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Abstract
India accounts for one in four of the under-five deaths in the world. Almost 300 million
of its people live on less than 25 cents a day. This paper examines the determinants of
child mortality in order to aid development strategies that aim to decrease mortality and
increase human capital. I use a multivariate regression model examine the effect on
child mortality of fertility, female literacy, health expenditure, education expenditures,
GDP growth, per capita income, male literacy and vaccination rates across all 28 states
in India. The majority of data used is from the third National Family Health Survey of
India. The initial results were mixed and further testing shows influences of severe
multicollinearity on the data. Due to the large range in child mortality rates across
states, a dummy variable test examines the variation in two groups of states caused be
either “high” or “low” child mortality.
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CHAPTER I
INTRODUCTION
A quarter of India‟s population lives below the government-defined poverty line
of 10 rupees each day.1 That means in just one country almost 300 million people live on
less than 25 cents a day. With such high poverty comes a high rate of mortality.
In developing countries, mortality is largely determined by communicable
disease. Threats from poor public health include destabilization and negative economic
effects such as reductions in gross domestic product (GDP), decreased worker
productivity, labor shortages and increased worker absenteeism.2 Similarly, child
mortality impacts adult productivity and earnings. Child mortality rate is an important
indicator of a society‟s current health status and socioeconomic welfare. Child mortality
remains more than ten times higher in developing countries than in developed countries.3
Studies on child mortality and education have shown mixed results. Several recent
ones have shown that improvements in mothers‟ educational achievement will
significantly decrease child mortality rates.4 Others show contradictory results such as
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Organization for Economic Development. <www.oecd.org>

2

Andrew Price-Smith (ed.), Plagues and Politics: Infectious Disease and International Policy.
Palgrave Macmillan, 2001.
3

Michael P. Todaro and Stephen C. Smith. Economic Development. Prentice Hall: 2009. 369-430.
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Jann Lay and Anne-Sophie Robilliard, “The Complementarity of MDG Achievements : The
Case of Child Mortality in Sub-Saharan Africa,” The World Bank, Policy Research Working Paper Series:
5062. Sarah Ssewanyana and Stephen D. Younger, “Infant Mortality in Uganda: Determinants, Trends and
the Millennium Development Goals,” Journal of African Economies 17, no. 1 (2008): 34-61.
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continuing high levels of child mortality in rural Punjab despite favorable conditions like
mothers‟ access to education.5
This study uses child mortality rate as a proxy for health status with the goal of
determining whether education is an effective component of development strategies. This
study will examine the relationship between female literacy and child mortality in order
to assist local, state and national governments as well as foreign aid organizations in their
work to reduce child mortality in India.
Education and health influence worker productivity and are fundamental parts of
economic development. While both obviously contribute to individual well-being, health
and education are also forms of human capital. Nobel laureate Theodore Schultz
pioneered the idea of “investment in human capital” in 1961, stating that expenditures on
these would accumulate capital that could later be drawn upon to increase utility by
increasing worker productivity and earnings.6 This idea of human capital investment
increasing productivity and subsequently causing GDP growth inspired much
development work in later years.
Until today, productivity and GDP growth remain the typical centers of
development studies. However, researchers in recent years are increasingly looking at
human development due to potential benefits that may be undervalued by the usual

5

Monica Das Gupta, “Death Clustering, Mothers‟ Education and the Determinants of Child
Mortality in Rural Punjab, India,” Population Studies 44, no. 3 (1990): 489-505.
6

Theodore W. Schultz, “Investment in Human Capital,” The American Economic Review 51, no. 1
(1961): 1-17.
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econometrics. As one study put it, “Schooling has a large number of direct beneficial
effects beyond raising economic output, such as lower child mortality rate.”7
The rate of return on investment in women‟s education is higher than that on
men‟s in most developing countries and has been said to provide one of the highest rates
of return of any type of investment. Benefits include increased productivity and labor
force participation, later marriage, lower fertility and improved child health and
nutrition.8 However, women‟s education levels have lagged behind those of their male
counterparts in most developing countries.
Historically, India has struggled with successfully delivering public goods and
services, including education. This is especially apparent when it is compared to China,
which started reforms around the same time as India. In 1981 adult female literacy in
India was 26%, meaning that 26% of the adult female population could understand, read,
and write a short simple statement about everyday life. Over the next 25 years, India
raised adult female literacy from 26% to 34% (1991) then 48% (2001) then 51% (2006).
Conversely, in 1982 adult female literacy in China was 51%. Over a similar time period,
China raised adult female literacy from 51% to 68% (1990) then 87% (2000) then 91%
(2008).
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Lant Pritchett. “Where has all the Education Gone?” The World Bank Economic Review, (2001).
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Todaro and Smith, 369-430.
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TABLE 1.1
ADULT FEMALE LITERACY

1982 (China)
1981(India)

1990(China)
1991(India)

2000(China)
2001(India)

2008(China)
2006(India)

CHINA

51%

68%

87%

91%

INDIA

26%

34%

48%

51%

SOURCE: The World Bank Data Catalog, <www.data.worldbank.org>

Not only have literacy rates been unequal between countries, but India has also
faced a huge disparity of literacy rates between states. In 1991, the state of Rajasthan had
a 20% female literacy rate while Kerala stood at 86% according to census data.9 India
faces striking variations between states in both social development indicators and
standard economic indicators,10 which is why analysis at the state level is so important.
“Despite the centralised nature of the fiscal system in colonial India, public
education expenditures varied dramatically across regions with the western and southern
provinces spending three to four times as much as the eastern provinces.”11 Historical
differences in land taxes, an important source of provincial revenues, caused much of the
variation from 1891 to 1931. There are other causes of state level differences such as past
institutions that continue to impact present economic outcomes. One study looks at the
impact on local governance and education outcomes of colonial land tenure institutions in
9

Jean Drèze and Amartya Sen. India: Economic Development and Social Opportunity. New
Delhi: Oxford University Press, 1995.
10
11

Ibid.

Latika Chaudhary, “Land revenues, schools and literacy: A historical examination of public and
private funding of education.” Indian Economic Social History Review 47, no. 2. (2010): 179-204.
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northern India and provides micro-level evidence. “Outcomes are worse in villages that
belong to areas with a history of concentration of power with the elites. Such areas
continue to retain a greater political presence of socially and economically dominant
classes.”12
As Bardhan argues, the widely touted “globalization” solution is not the ultimate
answer to poverty reduction at the state or national level because neither integration nor
liberalization has helped most non-income indicators like those of health. India‟s health
indicators are worse than Bangladesh‟s in maternal mortality, infant mortality, child
immunization rates and others. The percentage of underweight children in India is higher
than in most countries in sub-Saharan Africa.13 This study will look at state GDP growth
and per capita income to see if they are in fact insignificant.
Female education may be an effective way to target and reduce child mortality
rates in certain Indian states. However, there is a gap in the research regarding the effect
of maternal education on child mortality between states in India that this study will
address using the most recent available data. I will look at factors affecting child
mortality rate across the 28 states in India, including and especially education.
Regression-based analysis is the most effective way to analyze the impact of education
on mortality. I propose the following multivariate regression equation for this study:
CMRi = b0 + b1FERTi + b2FLITi + b3GROWTHi + b4PCIi + b5HEXPi + b6EEXPi +
b7MLITi + b8VACCi + Ei
12

Priyanka Pandey, “Service Delivery and Corruption in Public Services: How Does History
Matter?” American Economic Journal: Applied Economics 2, no. 3 (2010): 190-204.
13

Pranab Bardhan, “Economic Reforms, Poverty and Inequality in China and India,” in Arguments
for a Better World: Essays in Honor of Amartya Sen. Volume II: Society, Institutions, and Development, ed.
Kaushik Basu and S. M. Ravi Kanbur. Oxford: Oxford University Press, 2008.
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The dependent variable is the under-5 child mortality rate, CMR, the number of
deaths per thousand births for children under five years of age. Independent variables can
be seen in the following table.

TABLE 1.2
DEFINITION OF INDEPENDENT VARIABLES

Variable

Name

Definition

FERT

Fertility

the average number of births per woman

FLIT

Female
Literacy

the percentage of women able to read, write and
understand a simple statement about everyday life14

GROWTH

State GDP
Growth

the percent increase in state GDP growth

PCI

Per Capita
Income

the state income per capita

HEXP

Health
Expenditures

the average state expenditures on medical and public
health and family welfare per capita

EEXP

Education
Expenditures

the state capital outlay on education, sports, art and culture
per capita

MLIT

Male Literacy

the percentage of men able to read, write and understand a
simple statement about everyday life

VACC

Child
Immunizations

the percentage of children who have received all primary
vaccines based on mothers‟ recall and immunization cards

Additional independent variables would be useful to explore if further data becomes
available for a more in-depth study.

14

The World Databank. “World Development Indicators and Global Development Finance.” The
World Bank Group.
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I use data from India‟s third National Family Health Survey (NFHS-3) conducted
in 2005-2006. The NFHS is a large-scale, multi-round survey conducted in a
representative sample of households throughout India. Three rounds of the survey have
been conducted (1992-93, 1998-1999 and 2005-2006). “The survey provides state and
national information for India on fertility, infant and child mortality, the practice of
family planning, maternal and child health, reproductive health, nutrition, anemia,
utilization and quality of health and family planning services.”15
This paper is organized as follows. Chapter II reviews the existing literature and
sets the foundation with relevant theory, focusing on investment and the human capital
approach to growth. Chapter III describes the available data and methodology based on
findings from Chapter II. Chapter IV presents the results. Chapter V discusses
conclusions and implications from the results for future policy.

15

National Family Health Survey. <www.nfhsindia.org>

CHAPTER II
LITERATURE REVIEW
India accounts for one in four of child (under-five) deaths in the world.1 This
study will examine factors affecting the child mortality rate, including and especially
maternal education, across India‟s 28 states. This chapter will review previous literature
on the subject, which justifies the use of child mortality and female education as factors
in this study.
Research thus far has focused mainly on the effects of education and health on
growth. The first section of this chapter will cover investigations into education‟s
influence on growth, which have produced only conflicting results. Poor health has been
proven to have numerous negative effects on growth and development. Health is
important to both GDP growth and increased earnings on the macroeconomic level. It is
also important on the microeconomic level to increased incomes and individual wellbeing.
The second section of this chapter discusses the research done on public or
government health expenditures and mortality that has so far produced mixed results.
Some studies have shown increased spending to have a significant effect on decreasing
mortality, while others, including a prominent study by Filmer and Pritchett, show that
health expenditures explain little to none of the variation in mortality.
1

Sonia Bhalotra, “Spending to Save: State Health Expenditure and Infant Mortality in India.”
Health Economics 16 (2007): 911-928

8

9
The third section of this chapter addresses the use of child mortality rate, an
important socioeconomic indicator, as a proxy for health status. Following that is a
presentation of several other variables that have been shown to be significant influences
on health status, including fertility, vaccination rates and various measures of educational
attainment.
Concluding this chapter is a case study of the Indian state of Kerala that
demonstrates why it is important to discover the determinants of health, such as
education, to successfully target problem areas. The inability to impose plans is often
cited as a common problem of growth models, yet coercive techniques have often
backfired on administrators. On the other hand, voluntary initiatives have seen some
success throughout parts of India and South Asia.
2.1 Endogenous growth model
Along with education, health has been viewed as an input to “human capital”
since Schultz‟s groundbreaking paper in 1961. The idea of human capital is to encompass
all capacities that affect productivity including health, education and job skills training.
Investment in human capital ideally has the same effect on growth as investment in
tangible capital, raising per capita income and promoting growth.2
The idea of health and education as forms of human capital is now widely
accepted, and they are commonly viewed as necessary components of development and
growth. From the time of Adam Smith, many schools of thought have identified capital
accumulation as the engine of economic growth. “The tradition assumes that the

2

Yujiro Hayami and Yoshihisa Godo, Development Economics: From the Poverty to the Wealth
of Nations, Oxford University Press, 2005.

10
mechanism of achieving a high rate of capital accumulation is inherent in capitalistic
market economies.” Supporting this mechanism of capital accumulation will allow high
economic growth and includes both limiting conspicuous consumption and increasing
investment.3 Smith considered only physical capital, but he considered capital stock
“critically important” in his Wealth of Nations. The idea of investment in “useful and
productive” activities to promote growth was an integral part of his theory.4
Modern growth has challenged the conventional view of physical capital
accumulation as the engine of growth. The neoclassical Solow growth model, developed
in the 1950s, is considered “the preeminent framework” used in modern economic
growth theory. It predicts that long-run improvements in the standard of living are
generated by technological progress. While the model acknowledges the importance of
capital accumulation, it relies on exogenous increases in total factor productivity (TFP),
such as technological change, to increase growth. It is a variable proportions production
function that utilizes constant returns to scale. The Solow model defines output per
worker as a function of capital per worker.5 It relies on TFP changes for growth, but has
no way to explain the activities behind any increases.
Branching off from the traditional Solow model, Paul Romer and Robert Lucas
were among a number of economists who created endogenous growth models with
increasing returns to scale that do not rely on exogenous technological changes for

3

Yujiro Hayami and Yoshihisa Godo, Development Economics: From the Poverty to the Wealth
of Nations, Oxford University Press, 2005.
4

Ibid.

5

Stephen D. Williamson. Macroeconomics. Pearson Education, 2008.
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increased growth.6 An important implication of increasing returns to scale is a larger
impact of physical and human capital. In additions, positive externalities from
investments in capital may affect the greater economy, such as with Henry Ford‟s
development of the assembly line.7
Romer and Lucas‟ new models include increasing returns to scale, yet retain
similarities to several traditional theories and models. Their models have the same
formula as the Harrod-Domar model, but also include intangible capital such as human
capital. Romer and Lucas‟ models are similar to Marx‟s model in that capital
accumulation and technological progress are inseparable. They are similar to List‟s model
in that activities in one firm have positive externalities that benefit entire industries, and
they are strongly based on Smith‟s idea that capital accumulation leads to improvements
in economic efficiency.
Endogenous growth models appeal intuitively because of the emphasis on the
importance of investments in human capital and the benefits of technology transfer in
developing countries. However, they are still strongly debated because the Solow model
is able to capture the majority of variation in growth rates across countries without the
additional variables and assumptions. As previously mentioned, endogenous models
suggest that the influence of both physical and human capital is greater than in the Solow
model, due to the assumption of increasing returns to scale. Another important aspect of
endogenous models is that economies do not necessarily reach a steady-state level. This

6
7

Hayami and Godo, 182.

Dwight H. Perkins, Steven Radelet, Donald R. Snodgrass, Malcolm Gillis and Michael Roemer,
Economics of Development, W. W. Norton & Company, 2001.
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allows these models to explain the observation that many countries continue to grow their
per capita incomes without relying on exogenous technological change.8
The following endogenous growth model is a simplification of Robert Lucas‟
model presented in 1988.9 The consumer budget constraint is:
C = wuHs
It is assumed that consumers do not save, so consumption (C) is equal to total labor
earnings. Labor earnings are wage (w), time devoted to working (u) and initial units of
human capital (Hs). Given this, the equation for human capital accumulation is:
Hs‟ = b(1-u) Hs
(1-u) is the time devoted to education, and b is the parameter greater than zero that
captures the efficiency of human capital accumulation. Ideally, b should be greater than 1,
representing the idea that the greater the initial level of skills or education, the easier it
will be to accumulate additional skills and education.10
For the firm the original production function is:
Y = zuHd
z is the marginal product of efficiency units of labor and uHd is the current input of
efficiency units of labor into production. Markets clear at a real wage w = z, and market
clearing means Hs = Hd = H. Substituting this into the consumer human capital equation
gives the competitive equilibrium equation:
H‟ = b(1-u)H or H‟/H = b(1-u)

8

Ibid.

9

Williamson, 236-241.

10

Ibid.
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According to this equation, the growth rate of human capital increases if b increases or u
decreases. Growth increases when efficiency of human capital technology increases and
when time devoted to working decreases. Further substitution shows that the growth rate
of consumption is identical to the growth rate of human capital.11
In this model, there is no population growth because there is a single
representative consumer. Output is equal to consumption, and the growth rate is
determined by b and u, the efficiency of human capital accumulation and the time
devoted to working. Unbounded growth is possible because the initial production
function (Y = zuHd) has constant returns to scale, meaning the marginal product of
human capital does not fall as human capital increases. This is because knowledge and
skills are considered nonrivalrous. In contrast, the Solow model limits growth through the
decreasing marginal product of physical capital.12 The lack of both resources and ability
to impose plans is often cited as a common problem of real world applications of all
growth models.
2.2 Education and development
Health and education are important for both individuals and overall development.
Drèze and Sen outline five distinct values: intrinsic importance, instrumental personal
roles, instrumental societal roles, instrumental process roles, empowerment and

11

Ibid.

12

Ibid.
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distributive roles. The expansion of health and education “can have influences that go
much beyond the immediate personal effects.”13
There is intrinsic value in being educated and healthy. They are important
achievements, and opportunity to have them directly affect a person‟s freedom. Health
and education have instrumental personal roles because they allow a person so do
valuable tasks such as getting a job. They have instrumental social roles because they
“can facilitate public discussion of social needs and encourage informed collective
demands (e.g. for health care and social security).”14 Education in particular has an
instrumental process role. The expansion of formal education reduces the incidence of
child labor, a very prevalent problem in many developing countries. Schooling also
encourages connections and broadens young peoples‟ horizons, which “can be
particularly important for young girls” in a society with great inequality in male and
female status. Finally, health and education are valuable for their empowerment and
distributive roles. They help disadvantaged groups to resist oppression and organize
politically. This is true not only for large cultural groups but also for households and
individuals within a family. There is evidence that better female education contributes to
the reduction of gender-based inequalities.15
All of these effects on the person who receives education or health care may also
work be spread to others. For example, one person can use his or her education to read a
pamphlet to another or bring political attention to a community need. “Through these
13

Jean Drèze and Amartya Sen, India: Economic Development and Social Opportunity. New
Delhi: Oxford University Press, 1995.
14

Drèze and Sen, 14-15.

15

Ibid.
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various interconnections, education and health can be variables of great strategic
important in the process of economic development.”16
There have been a few studies of education and child mortality in India, and one
study that looked at education and health showed that education has strong economic
implications. In this study Roberts argues, “Education yields the highest economic
benefits where there are pro-growth policies and effective demand for educated
manpower.”17 Looking at this connection between education and growth is a popular
topic, something that is apparent in the far greater number of studies on GDP growth and
education or health.
Research on influences of education on growth and development has extremely
conflicting results.18 It is “well recognized” that investment in human capital [education]
promotes economic growth.19 At the same time, “Microeconomic studies repeatedly
confirm the positive impact of education on economic performance... However, the
growth literature...finds that education has low explanatory power.”20 Roberts says that
this micro-macro paradox is partially explained by differences in the quality of education
and by inequality in its distribution, something with which India has struggled, as
previously noted. State planning in India has tended to view economic reforms for
development as separate from social policies such as programs for basic education or
16

Ibid.

17

John Roberts, “Poverty Reduction Outcomes in Education and Health: Public Expenditure and
Aid.” Overseas Development Institute Working Paper, (2003): 13.
18

Stephen J. Turnovsky, “The Composition of Foreign Aid: Consequences for Economic Growth
and Welfare,” Journal of International Affairs 58, no. 2 (2005): 129-159.
19

William Easterly. The Elusive Quest for Growth: Economists’ Adventures and Misadventures in
the Tropics. MIT Press, 2001.
20

Roberts, vii.

16
vaccinations,21 although a number of studies presented in this chapter clearly show a
connection between social progress and economic development.
2.3 Health and development
Aside from humanitarian concern for individual well-being, health and mortality
have huge potential economic impacts. Research on influences from health on growth
and development has been more straightforward than that on influences from education
on growth and development.
Externalities in morbidity, preventative care and curative treatment are important
to development for both personal and interpersonal reasons.22 Negative effects of poor
health on development include the loss of foreign capital investment, decreased worker
productivity, increased cost of worker training and social programs, destabilization,
reduced GDP, labor shortages and increased worker absenteeism.23
In developing countries, communicable disease dominates factors of mortality.
Only eight percent of mortality in industrialized countries is attributable to communicable
disease, while the figure rises to 56 percent in developing countries.24 It is this
uncontrolled infectious disease that leads to the loss of foreign capital investment. This
loss is caused by a drop in worker productivity as well as increased worker training and

21

Drèze and Sen, 14.

22

Drèze and Sen, 15.

23

Andrew Price-Smith (ed.), Plagues and Politics: Infectious Disease and International Policy.
Palgrave Macmillan, 2001.
24

Christopher Murray and Alan Lopez, “Global Mortality, Disability, and the Contribution of
Risk Factors: Global Burden of Disease Study,” Lancet 349, no. 9063 (1997): 1436-1442.
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health costs.25 Diseases cause negative social and economic effects through low
productivity and the use of valuable resources needed for social programs. Price-Smith
argues that this “may in turn generate increased governance problems.”26
Price-Smith provides historical examples including Thucydides‟ account of “the
plague” that led to the death of Pericles and the defeat of Athens, as well as Machiavelli‟s
account of the Black Death and its destruction of governance in Florence.27 He also gives
modern day examples involving SARS (severe acute respiratory syndrome) in China and
HIV/AIDS (human immunodeficiency virus/acquired immunodeficiency syndrome).
“The SARS epidemic of 2002-03 certainly had the biological potential to evolve into a
security threat, and that potential was perceived by China‟s political elites.”28 Price-Smith
was one of several people who analyzed the security threat of infectious disease, in
particular HIV/AIDS, which is a significant factor in both China and throughout India.
Elbe presented a strong argument that sub-Saharan military forces were deliberately
transmitting HIV through war-rape. Singer showed that AIDS multiplies the impact of
war along with increasing the risks.29 Ostergard argued that Westerners need to be less
ethnocentric, and they need to realize that infectious diseases are already a significant
threat to many developing states.

25

Andrew Price-Smith (ed.), Plagues and Politics: Infectious Disease and International Policy.
Palgrave Macmillan, 2001.
26

Ibid.

27

Andrew T. Price-Smith, Contagion and Chaos: Disease, Ecology, and National Security in the
Era of Globalization. MIT Press, 2009.
28

Ibid.
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Ibid.
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These and many other studies are based on both macroeconomic and
microeconomic theory. Theory suggests that health is important on the macro level to
GDP growth and increased earnings. On the micro level, health is important for
increasing incomes and individual well-being. Health is usually measured by morbidity
(sickness) or mortality (deaths) statistics, and may function as either a public or private
good.
From a macro viewpoint, health serves as a public good that is neither excludable
nor rival in consumption. This means that an increase in one person‟s health does not
reduce another‟s ability to increase his or her health. This is because health is available to
everyone and potentially infinite, with no relation to investment. Health is an integral part
of many modern growth arguments, and is in fact a “prerequisite” for productivity
increases.30
Health is important to both growth and earnings for several reasons. First, as
previously noted, poor health means a lower quality of human resources due to factors
including destabilization, labor shortages and increased absenteeism. Second, long-term
benefits for future productivity growth come directly from children who are able to grow
into healthy workers. Third, greater child health means greater opportunity for education
and the learning of productive skills, leading to increased productivity and the potential
for technological innovation. Lastly, along with improving the quality of human
resources, better health expands the quantity of human resources by lengthening expected

30

Todaro and Smith. Economic Development. Addison-Wesley, 2008.

19
working life.31 Quantitatively measuring the benefits of investment in health is nearly
impossible due to problems quantifying and empirically verifying the returns.
On the micro side, health operates as a private good that is both excludable and
rival in consumption. This is because health and education are viewed as an input to
human capital. Investment in human capital should have the same effects on growth as
investment in physical capital, raising per capita income and promoting growth.32 From
the micro viewpoint, health is a private good because it involves investment into one
individual that can no longer be invested in a different individual. Greater health capital
may improve the return to investment in education, while greater education capital may
improve the return to investments on health at the same time.33 Rate of returns are
calculated by estimating the present discounted value of the higher future income stream
(after investment) and comparing to direct and indirect costs.34
The investment activities of one firm have positive externalities that benefit entire
industries. These externalities lead to greater efficiency and benefits for the whole
economy. Health expenditures, or investment in human capital, improve the quality and
quantity of human resources as discussed earlier. There are also “multiplier” effects and
an increase in the availability or productivity of nonhuman resources. An historical
example of this can be seen in Latin America. After infectious diseases were brought

31

Perkins, Radelet, Snodgrass, Gillis and Roemer, 79.

32

Hayami and Godo, 123.

33

Ibid.

34

Ibid.
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under control, people and businesses gained new access to land that was previously
unusable due to rampant diseases like malaria or yellow fever.35
2.4 Public health expenditures and mortality
Public or government health expenditures are a popular factor when looking at
impacts on all levels of mortality. A recent study by Farahani, Subramanian and Canning
analyzes public health expenditures and mortality in India. Their study uses the second
National Family Health Survey (NFHS-2) to estimate the effect of state-level public
health spending on mortality across all age groups, controlling for individual, household,
and state-level covariates. The authors also included state-level data on government
health spending, average household spending on health care and state gross income. Their
results showed that a 2% decrease in the average probability of death could be achieved
by a 10% increase in public spending on health in India, with effects mainly on the
young, the elderly, and women.36
Previous studies on the same subject have been inconclusive. One study using
Indian state panel data for 1980-1999 found no significant effect of current health
expenditures on mortality rates once state fixed effects and a linear time trend were
included.37 Another study by Bhalotra restricted the sample to only rural households,
allowed for time-lagged effects, controlled for time-varying unobservables (such as
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medical technological progress) and found a significant effect of health expenditures on
infant mortality rates.38
Both of these previous studies were shaped by an influential study by Filmer and
Pritchett in 1999 that examined the effects of government health expenditures on infant
and child mortality using cross-sectional data on 98 developing countries in 1992/1993.39
Filmer and Pritchett found that government health expenditures explained only oneseventh of 1% of the variation in mortality. However, the following five factors explained
95% of the cross-national variation in mortality: a country‟s income per capita, inequality
of income distribution, extent of female education, level of ethnic fragmentation, and
predominant religion.40
2.5 Dependent Variable
Child mortality is an important indicator of current socioeconomic welfare. As
discussed with relation to macro theory, the health of children “conditions the subsequent
intelligence, health and nutrition status of adults.”41 Because of this conditioning, child
mortality has both direct and indirect, long-run impacts on adult productivity and
earnings.
While the infant mortality rate is commonly used to design health programs, this
study uses the child mortality rate because it is arguably superior to alternative measures
as a general measure of health status including infant mortality. Child and infant
38
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mortality rates are generally regarded as sensitive indicators of the availability, utilization
and effectiveness of health care, but moderate to low levels of infant mortality are
dominated by peri-natal mortality and fail to capture mortality from many of the health
conditions that are potentially responsive to increased health care.42 The peri-natal
mortality rate is defined as the number of stillbirths and deaths in the first week of life per
1,000 live births.
There are some difficulties with measuring child mortality, but it has lesser
problems than other health indicators such as life expectancy or measures of morbidity.
Many countries use extrapolations of child mortality and assumptions about countries‟
characteristic life tables to provide life expectancy data. Comprehensive data is available
for measures of health status that include morbidity (e.g. Quality Adjusted Life Years or
Disability Adjusted Life Years), but “the data are even less solidly based for crossnational comparisons.”43
2.6 Independent variables
Several factors have been shown to be determinants of child mortality in previous
research. Filmer and Pritchett showed female education specifically to be significant in
the 1990s, but overall literacy as a major determinant of health status in developing
countries appeared in the literature as early as the 1970s.44 Their study looked at
determinants of child mortality, health and nutrition in Nicaragua showed that education
had positive associations, except in relatively low-income rural areas. Income, a factor
42
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commonly assumed to be important, was not significant.45 A disaggregated analysis of
the determinants of Turkey‟s Infant Mortality Rate also showed education to be a
significant determinant in both rural and urban mortality models.46 Looking at education
as a supply-side factor of the production function has only produced inconclusive
studies,47 but parental education or income can affect child mortality through factors like
the number of siblings or the access to vaccines.48
Caldwell‟s groundbreaking paper published in 1979 examined education as a
factor in mortality decline, finding maternal education the single most powerful
determinant of child mortality in Nigeria.49 This contradicted the common assumption
that maternal education was merely a reflection of the general standard of living and
inspired a body of literature that argued that children of educated mothers experience
lower mortality than children of uneducated mothers.50
Still, some argue that there is a lack of conclusive evidence to support the idea
that the correlation between maternal education and child health is causal. A crosscountry study examined the effect of maternal education on infant mortality, children‟s
height-for-age, and immunization status for 22 developing countries. The study found the
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link between maternal education and general child health markers to be weaker than
commonly believed, and, with several levels of controls added, maternal education only
had a statistically significant impact on infant mortality in a few countries.51 India was
not one of the countries included in the study.
A similar study examined the influence of female literacy on the reduction of
infant mortality specifically through the use of maternal and child health services across
states in India using state-level data from the National Family Health Survey in 1992 and
micro-level data on mothers in Maharashtra. States were grouped into “worst,” “medium”
and “best” due to the huge inequalities between states. The grouping of the “worst” states
had a female literacy rate of 25% and an infant mortality rate of 90.99 deaths per 1,000
live births, while the grouping of the “best” states had female literacy at 89% with infant
mortality at 24. Female literacy showed a strong association with infant mortality rate and
regression coefficients suggested that there would be 12.5 fewer deaths per thousand with
each 10% increase in female literacy. The study “supported all major findings obtained
for the national-level aggregate data” and determined that programs like those that
provide free education to girls “will yield long-term health benefits.”52
In addition, male literacy was shown to be significant in states with very low
female literacy, suggesting that targeting males in those areas that may have an antifemale bias will still help reduce infant mortality.53 Other authors have also stressed the
importance of the education of both parents in reducing infant and child mortality.54
51

Ibid.

52

Medha Gokhale, Shobha Rao and Varsha Garole, “Infant Mortality in India: Use of Maternal
and Child Health Services in Relation to Literacy Status,” Journal of Health, Population and Nutrition 20,
no. 2 (2002): 138-147.
53

Ibid.

25
Several recent studies have shown that improvements in mothers‟ educational
achievement specifically will significantly decrease child mortality rates.55 Ssewanyana
and Younger looked at determinants of infant mortality in Uganda and constructed a
national time series over 25 years that showed most significantly that increasing
vaccination rates to 100% would have the largest impact, reducing infant mortality by 14
deaths per thousand births by 2015. Ensuring 100% primary graduation rates for females
would reduce IMR by 9 deaths per thousand.56
Also emphasizing the importance of vaccines and female education is the new
paper by Klaauw and Wang.57 They constructed a flexible duration model estimated
using NFHS-2 data. The model allows for differential age impacts, an important factor
when comparing different studies that may use neonatal, infant, child or adult mortality.
The authors focused on rural areas and found that child mortality at all ages can be
reduced significantly by improving mother‟s education, an especially prominent effect
after the first month.58
Disparities between states have created difficulties for many researchers during
analysis, as in the study by Gokhale, Rao and Garole that had to group states into “best,”
“middle” and “worst.” Klaauw and Wang found “significant differences” in mortality
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rates between states, even after controlling for socioeconomic differences between
households. Because of the importance of public health expenditures for reducing child
and infant mortality discussed earlier, the authors decomposed the state-level fixed
effects. They found that child mortality is negatively associated with both schooling
expenditures and female immunizations.59
Additionally, Klauuw and Wang found that parental educational attainment is
another important determinant of child mortality. While the effect is stronger on the
maternal side, child mortality is significantly lower when parents have finished primary
education. The impact increases with the age of the child. If all mothers finished primary
education, 27.8 of under-five deaths per thousand births “could be averted compared to
the counterfactual where no mother would finish primary education.”60
Several studies have shown infant mortality rate to be significantly affected by
both fertility rate and female literacy.61 Many studies on human capital in both
developed and developing countries suggest that there is a quality-quantity trade-off for
children, meaning lower fertility leads to improved child health.62
2.7 Case Study: Coercive family planning
Another reason to use education and other targeted initiatives to improve health is
that coercive techniques like coercive family planning and the one-child-policy in China
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has been proven to have “seriously unfavorable consequences.”63 Aside from problems
with violation of reproductive rights, coercion has an adverse impact on infant mortality
that is most evident in female infant mortality in countries with an anti-female bias, such
as China, according to Nobel Laureate Amartya Sen.64
The Indian state of Kerala a useful illustration that is often used as an example of
what can be achieved through effective social, political, and economic initiatives. Kerala
has the highest literacy rate in all of India and also the lowest child mortality rate. It was
named the least corrupt state in a 2005 survey.65
Kerala‟s voluntary lowering of birth and fertility rates has brought infant
mortality rate down to 16 deaths per thousand live births for girls and 17 per thousand
live births for boys. This is far lower than China‟s 33 for girls and 28 for boys, even
though Kerala had similar statistics to China in 1979 when the Chinese government
implemented the one-child policy. Kerala also has no tendency for sex-selective abortions
of female fetuses that is clearly seen in China. In 1979, Kerala had a fertility rate of 3.0
births per woman compared to China‟s 2.8 births. By 1991, Kerala‟s fertility rate had
dropped to 1.8, which was a far greater drop than China‟s lowering of fertility to 2.0
births. Kerala‟s literacy, especially female literacy is higher than every single province in
China.66
Kerala is not the only Indian state to have exhibited this voluntary behavior.
Tamil Nadu, with a cooperative family planning program dropped the fertility rate from
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3.5 in 1979 to 2.2 in 1991. Kerala and Tamil Nadu enjoy the highest literacy and female
employment rates in the country. Other states such as Uttar Pradesh, Bihar and Rajasthan
in the northern heartland have drastically lower levels of female education and general
health care. Fertility rates range from 4.4 to 5.1 births per woman. These states also
employ heavy-handed family planning methods including coercion.67
Bangladesh cut its fertility rate from a massive 6.1 in 1980 to 3.4 in 1996 through
voluntary family planning and the increased availability of both knowledge and birth
control facilities. This disproves the popular belief that people in developing countries
will not voluntarily take up family planning, an important implication for both China and
India.68
These examples show that multiple times throughout history, cooperation has
been far superior to coercion in improving health. Places with high levels of female
education enjoy low infant mortality, lower fertility and greater health in general. Places
with coercive reproductive restrictions have shown slower improvement, and in some
cases coercive measures actually caused the birthrate to stagnate for long periods of
time.69
Better knowledge of the determinants of child mortality and the effectiveness of
increasing certain variables such as female literacy may help policymakers with their
future decisions. The following chapter presents the data and methods of this study.
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CHAPTER III
DATA AND METHODS
I initiated this study with the goal of determining whether education is an
effective component of the many development strategies that are based on improving
health status. This study will examine the determinants of child mortality, with the aim
of assisting non-governmental organizations (NGOs) working to reduce child mortality
in India as well as the Indian government at the local, state and national level.
This chapter discusses the datasets available to empirically test the ideas
presented in the previous chapter. This study uses the newest survey results (NFHS-3)
that were considerably expanded from the previous survey (NFHS-2), which has been
used for several studies. This chapter goes on to define both the model and expected
results based on prior research.
3.1 Data Sources
The data selected for fertility (FERT), female literacy (FLIT), male literacy
(MLIT) and child vaccinations (VACC) is from India‟s third National Family Health
Survey (NFHS-3). As previously noted, the NFHS is a large-scale, multi-round survey
conducted in a representative sample of households throughout India. It provides state
and national level data on indicators including fertility, infant and child mortality, the
practice of family planning, maternal and child health, reproductive health and
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nutrition.1 Datasets are available through the Demographic and Health Surveys‟ online
resources after applying for permission.
Previous studies have used NFHS-1 (1992-93) and NFHS-2 (1998-1999) data.
Farahani, Subramanian and Canning analyzed public health expenditures and mortality
in India using NFHS-2.2 Klaauw and Wang stressed the importance of vaccines and
female education, using NFHS-2 data.3 Gokhale, Rao and Garole also used NFHS-2
data to examine the influence of female literacy on the reduction of infant mortality,
specifically through the use of maternal and child health services across states in India. 4
For most social indicators in this study, I use datasets from the most recent survey,
NFHS-3, conducted in 2005-2006.
The NFHS has expanded each successive round of the survey to enhance it‟s
ability “to provide essential data on health and family welfare needed by the Ministry of
Health and Family Welfare and other agencies for policy and programme purposes.” It
also aims “to provide information on important emerging health and family welfare
issues.”5 Unlike its predecessors, NFHS-3 provides information on men and unmarried
women. The NFHS-3 fieldwork was conducted by 18 research organizations between
December 2005 and August 2006.6 NFHS interviewed 124,385 female respondents
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aged 15-49. There were 74,369 male respondents aged 15-54 and 109,041 households.7
In contrast, the NFHS-2 data that has been used in several studies is based on only
89,199 interviews with “ever married” women aged 15-49 and 91,196 household
surveys. NFHS-1 interviewed similar numbers of women.
The data selected for education expenditures (EEXP) and health expenditures is
from the Reserve Bank of India (RBI). RBI provided the economic variable data sets for
capital outlay on education, sports, art and culture as well as average expenditures per
capita on health over three years. The RBI is the Indian central bank.8 State populations
used to calculate education expenditures came from the 2001 Census.
Percent change of growth over the previous year (GROWTH) and per capita
income (PCI) data was obtained through the Directorate of Economics & Statistics of
respective State Governments and the web-based encyclopedia Wikipedia,
respectively.9
The 28 states analyzed in this study are all of the current states of India. They
are listed by region in the following table. The seven union territories were not included
due to a lack of available data for the regions.
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TABLE 3.1
INDIA‟S STATES BY REGION
REGION

STATES
Haryana, Himachal Pradesh, Jammu & Kashmir, Punjab, Rajasthan,

North
Uttarakhand (formerly Uttaranchal)
Central

Madhya Pradesh, Chhattisgarh, Uttar Pradesh.

East

Bihar, Jharkhand, Orissa, West Bengal
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland,

Northeast
Sikkim, Tripura
West

Goa, Gujarat, Maharashtra

South

Andhra Pradesh, Karnataka, Kerala, Tamil Nadu

SOURCE: “Characteristics of Survey Respondents,” in NFHS-3 National Reports, Volume I.
National Family Health Survey, India. <www.nfhsindia.org>.

3.2 Methodological approach
This study aims to provide evidence that addresses a gap in the research
regarding the effect of female education on child mortality between states in India,
using the most recent available data. I will use cross-sectional regression to look at
factors affecting child mortality rates across the 28 states in India.
Working at the state level provides a level of detail that cannot be discovered at
the national or cross-national level. Previous studies have shown large divergences in

33
indicators between Indian states.10 This reflects the diversity of culture, religion and
practices present in the various states, something that must always be taken into account
in order to accurately represent real world situations.
Regression-based analysis is the most effective way to analyze the determinants
of under-five mortality. This study will use a multivariate regression model to
determine the strength of child mortality determinants across states in India. This study
uses the following multivariate regression equation:
CMRi = b0 + b1FERTi + b2FLITi + b3GROWTHi + b4PCIi + b5HEXPi + b6EEXPi +
b7MLITi + b8VACCi + Ei
The variables in this model were chosen based on significant factors found in
the previous studies discussed in Chapter II. Based on these previous studies, fertility
(FERT) should have a positive coefficient. Female literacy (FLIT), male literacy
(MLIT), child immunizations (VACC) and expenditures on health (HEXP) should all
have negative coefficients according to previous research. Expenditures on education
(EEXP) is also predicted to have a negative coefficient based on the inverse relationship
between under-five mortality and various educational attainment measures. Research
shows that child mortality rates decrease when graduation rates or number of years of
education increase. State GDP growth (GROWTH) and per capita income (PCI) are
predicted to not be a significant factor. Table 3.2 shows how each variable is measured.
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TABLE 3.2
FORMULAS FOR VARIABLES

Variable

Name

Time Span

Formula

CMR

Child Mortality
Rate

2005-2006

FERT

Fertility

2005-2006

FLIT

Female Literacy

2005-2006

GROWTH

State GDP
Growth

2002-2003

PCI

Per Capita Income

2005-2006

= state income/state population

HEXP

Per Capita Health
Expenditures

2002-2005

= state expenditures on medical and
public health and family welfare/state
population

EEXP

Per Capita
Education
Expenditures

2002-2003

= state expenditure on education,
sports, art and culture/state population

MLIT

Male Literacy

2005-2006

VACC

Vaccination
Status

2005-2006

= number of under-five child
deaths/1,000 live births
= births per women 15-49/number of
women 15-49
= number of literate women 1549/women 15-49
= % current GDP growth - % previous
year GDP growth

= number of literate men 15-49/men
15-49
= number of children 12-23 months
who have received all primary
vaccinations/number of children 12-23
months

SOURCE: “Characteristics of Survey Respondents,” in NFHS-3 National Reports, Volume I.
National Family Health Survey, India. <www.nfhsindia.org>. Measure DHS STATcompiler,
<www.statcompiler.com>. “Gross State GDP at Current Prices,” Directorate of Economics & Statistics of
respective State Governments. “List of Indian states by GDP,” Wikipedia,
<http://en.wikipedia.org/wiki/List_of_Indian_states_by_GDP>. “The Handbook of Statistics on the
Indian Economy,” Reserve Bank of India. General Population Tables, Office of the Registrar General and
Census Commissioner, <www.censusindia.gov.in>. “Child Health,” in NFHS-3 National Reports,
Volume I. National Family Health Survey, India. <www.nfhsindia.org>.

3.3 Data Details
Data is from 2005-2006, except for education expenditure and state GDP growth
from 2002-2003, as well as health expenditure data that is the average from 2002-2005.
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A two-year time lag for the expenditure and growth variables allows time for effects of
an increase or decrease to be seen in other socio-economic factors like the under-five
child mortality rate, as benefits are not usually seen immediately in a society or
economy.
Fertility rates are for the time period 1-36 months preceding the survey for
women aged 15-49. Rates for respondents in the 45-49 age group may be slightly biased
due to truncation.11 The total fertility rate, used in this study, is expressed as births per
woman. Two other common forms of measurement are: general fertility rate (births
divided by number of women 15-49), expressed per 1,000 women and crude birth rate,
expressed per 1,000 people in the general population.
In both previous surveys, NFHS-1 and NFHS-2, literacy was based solely on
self-reported literacy. In NFHS-3 respondents who had not completed at least standard
six were given a literacy test. Each respondent who had not completed standard six was
given a card containing pre-printed sentences in all the major languages in the state and
asked to read a sentence. Visually impaired persons were excluded from the test. In a
small number of cases, an individual could not be tested because there was no sentence
in the required language.12
Female literacy status could not be determined for 0.4 percent of women,
ranging from 0.1 percent in several states to 2.9 percent in Manipur. Male literacy status
could not be determined for 0.3 percent of men. Literacy status is sometimes defined as,
“the total percentage of the population of an area at a particular time aged seven years
11
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or above who can read and write with understanding.”13 More commonly, literacy rates
are for adults 15 and above. This survey collected data for men and women age 15-49.
State GDP growth data is from 2002-2003. It is measured as percent growth
change from the previous year‟s growth due to available data. Per capita income for
2005-2006 is state income divided by state population.
In this study, health expenditures are measured an average spent per capita in
rupees from 2002-2005 due to available data. Education expenditures are measured per
capita using social service capital outlay on education, sports, art and culture in 20022003. This was multiplied by 100,000 to convert lakh rupees to rupees and divided by
state population according to the 2001 Census.
NFHS-3 collected information on vaccination coverage for all living children
born in the five years preceding the survey. According to the guidelines developed by
the World Health Organization, children are considered fully vaccinated when they
have received a vaccination against tuberculosis (BCG), three doses of the diphtheria,
whooping cough (pertussis), and tetanus (DPT) vaccine; three doses of the poliomyelitis
(polio) vaccine; and one dose of the measles vaccine by the age of 12 months. Universal
immunization of children against these six vaccine-preventable diseases “is crucial to
reducing infant and child mortality.”14
Both international and Government of India guidelines specify that children
should be fully vaccinated by the time they complete their first year of life, which is
why this data uses percentages of all children age 12-23 months who received specific
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vaccinations at any time before the interview and before 12 months of age. This was
calculated according to whether a vaccination card was shown to the interviewer or the
mother was the source of all vaccination information.
NFHS-3 asked mothers in India whether they had a vaccination card for each
child born since January 2000 (in states which began fieldwork in 2005) or since
January 2001 (in states which began fieldwork in 2006). If a card was available, the
interviewer was required to carefully copy the day, month, and year that each
vaccination was received. For vaccinations not recorded on the card or if the mother
could not show the vaccination card, the mother‟s report of vaccinations was accepted.

TABLE 3.3
DESCRIPTIVE STATISTICS

Variable

Mean

Median

Maximum

Minimum

Std. Dev.

CMR

71.06429

70.10000

112.4000

19.50000

25.48002

FERT

2.603571

2.400000

4.000000

1.800000

0.666379

FLIT

62.13214

63.40000

94.00000

36.20000

15.70174

HEXP

301.0843

193.7250

898.5600

71.18000

234.5927

EEXP

83.67932

10.04390

672.6437

0.412162

173.7304

GROWTH

9.048571

9.630000

16.64000

-3.510000

4.479014

PCI

33383.64

29112.00

92010.00

9614.000

16478.87

MLIT

80.48214

78.50000

95.50000

68.50000

7.725622

VACC

50.50000

49.20000

80.90000

21.00000

17.56562
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The dependent variable, child mortality, has a mean of 71.1, a median of 70.1
and a standard deviation of 25.5. The maximum value is 112.4 for Jharkand and the
minimum is 19.5 for Kerala. This large range means that some states are in drastically
different stages of social development than others. When this occurs, the impact of
certain variables may differ between groups.
To address this, an additional dummy variable test will compare coefficients of
one group of states containing the highest child mortality rates to a second group with
the lowest child mortality rates. Group 1 consists of 13 states with child mortality
ranging from 112.4 to 73.4 deaths per 1,000 live births. Group 2 consists of 15 states
with child mortality ranging from 70.1 to 19.5 deaths per 1,000 live births. The
breakdown of states in each group can be seen in the following Table 3.4.
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TABLE 3.4
DUMMY VARIABLE TEST GROUPS
Group 1 (high)

CMR

Group 2 (low)

CMR

Jharkhand

112.4

Uttarakhand

70.1

Uttar Pradesh

112.3

Nagaland

70.1

Madhya Pradesh

108.2

Karnataka

66.2

Chhattisgarh

105.5

West Bengal

65.4

Arunachal Pradesh

97.6

Haryana

58.8

Assam

95.2

Punjab

54.6

Bihar

95

Jammu & Kashmir

53.8

Orissa

94.7

Maharashtra

53.4

Rajasthan

93.3

Manipur

50.1

Andhra Pradesh

78.7

Mizoram

48.4

Gujarat

77

Tamil Nadu

45

Meghalaya

74.1

Himachal Pradesh

42.7

Tripura

73.4

Sikkim

42.1

Goa

32.2

Kerala

19.5

SOURCE: Measure DHS STATcompiler, <www.statcompiler.com>.

Another notable feature of the data that illustrates the different levels of
development between states is the large range and standard deviation of per capita
income. Goa, a tourist hotspot, has a per capita income almost ten times higher than that
of Bihar, the state with the lowest per capita income.

40
Female literacy has a considerably lower minimum, as well as mean and
median, than its counterpart male literacy. This is a clear indicator of the different social
status of men and women.
Education expenditures have much lower levels overall than health
expenditures, despite two outliers that pull the mean up as well. Goa and Sikkim,
India‟s smallest state by population, have education expenditures per capita well above
600 rupees per capita. Those are both substantially higher than the next highest state,
Arunachal Pradesh, which is at 265. The median at 10 rupees per capita is signifies the
fact that over half of Indian states spend less than 20 rupees per capita. Only five states
spend over 100 rupees per capita.
The next chapter will use the equation and data presented above to analyze the
data and convey the findings of this study.

CHAPTER IV
RESULTS
The purpose of this chapter is to present and discuss the results from the analysis
of the model previously introduced and explained. The results evaluate the impact of the
following independent variables on child mortality rates across states in India: fertility,
female literacy, health expenditures, education expenditures, state GDP growth, per
capita income, male literacy, child vaccinations.
Due to a large range in the dependent variable values, an additional test splitting
data into two groups of high and low child mortality rates was performed. A dummy
variable was used to see if the sources of variance differed significantly based on high or
low child mortality.
Table 4.1 displays the initial results.
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TABLE 4.1
INITIAL ORDINARY LEAST SQUARES REGRESSION

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Included observations: 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT
VACC

193.8199
-3.015962
-0.727864
-0.012297
0.004575
0.280583
-8.05E-05
-0.367007
-0.726249

34.49073
5.426815
0.296546
0.015883
0.016789
0.473258
0.000165
0.527709
0.213935

5.619479
-0.555752
-2.454469
-0.774178
0.272530
0.592876
-0.486176
-0.695472
-3.394727

0.0000
0.5849
0.0239
0.4484
0.7882
0.5603
0.6324
0.4952
0.0030

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.886740
0.839052
10.22216
1985.360
-99.38919
18.59447
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

71.06429
25.48002
7.742085
8.170294
7.872993
1.661078

The R-squared value of 0.886740 is large enough for the model to be statistically
significant. It means that the model can explain just over 88% of the variation in child
mortality rates across states. In these results female literacy and vaccinations alone are
significant, with t-stats above |1.96| and probabilities below .05. Both variables were
predicted to be significant. The high R-squared but low number of significant t-stats
suggests that there may be data problems with multicollinearity.
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Female literacy has a negative coefficient because of the way health is measured.
Child mortality measures a bad outcome while female literacy measures a good outcome.
According to these results, female literacy and vaccinations are the strongest
determinants of child mortality.
With a t-statistic of |2.454469|, female literacy has significance at the 95% level,
holding with the model and bringing up several important policy implications that will be
discussed in the next chapter. The coefficient of -0.727864 means that a one unit increase
in female literacy (a one percent increase in this case) will decrease the dependent
variable, child mortality, by .73 (reducing the number of deaths by .73 per hundred live
births in this case).
Vaccinations has a negative coefficient because an increase will correspond with
a decrease in child mortality. With a t-statistic of |3.394727|, it has significance at the
99% level. The coefficient of -0.726249 means increasing vaccinations rate by 1% will
decrease the number of child mortality deaths by .73 per hundred live births.
Neither health nor education expenditures were significant. This contradicts
Farahani, Subramanian and Canning‟s findings, but is consistent with other studies that
have been inconclusive or contradictory. Because female literacy was significant, this
suggests that female education is crucial, yet current expenditures are not effectively
helping to reduce child mortality. Funds may not be reaching target recipients or they
may be wasted on unnecessary purchases. Corruption may contribute to this, as it is a
huge problem in most developing countries.
As predicted, state GDP growth and income per capita were not significant. This
means that quickly growing or rich states cannot sit back and expect child mortality rates

44
to improve automatically. This is an especially important result for policymakers who
often hold the view that economic growth will be enough and it is not necessary to
intervene in order to decrease child mortality.
These results are consistent with one of the variables from Filmer and Pritchett‟s
influential study and contradictory with another. Filmer and Pritchett similarly found
health expenditures to be insignificant, but income per capita was one of five factors that
explained 95% of the cross-national variation in mortality.
4.1 Testing Assumptions
In order for the results above to be conclusive, the data cannot violate any of the
assumptions of Ordinary least squares (OLS) regression. As seen in the following Figure
4.1, there is no problem with normality because the Jarque-Bera statistic is 1.24. This is
well below 5.99, the Chi-square value with 2 degrees of freedom at the 5% level,
meaning that the null hypothesis of normally distributed error terms is not rejected. Table
4.2 shows that there is also no issue with heteroskedasticity. The R-squared of 19.45454
is below the critical Chi-square value, 36.74, at the 10% level with 27 degrees of
freedom. Figure 4.1 and Table 4.2 show that residuals were homoskedastic and error
terms were constant and distributed normally; however, the correlation matrix for
independent variables (Table 4.3) shows that a few of the independent variables were
highly correlated. This has the potential to cause data analysis problems with
multicollinearity.
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TABLE 4.2
WHITE HETEROSKEDATICITY TEST – NO CROSS TERMS

Heteroskedasticity Test: White
F-statistic
1.176590
Obs*R-squared
9.275992
Scaled explained SS
2.129491
Test Equation:
Dependent Variable: RESID^2
Method: Least Squares
Sample: 1 28
Included observations: 28

Prob. F(8,19)
Prob. Chi-Square(8)
Prob. Chi-Square(8)

0.3624
0.3196
0.9768

Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FERT^2
FLIT
FLIT^2
HEXP
HEXP^2
EEXP
EEXP^2
GROWTH
GROWTH^2
PCI
PCI^2
MLIT
MLIT^2
VACC
VACC^2

-357.6848
-82.63407
5.330191
-15.63708
0.091064
0.490092
-0.000367
0.081096
-0.000325
-3.388016
0.041317
-0.009978
8.31E-08
24.67567
-0.121580
7.727476
-0.078177

3044.932
248.6585
43.97085
14.53712
0.114035
0.420621
0.000464
0.391675
0.000675
11.03408
0.685529
0.005011
4.68E-08
81.97012
0.497247
6.398290
0.061660

-0.117469
-0.332319
0.121221
-1.075666
0.798563
1.165162
-0.792513
0.207049
-0.480507
-0.307050
0.060270
-1.991490
1.775462
0.301033
-0.244507
1.207741
-1.267858

0.9086
0.7459
0.9057
0.3051
0.4414
0.2686
0.4448
0.8398
0.6403
0.7645
0.9530
0.0718
0.1035
0.7690
0.8113
0.2525
0.2310

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.331285
0.049721
70.28798
93867.60
-153.3744
1.176590
0.362385

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

70.90572
72.10337
11.59817
12.02638
11.72908
2.230439
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FIGURE 4.1
HISTOGRAM NORMALITY TEST
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TABLE 4.3
CORRELATION MATRIX FOR INDEPENDENT VARIABLES

FERT

FERT
FLIT
HEXP
EEXP
GROWTH PCI
MLIT
VACC
1.000000 -0.443572 -0.199390 -0.214518 -0.186417 -0.552297 -0.425092 -0.809126

FLIT

-0.443572 1.000000 0.665641

0.301978

0.327982

0.514903

0.855572

0.515343

HEXP

-0.199390 0.665641 1.000000

0.661789

0.307452

0.332290

0.528778

0.351404

EEXP

-0.214518 0.301978 0.661789

1.000000

0.251612

0.345131

0.237930

0.253910

GROWTH -0.186417 0.327982 0.307452

0.251612

1.000000

0.232309

0.285194

0.239322

PCI

-0.552297 0.514903 0.332290

0.345131

0.232309

1.000000

0.556429

0.577790

MLIT

-0.425092 0.855572 0.528778

0.237930

0.285194

0.556429

1.000000

0.544838

VACC

-0.809126 0.515343 0.351404

0.253910

0.239322

0.577790

0.544838

1.000000
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Fertility (FERT) and vaccinations (VACC) are correlated at -0.809126. Female
literacy (FLIT) and male literacy (MLIT) are correlated at 0.855572. This indicates
potential problems with multicollinearity and warrants a closer look. Scholars vary
greatly in arbitrary cutoff points, but |0.5| or |0.8| are most commonly cited.
Unless it is perfect, multicollinearity does not violate the assumption that no
independent variable is a perfect linear function of any other; however, severe cases “can
still cause substantial problems.”1 Multicollinearity is characterized by five major
consequences. First, estimates may remain unbiased. Second, variances and standard
errors may increase. Third, t-statistics may fall. Fourth, estimates may become highly
sensitive to changes in model specification. Fifth, overall fit and estimation of
nonmulticollinear variables may be largely unaffected.2 In cases such as this study where
the data set is small, effects tend to be more pronounced.
Variance inflation factors (VIFs) are a test of the severity of multicollinearity. The
VIF is the factor by which the variance of a coefficient has been increase by
multicollinearity with all other explanatory variables. A higher VIF means the effects of
multicollinearity on the variance are more severe.3 While VIFs are becoming more
popular, “setting a cutoff value for VIF above which we conclude multicollinearity is a
„problem‟ is arbitrary and not especially helpful. Sometimes the value 10 is chosen…”4
With all VIFs below 10, as seen in Table 4.4, it would seem that multicollinearity is not a
problem.
1

A.H. Studenmund, Using Econometrics: A Practical Guide. Addison Wesley, 2001.

2

Studenmund, 243-272.

3

Ibid.

4

Jeffrey M. Wooldridge, Econometrics. India: Cengage Learning, 2009. 92.
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TABLE 4.4
VARIANCE INFLATION FACTORS FOR INITIAL OLS REGRESSION

VARIANCE INFLATION FACTORS
SAMPLE: 1 28
INCLUDED OBSERVATIONS: 28
Variable

Centered VIF

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT
VACC

NA
3.379174
5.602201
3.587558
2.198199
1.161016
1.921675
4.294714
3.648942

Another commonly used cutoff point for VIFs is 5. Tables 4.4 and 4.6 show that
by that standard, FLIT has a „problem‟ with multicollinearity in both cases that also
include MLIT as an independent variable. The fact that the original regression has a high
R-squared with low t-statistics also suggests that there are problems with the third effect
multicollinearity discussed above. The changes in significant variables with the removal
of MLIT and the removal of both MLIT and VACC, which will be discussed with Tables
4.8-4.10, also point to multicollinearity problems with the fourth effect.
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TABLE 4.5
VARIANCE INFLATION FACTORS WITH MLIT REMOVED

VARIANCE INFLATION FACTORS
SAMPLE: 1 28
INCLUDED OBSERVATIONS: 28
Variable

Centered VIF

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
VACC

NA
3.263125
2.786422
3.553491
2.197223
1.160981
1.835234
3.451542

TABLE 4.6
VARIANCE INFLATION FACTORS WITH VACC REMOVED

VARIANCE INFLATION FACTORS
SAMPLE: 1 28
INCLUDED OBSERVATIONS: 28
Variable

Centered VIF

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT

NA
1.578376
5.462295
3.404423
2.170027
1.157538
1.885963
4.062379
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TABLE 4.7
VARIANCE INFLATION FACTORS WITHOUT MLIT AND VACC

VARIANCE INFLATION FACTORS
SAMPLE: 1 28
INCLUDED OBSERVATIONS: 28
Variable

Centered VIF

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI

NA
1.577515
2.786143
3.396778
2.164806
1.157473
1.765211

Removing either male literacy or vaccinations as independent variables will most
likely lead to model misspecification. The results from regressions removing first male
literacy and then vaccinations show that there are most likely data problems with
multicollinearity. These results are shown in Tables 4.8-4.10. Nothing is significantly
affected with the removal of male literacy, but the removal of vaccinations changes both
fertility and female vaccinations.
In Table 4.8, results are similar to the initial regression results. Removing male
literacy did not significantly affect any of the results. R-squared is about .88 and female
literacy and vaccinations are the only significant variables. The coefficients are slightly
more negative and the t-stats are slightly more significant.
However, in Table 4.9 with vaccinations removed as an independent variable,
fertility becomes significant and female literacy becomes insignificant. With a t-statistic
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of 2.276891 and probability of 0.0339, fertility is significant at the 95% level. A one unit
decrease in the fertility rate, births per woman, will lead to a 10.43264 decrease in the
number of deaths per hundred live births. This switch in the significant variables of the
model is most likely the effect of data problems with severe multicollinearity.

TABLE 4.8
ORDINARY LEAST SQUARES REGRESSION WITH MLIT REMOVED

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Included observations: 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
VACC

177.3897
-3.715385
-0.874079
-0.011220
0.004821
0.282372
-0.000105
-0.760855

24.80300
5.263530
0.206423
0.015603
0.016567
0.467102
0.000160
0.205364

7.151947
-0.705873
-4.234415
-0.719128
0.291025
0.604519
-0.656966
-3.704909

0.0000
0.4884
0.0004
0.4804
0.7740
0.5523
0.5187
0.0014

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.883857
0.843207
10.08935
2035.901
-99.74113
21.74305
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

71.06429
25.48002
7.695795
8.076425
7.812157
1.699692
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TABLE 4.9
ORDINARY LEAST SQUARES REGRESSION WITH VACC REMOVED

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Included observations: 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT

152.2601
10.43264
-0.568776
-0.024479
0.011028
0.192661
-0.000157
-0.783674

39.83527
4.581966
0.361749
0.019115
0.020607
0.583785
0.000203
0.634052

3.822244
2.276891
-1.572294
-1.280624
0.535123
0.330020
-0.775374
-1.235979

0.0011
0.0339
0.1316
0.2150
0.5985
0.7448
0.4472
0.2308

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.818044
0.754359
12.62844
3189.551
-106.0263
12.84524
0.000004

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

71.06429
25.48002
8.144737
8.525366
8.261099
2.001382

The following Table 4.10 shows what happens if both male literacy and
vaccinations are dropped from the model. The R-squared of 0.804146 is large enough for
the model to be statistically significant. Fertility and female literacy are significant as
expected from previous research. Fertility is significant at the 95% level and female
literacy is significant at the 99% level. According to the coefficients, a one unit decrease
in the fertility rate, births per woman, will lead to a 10.30037 decrease in the number of
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deaths per hundred live births. A one unit increase in female literacy will lead to a
0.881735 decrease in the child mortality rate.

TABLE 4.10
ORDINARY LEAST SQUARES REGRESSION WITHOUT MLIT AND VACC

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Included observations: 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI

110.6995
10.30037
-0.881735
-0.023360
0.012277
0.187241
-0.000220

21.62464
4.637907
0.261584
0.019332
0.020840
0.591057
0.000198

5.119138
2.220908
-3.370757
-1.208342
0.589108
0.316791
-1.110852

0.0000
0.0375
0.0029
0.2403
0.5621
0.7545
0.2792

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.804146
0.748187
12.78611
3433.176
-107.0568
14.37044
0.000002

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

71.06429
25.48002
8.146914
8.479965
8.248731
1.982579

Tables 4.8-4.10 show that correlation between vaccinations and fertility is most
likely causing multicollinearity problems. The removal of vaccinations allows fertility to
stop picking up the effect of VACC and become significant as expected. Female literacy
becomes insignificant although VACC and FLIT are only correlated at 0.515343. This is
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most likely due to the correlation between FLIT and MLIT, as seen in the jump in the tstatistic of MLIT, although MLIT does not become significant. Both child vaccination
rate and fertility are important variables but the inclusion of VACC causes FERT to
become insignificant. There are no general “fixes” for this, but suggested solutions
include 1) do nothing, 2) drop a redundant variable, 3) transform multicollinear variables
and 4) increase the sample size.5 The removal of variables often causes model
misspecification issues and is not recommended, and increasing the sample size to
include union territories is not possible due to limited data.
The following Table 4.11 shows the results of the dummy variable test performed
to see if the coefficient of high/low child mortality rates is significantly different from
zero. The dummy variable was assigned a value of 1 for all states in the “high” group and
0 for all states in the “low” group. The coefficient of DUMMY is 13.94409, with a tstatistic of 2.216014 and the probability 0.0398. This means there is a significant
difference in variation for states with a high child mortality rate versus states with a low
child mortality rate. Future research should account for this and recognize the different
behaviors possible within a nation that is in so many different stages of development.
The dummy variable is significant in all tests (Tables 4.12-4.14). Table 4.12
shows that female literacy and vaccinations are significant as in the original regression
that removed MLIT. It is interesting to note that in Table 4.13, with the removal of
VACC, fertility stays significant as in the original, but female literacy becomes
significant as well. This is likely a result of multicollinearity problems. In Table 4.14,
fertility and female literacy are significant as in the original regression that removed
MLIT and VACC.
5

Studenmund, 243-272.
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TABLE 4.11
DUMMY VARIABLE TEST FOR INITIAL OLS REGRESSION

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT
VACC
DUMMY

139.2207
-0.498994
-0.700450
-0.007232
0.000648
0.249186
-6.20E-05
-0.037389
-0.490887
13.94409

39.85120
5.082872
0.270115
0.014942
0.015498
0.405133
0.000151
0.502414
0.224855
6.292420

3.493513
-0.098172
-2.593156
-0.484020
0.041825
0.615072
-0.409452
-0.074419
-2.183130
2.216014

0.0026
0.9229
0.0184
0.6342
0.9671
0.5462
0.6870
0.9415
0.0425
0.0398

TABLE 4.12
DUMMY VARIABLE TEST WITH MLIT REMOVED

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
VACC
DUMMY

137.1662
-0.541187
-0.713996
-0.007084
0.000625
0.251189
-6.41E-05
-0.491948
14.07525

27.97826
4.917186
0.194289
0.014415
0.015083
0.393516
0.000145
0.218450
5.880358

4.902601
-0.110060
-3.674921
-0.491401
0.041416
0.638320
-0.442909
-2.251990
2.393604

0.0001
0.9135
0.0016
0.6288
0.9674
0.5309
0.6628
0.0363
0.0272
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TABLE 4.13
DUMMY VARIABLE TEST WITH VACC REMOVED

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
MLIT
DUMMY

92.87219
7.549154
-0.614415
-0.009150
-0.000578
0.251756
-8.75E-05
-0.116966
20.61825

36.38559
3.780360
0.291371
0.016010
0.016919
0.470036
0.000164
0.545573
5.978849

2.552444
1.996941
-2.108705
-0.571523
-0.034152
0.535610
-0.532964
-0.214391
3.448532

0.0195
0.0604
0.0485
0.5743
0.9731
0.5984
0.6002
0.8325
0.0027

TABLE 4.14
DUMMY VARIABLE TEST WITHOUT MLIT AND VACC

Dependent Variable: CMR
Method: Least Squares
Sample: 1 28
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
FERT
FLIT
HEXP
EEXP
GROWTH
PCI
DUMMY

86.29683
7.529631
-0.644615
-0.009490
0.000712
0.161708
-9.53E-05
21.06172

18.11123
3.693521
0.210452
0.015771
0.016548
0.429510
0.000158
5.480326

4.764824
2.038605
-3.062995
-0.601741
0.043024
0.376494
-0.602800
3.843150

0.0001
0.0549
0.0061
0.5541
0.9661
0.7105
0.5534
0.0010

CHAPTER V
DISCUSSION AND CONCLUSIONS
The previous chapters explained the issues, relevant literature, theory, data and
methodology of finding the determinants of child mortality. The main objective of this
thesis was to test whether education is correlated with child mortality rates across states
in India in order to help determine potential causality in future studies. The initial
hypothesis predicted that fertility, female literacy, child vaccinations, health expenditures
and education expenditures would be significant. Growth and per capita income were
predicted to be insignificant. Male literacy was predicted to be significant only in states
with very high child mortality rates.
Using data from NFHS-3 and the RBI, this study estimated the variation in the
under-five child mortality rate that could be explained by these eight variables. The
results were mixed. According to these results, female literacy and child vaccination rate
are the strongest determinants of child mortality. Neither health nor education
expenditures were significant, which differed from the predictions. This contradicts the
recent study by Farahani, Subramanian and Canning, but is consistent with a number of
previous studies that have been contradictory or inconclusive. As expected, state GDP
growth and income per capita were not significant. These results are consistent with one
of the variables from Filmer and Pritchett‟s influential study and contradictory with

57

58
another. Fertility was insignificant, signaling likely problems with the data because it has
been proven to be a significant factor in numerous studies.
Additional tests removing first male literacy and then vaccinations showed that
that the correlation between vaccinations and fertility is most likely the cause
multicollinearity problems. Adding or removing male literacy did not have a huge impact
on results, but including vaccination rates in the model caused fertility to become
insignificant. In the test with both MLIT and VACC removed, fertility and female
literacy were significant, as expected. Growth and per capita income were insignificant,
and neither health nor education expenditures were significant, as in the original test.
The variance inflation factors suggest that there is no problem with
multicollinearity, although the use of a lower cutoff point signals potential issues with
female literacy when male literacy is part of the equation. The high R-squared, low tstatistics and sensitivity to changes in model specification all point to data issues with
severe multicollinearity.
Because of multicollinearity problems, these findings cannot be conclusive, but
should signal that further research into the topic must be done if policymakers want to
effectively impact the lives of those in need. Policymakers must make a concentrated
effort to take into account female literacy, which was significant in three of the four tests.
Female literacy was a strong determinant of child mortality rates based on results from
the original model. Therefore, increasing the number of literate females should be the top
priority for health and development strategies working to reduce child mortality.
In all of these tests GDP growth, per capita income, health expenditures and
education expenditures were never significant. Many development strategies revolve
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around GDP growth and increasing per capita incomes. This study provides evidence that
growth and per capita income are not significant determinants of child mortality, meaning
that it is not enough to rely on economic policies to improve the health status without
additional initiatives. This is an especially important implication for the quickly growing
or richer states in India that may be tempted to scale back on social initiatives and rely on
growth to automatically take care of improving the people‟s quality of life.
Unfortunately, increasing education and/or health expenditures alone will not be
enough to improve the health status according to this study. Education and health
expenditures were always insignificant, posing problems for many policymakers who
focus on increasing funding. Researchers should look into what changes can be made so
that spending can really impact individual lives by reducing child mortality. While
female literacy is significant, the fact that education expenditures is not suggests that
current funding is not reaching the intended targets. This could be for many different
reasons. Funds may be wasted on unnecessary or ineffective purchases, or they may be
diverted into personal bank accounts. Corruption is one of the biggest problems in most
developing countries.
The dummy variable test provides further insights into possible differences
between the two groups of states splitting the wide range of child mortality rates. It was
significant in all four cases, meaning that variance in the two groups depends on whether
a state has a high or low child mortality rate. This is particularly significant in India,
where there is large inequality of development between states.
In addition to further research differentiating between levels of development
within a country, research on a breakdown of state spending should be completed to
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determine types of spending that might be effective in improving the health status, even if
overall spending has been shown to be ineffective.
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