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Abstract
Objective—One in three children globally is stunted in growth. Many of the conditions that promote
child stunting are amenable to quality care provided by skilled health workers.

Methods—The study uses household and facility data from the Indonesian Family Life Surveys in
1993 and 1997. The first set of multivariate regression models evaluate whether the number of
medical doctors (MDs), nurses, and midwives predict quality of care as measured by adherence to
clinical guidelines. The second set explains the relationships between quality and length among
children less than 36 months. Using the information generated from these two sets of regressions,
we simulate the effect of increasing the number of MDs, nurses, and midwives on child length and
stunting.

Results—Increases in the number of MDs and nurses predict increases in the quality of care. Higher
quality care is associated with child length in centimeters and stunting. Simulations suggest that large
health gains among children under 24 months of age result by placing MDs where none are available.

Conclusions—Improvements in child health could be made by increasing the number of qualified
health staff. The returns to investing in improvements in human resources for health are high.
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1. Introduction
One in three children globally is stunted in growth [1]. Stunting is associated with negative
outcomes in later life, including high rates of morbidity and mortality, reduced cognitive
function, and low economic productivity [2–6]. Most of these children live in low-income
settings characterized by a high prevalence of communicable diseases and inadequate use of
cost-effective interventions [1].

Global initiatives such as the United Nations Millennium Summit emphasize scaling-up basic
health interventions in low-income settings to improve health and reduce poverty. However,
these initiatives have not yet achieved sustainable gains in coverage or health outcomes in
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many poor countries. This is primarily because of long-standing weaknesses in health systems
[7]. One of the most important health system challenges is ensuring the availability of qualified
staffing to deliver primary care. It is estimated that a shortfall of 4 million health workers exists
globally, and 70 countries have fewer than 2.5 health workers per 1000 people [8].

In this paper, we use data from Indonesia to evaluate whether medical doctors (MDs), nurses,
and midwives predict quality of care, and whether quality is associated with child growth. We
address several methodological issues. The first challenge is measuring quality itself. Structural
quality, such as supplies or infrastructure, is typically used as a proxy for the quality of medical
care. However, structural quality does not capture health worker performance. A growing body
of research suggests that inadequate or inappropriate clinical practice is widespread [9] and
contributes to poor health outcomes [10–12]. To more accurately capture the quality of
healthcare, this study uses case scenarios that measure knowledge about clinical practice
guidelines.

A second challenge is selective program placement. Governments typically allocate health
resources based on explicit rules and policies. If health resources are targeted to areas of greatest
health need, for example, a cross-sectional analysis could conclude that the services are
associated with poor health outcomes [13]. To control for program placement, previous studies
have modeled the resource allocation criteria [14,15] or used fixed effects that control for both
observed and unobserved factors at a given level of observation [16]. This study uses
community level fixed effects and a panel of communities, which eliminate from the model
and error terms those characteristics that define the allocation of resources.

1.1. The Indonesian health scene
Public health workforce planning and deployment in Indonesia is based on staffing a broad
network of public facilities [17]. Staffing ratios are applied by facility type for the main
geographic regions: Java Bali (JB) and the more remote Outer Java Bali (OJB) [18]. To achieve
the targeted MD per facility ratios, the Ministry of Health (MoH) relied on a system of
compulsory service at health centers. Five years of public service was a prerequisite before
obtaining a civil service post, a practice license, and medical specialty training. The service
requirement was shortened to 3 years for work in remote regions of OJB. This combination of
incentives proved successful in increasing the availability of MDs at health centers, even in
remote regions. Most physicians, however, moved to urban areas for training or practice after
their compulsory service. Thus, sustaining the appropriate levels of qualified staff at health
centers has been an ongoing challenge [19].

During the early 1990s, Indonesia faced budget crises. Coping with public resource shortfalls,
the Government of Indonesia enacted a zero-growth policy, which froze new hiring in the civil
service in 1992. For the health sector, this policy eliminated the key incentive for deployment
to remote regions – a shorter period of mandatory service before becoming a civil servant. The
final civil service cohorts completed their mandatory service at health centers in 1994 and 1996
in remote and non-remote regions, respectively. Facing demands to staff a large network of
primary level facilities, the MoH developed contracting programs that circumvented the hiring
restrictions and directly allocated MDs to health centers, using financial incentives to work in
remote regions rather than shorter periods of compulsory service [20]. Despite these efforts,
less than one-half and one-third of MD targets were filled in health centers for very remote and
remote regions, respectively [21]. Previous research has illustrated large declines in quality
between 1993 and 1997, which correspond with changes in the number of qualified health staff
[19]. We exploit this shock to the health system to explore the relationships among staffing,
quality and child length.
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2. Materials and methods
2.1. Rationale

Height is a cumulative measure of health reflecting the physiological processes associated with
genetics, birth weight and environment [22]. Environmental factors including poor nutrition,
infection, perinatal complications, and childhood illnesses could prevent the attainment of full
growth potential [2–5].

There is good reason to believe that the quality of prenatal care affects child growth in low-
income settings. In low-income settings, there tends to be a high prevalence of maternal
conditions that promote low birth weight, including low energy intake, low pre-pregnancy body
mass index, and hypertensive disorders of pregnancy [23,24]. Previous studies in Indonesia
have attributed high rates of child stunting to poor prenatal health [25–27]. Persistent untreated
illnesses during pregnancy can result in low-birth weight infants that are less likely to catch-
up in growth [23,28–30].

Postnatal infections occur more frequently among children with poor prenatal growth [22,
31]. Repeated infections can prevent a child from completely restoring weight lost during
illnesses and result in a decline in the child’s growth trajectory over the long term [5]. Within
the first 2 years in particular, growth rates are higher than in later life and the immune system
is developing. Therefore, strengthening clinical case management of common childhood
illnesses could also improve growth.

2.2. Behavioral and analytical framework
The production function characterizes health as a form of human capital, where current health
status is a function of choices and shocks over the lifetime [32]. An individual’s health capital,
such as height, is the result of a set of factors including medical care, personal behaviors, and
environment – some of which are observed whereas others are not. The effect that each factor
has on health varies by individual biology and socioeconomics, i.e., age, gender, genetic
endowments, and education.

Some of the determinants are chosen, such as nutritional intake, medical care, and time spent
in seeking care. Others, such as environmental health, are only partially determined by a
household’s choices of sanitation, waste disposal, and water source. Yet, some inputs are fully
exogenous to the household, such as the portion of the disease environment determined by
public health and sanitation infrastructure.

Even though the health production function captures critical information, estimation of its
parameters is difficult in practice, given that it would require detailed information about the
choice of each input. Such an estimation would require an identifying instrument, such as a
price, for each input included in the production function. Furthermore, these choices are
simultaneously determined with the outcome, are thus endogenous and likely to be correlated
with the error term.

In particular, the quality of care received is a choice variable. Individuals choose whether and
where to obtain care based on factors such as the expected efficacy of treatment (quality), price
of available providers, the type and severity of illness, and budget constraints. Individuals are
not randomly assigned quality, and those that choose a high quality care provider might be
more severely ill. Selection bias based on unobserved severity of illness may confound the
estimated relationship between quality received and health outcomes.

Consequently, we estimate the reduced-form determinants of health that relate measures of
health status to long-term constraints. The reduced-form is obtained by substituting the
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determinants of the chosen health behaviors into the production function. The reduced-form
model does not distinguish the pathways through which quality of care affects health. It
captures the combined direct and indirect benefits of quality care rather than solely their
influences on behavioral choices.

2.3. Survey design and data sources
The primary data source is the Indonesian Family Life Survey (IFLS) in 1993 and 1997, which
collected information from a panel of Indonesian households and communities. The sampling
scheme stratified on 13 out of 27 provinces, and 321 enumeration areas were randomly selected
from a nationally representative sampling frame. The response rate was 91% of 7730
households in 1993. The 1997 survey re-interviewed 88% of the 1993 households, plus split-
off households (total of 7629 households). The 13 provinces comprised 83% of the Indonesian
population in 1993. Details of the IFLS are documented elsewhere [33].

This study uses child length as the main dependent variable. Within each household, two
children aged 0–14 years were randomly selected. A trained interviewer recorded recumbent
length or standing height using Shorr portable measuring boards. Parental height, weight and
age were also measured. Weight was taken using the Seca Model 770 scales. In addition to the
anthropometric data, household survey modules collected data about basic demographic
characteristics, education, and consumption. The short consumption module collected data
about household purchases of food, personal and household items, durable goods, and
education.

Both rounds of the IFLS used the same protocol for selecting and interviewing health providers.
Similar to other low-income settings, no complete list of public and private ambulatory care
providers exists from which to draw a sample. Therefore, the sampling frame was generated
from information collected in the household survey about knowledge of health providers in
the community. The selection among eligible providers was based on a random probability
sample with the probability of selection proportionate to the frequency a given location was
mentioned by households. Recognizing that the health market is dynamic, the survey is a panel
of communities rather than facilities, and the data represent the quality available to the same
communities at two points in time. The response rate exceeded 99% in both years; this was
probably attributable to the relatively small number of facilities per community, and up to three
return visits to complete the interview.

The facility survey measured quality by using clinical case scenarios. These scenarios were
administered as interviews with health providers, who responded to a series of questions about
history-taking, physical, diagnostics, and treatment or case management for prenatal and child
care [34]. The facility survey also detailed information about the most qualified staff working
at public facilities, namely MDs, nurses, and midwives. Data about district gross domestic
product (GDP) is taken from the Central Statistical Bureau, which was deflated across regions
and expressed in 1993 Indonesian rupiah values.

2.4. Analysis plan
The analyses are divided into three parts. The first set of analyses examines the relationships
between health staffing and quality of care. The second set analyzes the relationships between
quality of care and child health outcomes. Third, the coefficients generated in the first and
second sets of regressions are used to simulate the impact of changes in staffing on changes in
health outcomes.

In the first set of analyses, we explain variations in quality by the numbers and types of health
staff using multivariate linear regression models. The dependent variable is the quality score,
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which was generated from interviews with health care providers about adherence to clinical
protocols. The responses were coded against evidence-based guidelines [35,36], summed up,
and expressed as the percent of the total for prenatal and child care. The scores are standardized
with a mean of zero and a standard deviation of one.

The key explanatory variables are the numbers of MDs, nurses, and midwives. The number of
MDs is expressed categorically as 0, 1, and 2 or more. For nurses and midwives, the categories
are 0, 1, 2, and 3 or more. None is the omitted category in the regressions. To measure whether
nurses and midwives are substitutes for MDs, two interaction terms are generated. The dummy
variable for “no MD” is interacted with the natural log of the number of nurses and the number
of midwives, and the results are expressed as change in quality with one additional nurse or
midwife from the 1993 baseline where no MD is available.

To address program placement, we exploit knowledge about how the Indonesian Government
allocates health personnel. Throughout the 1990s, the government allocated health staff based
on fixed facility and population criteria by geographic region and inpatient beds [18].
Therefore, the models include community fixed effects, which eliminate from the model and
error terms fixed characteristics that define the allocation of resources in addition to other stable
regional characteristics [37]. If health workers consistently migrate to urban areas or the
national capital, fixed effects also control for this type of migration bias. In addition, the
regressions include the availability of inpatient beds, electricity, and microscope, the type of
facility, and a dummy variable for the second survey wave to control for changes in Indonesia
that affected all communities.

Most communities in this dataset fall within defined areas; therefore, community fixed effects
control for changes that took place within administrative regions. The definition of a
community, however, purported to define a health-seeking catchment area regardless of
administrative boundaries. To take into consideration changes in the definition of communities
over time and communities that crossed administrative boundaries, we present an additional
model with variables representing factors that could affect health worker sorting. These
variables include district GDP, monthly household expenditures, community infrastructure,
and maternal age and education for women who experienced a pregnancy between 1990 and
1997.

The second set of analyses examines the relationships between quality and child length. The
dependent variable is length, expressed in centimeters and as standard deviation units, or z-
scores. z-Scores are derived by subtracting each child’s length from the National Center for
Health Statistics (NCHS) median reference standard and dividing by the standard deviation of
the reference distribution for a given age and sex (ANTHRO software for calculating pediatric
anthropometry, version 1.02, 1999, Centers for Disease Control and WHO). The Indonesian
government employs the same software to prepare its anthropometry estimates nationally.
Moderate and severe stunting is defined as less than 2 and 3 standard deviations below the
reference median. The analyses use cohorts of children less than 36 months of age, given that
they are sensitive to the availability of health resources.

The key explanatory variable is the quality score. The facility scores are matched with
households using information about their choice of public or private clinical setting in the
community. Where more than one public or private provider is available in a given community,
we generated a mean score by clinical setting to match with the household. For those
households that did not report about clinical setting (17%), weights were generated from
community fixed effects regressions using as the dependent variable the choice of public care
controlling for household expenditure quartiles, maternal educational levels, 3-month age
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groups, and a 1997 year dummy variable. From these regressions, we predicted the share of
public utilization.

Control variables in the length regressions were based on the socioeconomic determinants of
linear growth in developing countries, including household socioeconomic status, parental,
and community characteristics [22,38]. They include household wealth as measured by
monthly food and non-food expenditures, maternal education, maternal height, maternal
weight in kilograms, and paternal height in centimeters. A set of 3-month age–sex dummy
variables are included to control for age and sex determinants of length in centimeters and
errors in the reference standard for z-scores. A dummy variable for the second survey round
is also included to control for factors that affected all communities. Regressions are estimated
with fixed effects at community level, which allow us to exploit the community panel to control
for any remaining differences in observed and unobserved fixed characteristics of individuals,
households, and localities that do not change between 1993 and 1997. All analyses were
adjusted for the cluster survey design.

Lastly, we multiply the regression coefficients from the first and second sets of analyses to
estimate the impact of increases in health staffing (MDs, nurses, and midwives) on child length
and stunting. The simulations aim to predict the relationships between increases in qualified
staffing on child length via improvements in the quality of care.

3. Results
Table 1 describes facility characteristics by region and year. Significant declines occurred in
the quality of prenatal and child care between 1993 and 1997, and these declines were greater
in remote areas (OJB, panel A). In example, prenatal care quality scores declined by 12% in
JB and 24% in OJB. Using standardized scores, prenatal care quality declined by 0.34 standard
deviation (SD) units for facilities in JB, and 0.65 SD in OJB. Panel B describes human
resources. In health centers, increases occurred in the number of MDs in JB, while declines
occurred in the number of nurses and midwives. In remote OJB, declines occurred in MDs,
while increases occurred in the number of midwives. The last panel indicates that facility
structural quality and community infrastructure were stable or improved during the same
period.

Approximately 35% of children aged <36 months in the sample were stunted in growth (<2
SD below the reference median). At birth to 3 months, length for age in the sample is close to
the NCHS reference population; thereafter, growth faltering occurs so that, after 18 months,
length for age remains 1.5 standard deviations below the reference median (Fig. 1). This pattern
is consistent with other less developed settings [39].

The number and qualifications of health staff are important predictors of the combined prenatal
and child care quality scores (Table 2). The inclusion of additional socioeconomic control
variables in Model 2 results in slightly more conservative estimates, and the 1997 year dummy
is no longer significant. The largest quality gains can be made by increasing the number of
MDs. Based on the results from the second model, increasing the number of MDs from none
to one and to two more predicts an increase in quality of 0.56 SD and 0.63 SD, respectively.
Increasing the number of nurses from none to three or more also has a significant quality impact
(0.37 SD). Increasing the number of midwives does not predict variations in quality. The
interaction term suggests that midwives are substitutes for MDs. Applying the percentage
change to the baseline, one additional midwife in the absence of a MD predicts a 0.18 SD
increase in quality.

Quality predicts significant increases in child length (Table 3, Models 2 and 3). A one standard
deviation increase in quality predicts a nearly a half centimeter increase in length among

Barber and Gertler Page 6

Health Policy. Author manuscript; available in PMC 2010 February 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



children less than 24 months and 36 months (0.48 and 0.44 cm, respectively). Quality also
predicts a 5.7–4.9 percentage point decline in stunting among children less than 18 and 24
months (Models 4 and 5). At the 10% significance level, quality is associated with length for
the youngest age group (<18 months) as well as reductions in stunting for children <36 months.

Using the results from the first two sets of regressions, the simulations suggest that the largest
gains in length can be made by increasing the number of MDs (Table 4, columns 1–3). Column
2 illustrates the results for length in centimeters among children <24 months. This simulation
suggests that increasing the number of MDs from none to one would result in an increase in
length of 0.27 cm through increases in the quality of prenatal and child care quality. Among
children of the same age group, increasing the number of MDs to two or more is associated
with a 0.30-cm increase in length. Improvements in length could also be made by increasing
the number of nurses to three or more (0.18 cm), and increasing the number of midwives where
no MD is available (0.09 cm).

For the outcome of stunting, the largest gains could be made among children <18 months by
increasing the number of MDs (column 4). Adding one MD where none are available is
associated with a 3.2 percentage point decline in stunting; increasing the number to two or
more is associated with a 3.6 percentage point decline. For children less than 24 months, similar
declines in stunting could be seen for one additional MD and two or more (2.7 and 3.1
percentage points, respectively). Declines in stunting among children less than 24 months of
age could also be made by increasing the number of nurses to three or more (1.8 percentage
points), and adding one midwife where no MD is available (1.0 percentage point).

4. Discussion
This paper exploits the external change imposed by the central government’s zero growth
policy to capture the relationships among health staffing, quality, and child length among
children living in the same communities in 1993 and 1997. We do not aim to estimate the
precise effect of the zero growth policy on quality and health outcomes; nor are data available
to fully explain the determinants of child growth. To control for the non-random allocation of
health resources, we use knowledge about how the government allocates health resources. The
community fixed effects control for factors that were the same to communities, such as the
sanitation environment, and fixed characteristics that determine the deployment and retention
of health resources. Prior research with these data showed that health outcomes are not
associated with staff availability or quantity [19]. We focus on the quality of basic services
with high utilization levels; prenatal care coverage, for example, was 92% among women
reporting about their most recent singleton live birth between 1992 and 1998 [34].

There is little agreement in the literature and across different disciplines about the measurement
of quality and its analytical methods. To measure quality, we use case scenarios that measure
knowledge and clinical decision-making, and control for patient case mix. We are unaware of
studies that validate case scenarios with standardized patients (the gold standard for measuring
practice variation) in low-income settings. In more developed settings, it is inconclusive as to
whether case scenarios predict behavior [40]. Health care providers knew that they were being
studied, which may have provided an incentive to perform well. The scenarios do not
comprehensively evaluate all criteria set forth in international standards. However, they were
developed by Indonesian physicians who identified aspects of basic care that they considered
important in this setting.

National trends in health staffing in Indonesia are described. However, the data used in this
study do not include very remote areas. Personnel data were collected from interviews at health
facilities; information about working hours or absenteeism is unavailable. Government
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estimates of the decline in health staffing as a result of the zero growth policy are higher
compared with the results reported here. These factors suggest that our results may be
conservative. We studied three categories of health workers (MDs, nurses, and midwives);
future analyses could examine the contribution of paraprofessionals.

The results about health staffing are limited to public clinics, and it is possible that declines in
public quality could have been offset by increases in private quality. To evaluate this
empirically, we estimated a series of regressions predicting private quality as a function of
public quality. We find that public quality explains a large proportion of the variation in private
sector quality, consistent with our knowledge that public health care providers practicing off-
hours were the primary source of private ambulatory care. This suggests that the private sector
did not fill in the gap created by the decline in public quality.

This study demonstrates positive associations between the numbers and qualifications of health
workers and the quality of care. MDs in particular appear to provide important capacity as
measured by significantly increased quality; as a result, the simulations suggest that the largest
gains in child length could be made by increasing the number of MDs. However, posting MDs
to health centers has been difficult to implement in practice. The current incentive packages
have been insufficient to attract MDs to fill in the health center staffing gaps, particularly in
the most remote regions of Indonesia.

The importance of a MD probably reflects a higher level of professionalism for physician
training compared with nurses and midwives. MDs provide care directly as well as supervise
and manage activities; the presence of a MD, therefore, could imply a stronger supervisory
role. This could explain why midwives, for example, are not significant predictors of prenatal
and child care quality, even though they are an important source of prenatal care. We find that
increasing the number of midwives in the absence of a MD predicts increases in quality. This
is an important finding in this setting because midwives appear to have replaced MDs in rural
OJB. Taking a long-term approach, supporting professional development among nurses and
midwives are a promising means to improve quality, particularly in remote areas.

5. Conclusions
This paper aims to contribute to a growing body of evidence about health workers and quality
of care in low-income settings. Similar to other countries, deployment of health staff in
Indonesia is based on quantitative facility targets that are not related to quality improvements
or health outcomes. The results suggest that increases in the number of MDs and nurses predict
higher quality care, and that higher quality predicts improved child health. Our simulations
suggest that the largest health gains for young children could be made by increasing the number
of MDs where none are available. The findings here could be relevant for countries that are
examining health worker deployment and qualifications to achieve high quality care and better
health outcomes. These results suggest that the returns to investing in human resources for
health are high.
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Fig. 1.
Length for age z-scores by 3-month age groups, 0–36 months, 1993 and 1997.
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Table 1

Public health facility and socioeconomic characteristics by region, Indonesia, 1993 and 1997.

Characteristics
Java Bali Outer Java Bali

1993 1997 1993 1997

Panel A. Facility quality

 Prenatal care

  Quality scores (raw 1–100) 54.97 48.65*** 49.30 37.29***

  Standardized scores (SD) 0.34 0.00*** 0.03 −0.62***

  % of facilities that offer care 94.9 95.3 89.1 91.9

 Child curative care

  Quality scores (raw 1–100) 65.96 61.24*** 64.70 52.82***

  Standardized scores (SD) 0.17 −0.06*** 0.11 −0.49***

  % of facilities that offer care 98.0 98.6 97.3 97.0

Panel B. Facility staffing

 Health centers

  No MD available (%) 3.35 2.96 8.22 11.77

  Number of MDs 1.39 1.54*** 1.24 1.06***

  Number of nurses 4.75 4.42** 5.51 5.84

  Number of midwives 3.30 2.79*** 2.72 3.21***

 Auxiliary health centers

  Number of nurses 1.03 0.95 1.10 1.15

  Number of midwives 0.76 0.63** 0.60 0.60

Total number of public facilities 612 606 380 309

Panel C. Facility structural quality and socioeconomics

 Electricity available (%) 84.01 93.71*** 66.48 87.48***

 Microscope available (%) 50.96 50.94 38.13 50.22***

 Community infrastructure index 36.72 41.99*** 25.92 32.94***

Notes: Outer Java Bali is the more remote region defined as provinces in Sumatra, Kalimantan, and the Eastern Islands. The community infrastructure
index is measured as the proportion of communities with a formal market, public telephone, post office, predominantly piped drinking water, sewage
waste disposal system, and garbage disposal system. Frequencies adjusted for sampling design.

**
p ≤ 0.05.

***
p ≤ 0.01.
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Table 2

Fixed effects models explaining the contribution of health staffing to variations in the quality of care, public
facilities.

Explanatory variables
Prenatal and child care quality, standard deviation units

1 2

Human resources at facility

 Medical doctors (MDs)

  One 0.593*** [0.204] 0.561*** [0.203]

  Two or more 0.673*** [0.218] 0.631*** [0.218]

 Nurses

  One 0.069 [0.137] 0.086 [0.136]

  Two 0.194 [0.182] 0.201 [0.182]

  Three or more 0.369** [0.185] 0.368** [0.185]

  No MD ×Ln number of nurses −0.009 [0.156] −0.029 [0.155]

 Midwives

  One 0.122 [0.148] 0.112 [0.148]

  Two 0.131 [0.173] 0.119 [0.172]

  Three or more 0.085 [0.174] 0.082 [0.173]

  No MD ×Ln number of
midwives

0.393** [0.197] 0.398** [0.196]

1997 (=1) −0.399** [0.042] −0.153 [0.130]

Socioeconomic controls No Yes

Notes: Coefficients and standard errors reported, n = 1907. The omitted category is “0” for all three categories of human resources. In addition to the
variables shown, all models include facility factors: inpatient beds, electricity, microscope, facility type. Model 2 includes socioeconomic controls
(district GDP, household expenditures, maternal age and education).

**
p ≤ 0.05

***
p ≤ 0.01.
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