect emerges,
however, when they examine how changes in nutritional status respond to changes in exposure to
public health programs. The authors attribute the negative correlation in the cross-section

estimates to nornrandom placement of programs.

This paper examines the link between children’s health outcomes and the expansion of
maternal and child health services provided by trained midwivesin Indonesia. We address the
issue of non-random program placement by constructing several estimates of the program’s
effect, based on differences across children with varying degrees of exposure to the program, but
with other factors in common, such as age or time at measurement. Each estimate involves a
different assumption about possible sources of bias. The estimates of the causal effect of full
exposure to the program since birth on the height-for-age z-score of children age one to four
years range from 0.35 to 0.44 standard deviations.

Our results provide strong support for the hypothesis that the midwife program benefits
children who were fully exposed to a midwife during early childhood. These children are taller
than their same-age peers who live in communities without a midwife. They are also taller,
given age, than children from the same communities, who were born prior to the arrival of the
midwife. Finaly, within communities, the improvement across cohorts in the nutritional status
of children measured at one to four years of age is greater in the communities in which midwives
were introduced than in the communities in which they were not.

Although health interventions are often implemented in hopes that they will benefit
children from the most disadvantaged backgrounds, that goal is not always realized. Families
with more resources or with more education may be more aware of the benefits of use of care,

they may be better able to afford the costs of using health services, they may be more confident
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in interactions with providers, and they may be more effective at trandating advice into practices
that improve health. We find, however, that it is particularly the children whose mothers have an
elementary school education or less that benefit most from exposure to midwives.

We go on to consider possible mechanisms through which exposure to a midwife affects
nutritional status, including uptake of immunizations and micronutrients, breastfeeding patterns,
and use of health care. Although it does not appear that children in the communities in which
midwives are present are more likely to be immunized or to receive micronutrient supplements
such as Vitamin A, uptake of these interventions may have increased more rapidly in the
communities into which midwives were introduced than in communities without program
midwives—something we cannot consider without data on changes in these behaviors over time.
Our results show that the presence of a midwife is associated with a significant increase in the
duration of unsupplemented breastfeeding. Thisincrease is potentially quite important for
children’s nutritional status, because too early introduction (i.e. before six months of age) of
poor quality complementary food can have negative consequences for growth (Frongillo and
Habicht 1997; Onyango, Koski, and Tucker 1998). We also find evidence that among young
children use of midwives for outpatient care rises after their introduction to a community.
Finally, our earlier work shows that the addition of a village midwife to a community is
accompanied by anincrease in birthweight, relative to the birthweight of children in that
community whose mothers were pregnant before the midwife arrived (Frankenberg and Thomas
2001). From theseresultsit appears that the routes by which midwives result in improvements
in height- for-age during early childhood involve increases in unsupplemented breastfeeding and

in use of outpatient care, and possibly better nutritional status at birth.
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CONCLUSIONS

Outreach programs are a common strategy that governments use to improve access to health
services. In the 1990s Indonesia embarked on an ambitious effort to provide communities with
trained midwives capable of providing a variety of maternal and child health services. We
conclude that this effort has had a positive impact on children’s height. Moreover, the benefits

are greatest for children from the lower three-quarters of the socioeconomic spectrum.
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Figure 1

Village midwives and child height in Indonesia: Timing of events

A. Lexis diagram of cohorts, ages, and dates of measurement of child height
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B. Expected effects of village midwives in the absence of selective program placement

Year measured: 1993 1997
t=0 =1
Effect of Present Gained between Present Gained between
Midwife: in 1993 1993 and 1997 in 1993 1993 and 1997
3 ? 3 ?
Cohort
Older O Zero Zero . .
Middle M Partial Zero Partial Zero
Younger Y : : Full Partial
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Tablel1
Availability of health providers and services in Indonesia

A. Availability and prices of servicesby provider type

Village Private Doctors
midwives midwives and clinics
Type of service (per cent offering)
General care
Curative care 99 88 99
Stitch wounds 75 46 56
Children’s immunizations 46 59 33
Drugs
Antibiotics 98 93 95
Cough medicine 96 81 94
Oral rehydration solution 95 82 80
Iron tablets 93 90 68
Vitamin A 86 75 60
Median service price ( Rp)*
General care
Exam only 2,000 3,000 5,000
Exam/shot/medicine 3,500 5,000 8,000
First titch 2,500 4,000 8,000
Meades immunization 500 3,000 5,000
Drugs
Antibiotic (ampicillin) 400 450 600
Ord rehydration solution 1,500 3,000 4,000

B. Co-existence of village midwives and private providers
Communities
With avillage midwife  without a village midwife

Per cent of those communities with a
Doctor 15 62
Private midwife 9 15

1 Median drug prices based on a standardized quantity. In 1997, the exchange rate was about
2,400 Rupiah per U.S. dollar.

Source: Panel A: 1997 Indonesia Family Life Survey Facility Survey (N=148 for village
midwives, 519 for private midwives, and 672 for doctors and clinics). Panel B: 1997 I ndonesia
Family Life Survey Community Survey.
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Table 2
Multinomid logistic regression relating the presence of a village midwife to observed community characteristics

Modd 1 Modd 2 Moded 3
Infrastructure Hedlth All
& economic status status Characteristics
midwife midwife midwife midwife midwife  midwife
present  came between present  came between present came between
in1993 1993 & 1997 in1993 1993 & 1997 in1993 1993 & 1997
@ ) ©) (4) ©) (6)
Infrastructure
(1) if primary road is paved -153 -0.23 -155 -0.29
(0.56) (0.38) (0.57) (0.38)
(1) if community has public -2.74 -131 -2.92 -1.19
telephone (1.11) (0.38) (1.14) (0.39)
(2) if community has sewage -0.96 -0.23 -1.02 -0.21
system (0.61) (0.35) (0.62) (0.36)
Distance to nearest government 011 0.35 0.12 0.32
hedlth clinic (0.20) (0.15) (0.21) (0.16)
Economic status
Y ears of education (adults) -0.27 -0.19 -0.33 -0.13
(community average) (0.18) (0.69) (0.19) (011
Per head expenditure 0.19 -0.37 0.33 -0.31
(community average) (0.69) (0.44) (0.71) (0.45)
Hedth gatus
Height for age z-score -0.19 -0.75 0.56 -0.31
(Children age 6-9 years) (0.33) (0.23) (0.42) (0.25)
Body massindex>18.5 -4.61 -7.97 197 -340
(% of adultsin community) (2.54) .77) (3.02) (2.03
Province fixed effects Yes Yes Yes
Pseudo R? 0.26 0.12 0.28
??test (infrastructure) 37.04 . 34.00
(p value) (0.00) (0.00)
?? test (economic status) 9.40 : 5.69
(p value) (0.05) (0.22)
2% test (hedlth status) 36.50 10.21
(p value) (0.00) (0.09)
?%test (all covariates) 95.57 52.84 101.52
(p value) (0.00) (0.00) (0.00)

Communitiesthat did not have a midwife by 1997 are the reference category in each of the three multinomial logit models. Robust
standard errorsin parentheses bel ow regression coefficients.
Source: Indonesia Family Life Survey Community Surveys, 1993 and 1997.
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Table 3
Estimates of effect of presence of village midwife on child height for age zscores (with robust standard errors)

Model 1: OLS Model 3: Community FE
3 ? 3 ?
Effect of midwife Effect of midwife
Panel A present  gained between present  gained between
Notation Cohort Measured at in1993 1993 and 1997 in1993 1993 and 1997
Time Age @ 2 3 4
1. O0 Older 1993 5-8yrs -0.13 -0.21
(0.20) (0.07)
2. MO Middle 1993 1-4yrs -0.20 -0.17 -0.07 0.04
(0.14) (0.10) (0.11) (0.07)
3. M1 Middle 1997 5-8yrs -0.14 -0.16 -0.01 0.03
(0.09) (0.07) (0.120) (0.64)
4. Y1  Younger 1997 1-4yrs 0.23 -0.11 0.27 0.00
(0.12) (0.08) (0.12) (0.07)
Panel B: Difference-in-difference
Notation  Interpretation
5. Y1I-M1  Program effect if 0.37 0.05 0.28 -0.03
no age effect & (0.124) (0.20) (0.12) (0.09)
no effect of partial exposure
6. Y1I-MO  Program effect if 0.43 0.06 0.34 -0.04
no time effect & (0.29) (0.11) (0.13) (0.20)
no effect of partial exposure
7. M1-O0 Time effect & effect of -0.01 0.05 -0.01 0.03
partial exposure (0.20) (0.08) (0.15) (0.07)
8. (Y1-MO)- Program effect 0.44 0.01 0.35 -0.07
(M1-00) (Full effect for 3 (0.21) (0.18) (0.16) (0.12)

Partial effect for ?)

Communities that did not have amidwife by 1997 are the reference category. Differences relative to children inthose communities are reported in
Panel A. Differencein differences are reported in Panel B. Regressions also control child gender, age in months, mother's education, mother's and
father's height, presence of mother and father in household. Columns (1) and (2) also control urban residence, province of residence and levels of
health infrastructure (distance to public clinics and whether the community health worker makes monthly visitsto the community); columns (3)
and (4) include community fixed effect.

Source: 1993 and 1997 Indonesia Family Life Survey (N=9,445 children)
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Table 4
Summary statistics and Cox proportional hazards model results for child feeding patterns by presence of a
village midwife and cohort

Overadl By presence of midwife and cohort
Summary statistics Hazards
(Agein months) model:
Medianage  Midwife  Cohort 25t 50 750 Cohort
(in months) in 1993 percentile  percentile percentile effect’
1) ) 3 (4) ©) (6) ()
Introduction 3
of food
No Middle 2 3 5
No Y ounger 2 3 5 94
Yes Middle 1 3 6
Yes Y ounger 1 4 6 .76*
Cessation of 24
breastfeeding
No Middle 12 18 24
No Y ounger 14 24 24 .70*
Yes Middle 18 24 30
Yes Y ounger 18 24 30 87

! The coefficient represents the impact on the hazard at time t of being in the late cohort of children relative
to the early cohort of children, where avalue of less than one indicates a reduction in risk of the event.
*
p<.05
Source: asin Table 3 (N=2,39)
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