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ABSTRACT

This quantitative study investigates the relationship between women’s education and 
infant survival in 80 low and middle income countries. The relationship between women’s 
schooling and infant survival is analyzed with internal social and health-related variables, 
some of which only recently became available. Data is produced by UNICEF, UNDP and 
UNESCO. The data is controlled by income level, population size, as well as by extreme 
epidemic or political instabilities. The work applies both linear regression modelling 
and structural equation modelling. The study shows how much the choice of research 
method influences results. The path models provide new understanding on how women’s 
education influences infant survival, completely through the indirect influences of child 
health provision and women’s reproductive autonomy. Women’s education is the second 
most important variable explaining the cross-country variation of infant survival. The 
most powerful societal variable is income poverty. These cross-country results are in line 
with the results of earlier research. The findings of this study stress that the universal social 
policies including women’s education, poverty alleviation and multiple health policies, are 
all fundamental for better infant survival, which is an adequate proxy for wellbeing in low 
and middle income countries. 

Keywords: women’s education, infant survival, infant mortality, child health, GDP, 
poverty, social development, wellbeing, women’s autonomy, breastfeeding



TIIVISTELMÄ

NAISTEN KOULUTUS JA PIKKULASTEN ELOONJÄÄMINEN
Vertaileva tutkimus 80 matalan ja keskitulotason maasta

Tässä tutkimuksessa tarkastellaan naisten koulutuksen ja imeväiskuolleisuuden suhdetta 
80 matalan ja keskitulotason maassa kvantitatiivisin menetelmin. Suhdetta analysoidaan 
yhteiskunnallisten, koulutuksellisten ja lapsiterveyteen liittyvien muuttujien avulla. 
Aineiston on tuottanut UNICEF, UNDP ja UNESCO. Tutkimusaineisto on rajattu 
tulotason, väestömäärän, sekä HIV/AIDS-epidemian ja poliittisen epävakauden kriteereillä. 
Työssä sovelletaan lineaarista regressioanalyysiä ja rakenneyhtälömallinnusta. Tutkimus 
osoittaa, kuinka paljon menetelmän valinta vaikuttaa tuloksiin. Polkumallit tarjoavat uutta 
ymmärrystä siitä, miten naisten koulutuksen vaikutus alle yksivuotiaiden eloonjäämiseen 
toteutuu epäsuorien syy-yhteyksien kautta. Kaksi vaikutuksia välittävää mekanismia ovat 
lasten terveyspalvelujen hyödyntäminen ja naisten lisääntymisautonomia. Naisten koulutus 
on toiseksi tärkein imeväiskuolleisuuden selittäjä, tärkein on tuloköyhyyden vähäisyys. 
Tutkimustulokset ovat sopusoinnussa aiemman tutkimuksen kanssa. Tämän tutkimuksen 
tulokset korostavat, että naisten koulutuksen edistäminen, köyhyyden vähentäminen 
ja terveyspolitiikkaa ovat kaikki tärkeitä pikkulasten eloonjäämisen turvaamisessa. 
Imeväiskuolleisuutta voidaan käyttää keskeisenä hyvinvoinnin indikaattorina matalan ja 
keskitulotason maissa. 

Avainsanat: naisten koulutus, imeväiskuolleisuus, lapsiterveys, bruttokansantuote, 
köyhyys, sosiaalinen kehitys, hyvinvointi, naisten autonomia, rintaruokinta
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1 INTRODUCTION

The purpose of this study is to investigate assumed connection between women’s education 
and infant survival. Economists, health scientists and social scientists have often perceived 
that determinants of wellbeing in low and middle income countries vary from economic 
equality to women’s education, and to health resources. Women’s education has been seen 
as a panacea of development and this is why women’s education is the main interest here. 
This study takes infant survival as an indicator with which to demonstrate wellbeing. It also 
looks at how social and educational policies have shaped infant survival. The study creates 
path models on aggregate data from 80 low and middle income countries, while it includes 
a comprehensive array of societal control variables across social and health sciences. 

The risk of a child to dying during first years of life, poses one of the most urgent social 
policy goals in the low and middle income countries. On average, six out of one hundred 
new-born babies did not see their first birthday in 1990. Since, the world’s infant survival 
rate has improved. The rate was four in one hundred in 2012. Furthermore, this global 
average hides a vast divide. An unborn child in less developed countries faces a nine times 
higher risk of infant death than a child in industrialized countries. In West and Central 
Africa the risk is almost twenty times higher. Fortunately, this tragedy has decreased during 
the last decades (UNICEF 2012a; 2014). 

Göran Therborn (2011, 146–150; 2013, 12–13) offers a global scale sociological overview 
in pointing out how the risks of a new life vary across class, ethnicity and gender. Therborn 
provides evidence from around the globe and shows how the fulfillment of basic needs 
make a difference in human survival. Social policy is a discipline of people’s wellbeing. 
In order to address the multidimensional nature of wellbeing in low and middle income 
countries, a holistic framework called social development is applied (see Midgley 2014). 
The social investment perspective is one focal feature of the social development framework 
which differs from the consumption and protection oriented thinking of social security. 

The motivation for the social development framework arises from the notion that there 
is a lack of holistic knowledge on the core of the wellbeing mechanism in low and middle 
income countries (Mkandawire 2004, 1, 10). Furthermore, before designing social policy 
programs, a solid understanding should be formed on the major wellbeing components. 
The study is also an examination on the relevance of welfare state, as its core institutions 
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– education, health and social security – are represented in the core of the research design 
(see Hall & Midgley 2004 for a discussion on welfare state institutions in the low income 
context). 

Infant survival is defined here as an indicator of wellbeing, and its opposite concept, 
infant mortality means the lack of wellbeing. Women’s education is often regarded as a key 
resource in aspiring wellbeing (e.g. LeVine & Rowe 2009; Hannum & Buchmann 2005). 
There is even a cross-disciplinary consensus on the relationship between women’s education 
and infant survival (e.g. Hobcraft 1993; Hannum & Buchmann 2005; Schell et al. 2007; 
LeVine & Rowe 2009). 

The major indices of well-being assessment, the Human development index (HDI) and 
the Multidimensional Poverty Index (MPI), do not separate outcome variable from input 
resources. To enhance understanding on the mechanisms of wellbeing, this work separates 
an outcome variable and input resources. It defines the fundamental wellbeing element, 
infant survival, as the outcome variable, and studies other resources as input variables.

The United Nations’ (UN 2015) Sustainable Development Goals (SDG) framework 
is the main global agenda for global development. The study links two of the seventeen 
goals in particular, and one partially. Women’s education is a core element in goal number 
5, “achieve gender equality and empower all women and girls”. Infant survival links to 
goal 3, “ensure healthy lives and promote well-being for all at all ages”. Also goal 4 on 
enhancing quality of education connects to women’s education, even though this macro 
level comparison cannot empirically address quality concerns of schooling. 

The United Nations’ Millennium Report (UN 2006, 11) recognizes the importance 
of poverty and weakly developed maternal education as reasons for high infant mortality: 
“Survival rates for children of mothers with at least a secondary education are twice as 
high as those for children with less educated mothers. Similarly, children living in the 
wealthiest 20 per cent of households are twice as likely to survive as those in the poorest 
20 per cent of households.” This study explores the importance of the association between 
women’s education and infant survival when an extensive set of relevant societal, economic, 
and public health variables are taken into account. The work provides an account on the 
importance between health factors and other societal factors in understanding infant 
survival. This helps us understand the mutual priorities between key resources that 
influence infant survival.

The controlled variables are classified into five categories: women’s autonomy, material 
conditions, child health practices, and child health services, and finally modernization 
indicators. The advantage of this research design is the competition between explanatory 
variables. The study takes care to choose explanatory variables that have a similar impact 
across the globe. 

Different scientific traditions have had distinct ways to approach infant survival. Henry 
Mosley and Lincoln Chen (1984) explicated what is the main difference between medical 
science and social science traditions in analyzing child mortality. This division of the ideal 
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types connects to the assumed causal distance of the factors. The model separates the 
proximate factors (interest of medical science) of infant mortality from the socio-economic 
determinants (social science). Here we do not exclude either of these variable groups out 
of the analysis. It is the relevance that a variable has on infant survival which matters, 
not the scientific field that typically uses the variable. For example, child health services 
or adequate diarrhea cure may be studied in medicine as well as in social science. Strong 
disciplinary classification is not useful for this research. 

The dimensions studied come from various disciplines which are here applied in the 
framework of social sciences and social policy. Anneli Anttonen (2005) has identified four 
frameworks for comparative research in social policy. The study at hand is a cross-national 
statistical comparison, which aims to develop the global theory of wellbeing. The other 
three options are case-oriented comparison, regime theory, and cross-cultural comparison, 
each of these with a distinguishing applicability. The comparative approach is applied so 
that the variables of the formed theory compete against one another. Finally, path models 
are compared to one another to find the most adequate model. The comparative framework 
applied here has an exploratory essence.

The study specifies the existing understanding on the relationship between women’s 
education and infant survival. It applies linear regression analysis as an elementary method 
and structural equation modelling as the main method for studying the country level 
(aggregate) data. Structural equation modelling is applied to see how it complements the 
linear regression analysis when decomposing the variables behind infant survival. The 
possible importance of indirect effects will cast new light for interpreting other linear 
regression studies of similar research design.

This analysis applies four criteria to the selection of countries in order to clarify the social 
processes within relatively stable non-affluent countries: income level is below $10,000, a 
population which is larger than 0.5 million, no destructive civil war between 1990–2010 or 
no extensive HIV-epidemics among young women in 2010. Eighty low and middle income 
countries form the study units.

Women’s education has raised wide international attention as a policy goal and as a 
research object. The emancipation attached to women’s education makes it a multifaceted 
and interesting research object with the following questions to be attached. What makes 
women’s schooling such a societal force which seems to improve life from one country to 
another? Can the mechanism of life improvement connected to women’s education be 
captured with aggregate level models? 

Using a well-defined and reliable outcome indicator enables the investigation of the 
role of women’s education. Infant survival being such a measure, this quantitative study 
will estimate how important women’s schooling is for infant survival. In order to answer 
the research question, it is important to address a broad spectrum of societal variables as 
co-variants. Also, the effect of time should be taken into account.
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Linear regression and path analysis are compared as methods. Will structural equation 
modelling prove to be an essential tool as it takes indirect effect specifically into account? 
This would cast new light on the relationship studied. Successful modelling would also 
demonstrate the relevance of path analysis in marco-level social science. The path analysis 
follows the methodology that has been applied in global sociology by Pertti Töttö (2012, 
169–210). Heikki Hiilamo and Olli Kangas (2014) use the path model of 127 countries 
to demonstrate the sensitivity of the relationship between inequality and social problems.

The study begins with a review on the research object. Previous studies situate in several 
disciplines, in social science including demography and economics, in medicine and health 
sciences, as well as in education. The earlier findings are examined in building a framework 
on which the analyses will be based on. Introduction of data and variables will be followed 
by discussions on methods and methodological features of the study. The construction of 
models answer the research questions. The modelling is organized hierarchically: from the 
simpler methods to the more demanding ones. The last chapter analyzes what the results 
bring to the current understanding on the relationship between women’s education and 
infant survival. Also the relevance of the applied methodology will be discussed.
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2 THEORETICAL FOUNDATIONS

What explains the power of women’s education in improving life, particularly in enhancing 
infant survival? Social policy as an academic inquiry of wellbeing formation is a valid field 
for analyzing women’s education as a driver behind infant survival. The social policy frame 
of social development, which addresses social change in low and middle income countries, 
is discussed first. Then two main concepts, women’s education and infant survival, 
are examined; first separately and then jointly in connection to each other. This will be 
followed by the other major dimensions that are most often connected to infant survival in 
the country level comparative research. 

2.1 Social Development Perspective to Social Policy
Global social policy is concerned with wellbeing, but it is based on frameworks from a select 
group of welfare states.  Low and middle income countries lack knowledge on core wellbeing 
processes in less modernized contexts, including the question on how much women’s 
education contributes to wellbeing. Social policy theories that shape understanding of the 
industrialized countries should be carefully applied to low and middle income countries. 

A framework of social development takes into account the societal processes typical of 
low and middle income countries (see Perkiö 2009 for an overview). James Midgley (2014, 
13, 212) defines social development “as a process of planned social change designed to promote 
the well-being of the population as a whole within the context of a dynamic multifaceted 
development process”. Midgley (2014, 83–155, 212) thinks that social investment and the 
participation of the population are to be prioritized in the process. This is why he discusses 
issues such as human and social capital, as well as decent employment and microfinance as 
arenas of enhancing social development.

Social investment has global applicability. Nathalie Morel, Bruno Palier and Joakim 
Palme (2012) demonstrate how the social investment perspective can be contrasted with 
the Keynesian paradigm and Neoliberal paradigm as the third major framework in 
analyzing the welfare state. Jorma Sipilä (2011) has written on social investment which 
emphasizes the interconnections between human capabilities, wellbeing and economic 
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success. Sipilä states that the social investment perspective shows how investing human 
capabilities and wellbeing contributes to economic success. Overall, Sipilä’s formulation on 
social investment brings Amartya Sen’s (1999) capability theory into social policy theory. 
Sen (1999, 297) finds that “social institutions (…) contribute to the process of development 
precisely through their effects on enhancing and sustaining individual freedoms.”

The social development framework includes the focal policy fields of social investment. 
These are most importantly education, social security and health services. It also addresses 
the contexts (rural, urban and development co-operation) that are shaping the formation of 
wellbeing (Hall & Midgley 2004). Infant survival is measured here as an outcome of social 
investment while the independent variables can be seen as forms of social investment (see 
variables in Table 4.4).

Social development can be viewed as the outcome of the expansion of welfare institutions 
such as social security, education and health services. Peter Flora and Arnold Heidenheimer 
(1987) provided a comprehensive historical description on the development of welfare 
states in Europe and America. They emphasized that this process took place along with the 
development of the nation states and capitalist economies. Olli Kangas (2010) carried out 
a historical comparison in 17 OECD countries from 1900–2000 which shows how both 
economic growth and welfare state play a role in the increase of life expectancy. His evidence 
confirms that prosperity increases longevity but “after a certain level the marginal utility 
of an extra dollar levels off”. Furthermore, he shows that a bigger welfare state is better for 
the population level life expectancy, and having a broader coverage of social protection or 
universal access is better than having more generous benefits for a limited circle of citizens. 
As Kangas proves, material security is essential in social development but it is also necessary 
to go beyond material spheres of social policy. Thus social development can be linked to the 
concept of life politics which emphasizes emancipation and the provision of life chances 
beyond the material dimension (see Roos 1998). The selection of variables in chapter 4.3 
shows how this study balances between material and non-material resources of wellbeing.

There has been substantial diversity in welfare state processes or the ways in which 
the expansion of education and social security have evolved in Western history from the 
second half of the 19th century to the last decades of the 20th century (Hage et al. 1989). 
The institutional settings of enhancing wellbeing can be assumed to be even more diverse 
across low and middle income countries but the basic elements of wellbeing enhancement 
can be assumed to be more or less universal. The diversity is addressed by the Welfare 
regime framework, which is one of two other global social policy frameworks in addition 
to social development. Though these two are of less importance in framing this work, these 
alternatives are briefly introduced in order to form a comprehensive understanding on 
global social policy. 

Welfare regime theory has been broadened from the industrial world to also include the 
developing regions (Wood & Gough 2006). This theory builds on the well-known welfare 
regime theory by Gøsta Esping-Andersen (1990). Geof Wood and Ian Gough introduced 
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three meta-welfare regimes covering the whole globe. They are (1) the welfare state regimes 
of the OECD-world, (2) various informal social security regimes typical to Asia and Latin 
America and (3) insecurity regimes characterizing much of social security in Africa. The 
mission for this study is to identify key universal elements of wellbeing enhancement in 
low and middle income countries. Future modelling may compare e.g. regime groups 2 
and 3 to demonstrate variation between country groups. The analysis by Johan Fritzell et 
al. (2013) on the relationships between relative poverty and infant mortality contrasts the 
welfare regimes of 26 developed countries. It is one stepping stone for an analysis based on 
country groups.

The third framework of global social policy is the governance perspective has been 
progressive in identifying competent international policy actors and assessing their 
programs (Deacon 2007; Yeates 2008; Voipio 2011). The Social Protection Floor is a new 
broad social security initiative by some UN institutions, the World Bank, G20 and non-
governmental organizations. The programme provides global scale recommendations for 
comprehensive social policy (see Deacon 2013; Perkiö J. 2014, 2). 

Social development is the adequate framework to addresses broad socio-cultural 
dynamics behind wellbeing formation. Infant survival is an outcome indicator used in the 
study. It reflects both social development and wellbeing, the latter being tackled in section 
2.3. The major sectoral elements of wellbeing processes form the research object of the 
study, with the focus lying on women’s education. It will be discussed next. 

2.2	 Benefits	of	Women’s	Education
Education is important because it makes the capability and social investment views visible 
in social development. Martha Nussbaum (2011, 152–157) states that education forms 
people’s existing capacities into internal capabilities. She calls education an essential “ fertile 
functioning” in addressing disadvantage and inequality. She discusses how, particularly 
among disadvantaged women, education increases economic opportunities and political 
participation. In addition to this, women’s education improves gender equality within a 
household. Amartya Sen (1999, 198) finds that women’s literacy contributes to women’s 
agency and that promotes social wellbeing more than a general policy of opulence. 

Women’s education is a concept that consists of two parts. These parts are separately 
introduced here. Also the general trend towards increasingly urban and commercial societies 
in which skills gained at school are more useful than in rural life, highlight the importance 
of women’s education. The mission of learning is immense from a poor country’s point of 
view as basic literacy skills; reading, writing and math; are to be learned at school alongside 
abilities for digital information processing and utilizing media (Perkiö 2011). The chapter 
concludes with a list of general benefits of women’s education, although a more detailed 
review is given in chapter 2.4 in connection to infant survival.
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The gender attribute women addresses the less powerful half of humankind, when 
viewed globally. Göran Therborn (2011, 82) makes two important historical notions on 
gender equality. First, patriarchy and the rights of women could not break through as issues 
in the first openings of political modernity such as the French Revolution. Second, gender 
equalization has its own trajectories as parts of the main historical pathways to modernity. 

Patriarchy forms the core of gender inequality. According to Göran Therborn (2004, 13) 
patriarchy is father’s power over his daughter and a husband’s power over his wife. Deniz 
Kandiyoti (1988) contrasted two systems of patriarchy. In the Sub-Saharan African male 
dominance pattern the insecurities of polygyny are complemented with relative autonomy 
for women, while in other system, forms of subservience and manipulation characterize 
women’s life in South and East Asia, as well as the Muslim Middle East. 

Raewyn Connell theorizes gender from the perspective of the Global South. She (2010) 
reminds us that the history of imperial order – that characterizes most of the world’s 
society – is a gendered history. For example cohesive practices of conquest or enslavement 
were imposed differently on men and women. Connell (2010, 606) describes the gender 
order of the Developmentalist states that characterizes the last decades of the 20th century. 
This history forms the landscape in which this study locates. 

“Much of the de-colonised world entered new relationships of cultural and 
economic dependence. Developmentalist states, from Latin America to India and 
China, followed the lead of Japan in trying to industrialise, creating another kind 
of masculinised labour force. Most post-colonial states maintained masculinized 
European-style armies, many of which became the dominant force in local 
affairs. Women, meanwhile, were increasingly drawn into the money economy in 
subordinate roles, a process that has accelerated dramatically worldwide in the last 
few decades. As development economics and neoliberal market ideology gained 
influence, women were increasingly perceived by policymakers as an untapped 
labour force and as bearers of human capital. This gave a rationale for women’s 
education, and was compatible with the formal equality enshrined in human rights 
documents.”

Despite acknowledging historical and contextual variation of both gender and education, 
Connell (2010, 611) also recognizes that “it is also true in the colonial world, as in the 
metropole, that deeply unjust education systems have provided means for women’s 
autonomy.” 

The Brazilian educator, Paulo Freire emphasized the transformative feature of 
education. His classic manifesto Pedagogy of the Oppressed (1972) highlights the meaning 
of collective learning in creating social justice. The book was first published in Portuguese 
in 1968, and was translated and published in English in 1970. In Freirean pedagogy the 
poorest part of the population learn literacy skills when they work on the concepts of their 
everyday lives in dialogue with a teacher (Freire 1987; 2001). The significance of literacy 
arises from the fact that existence is realized through new interpretations of language: 
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“Reading the word is reading the world” says the classic Freirean proverb which is also the 
name of the book by Freire and Makedo (1987). Freire was of the opinion that societal 
development was only possible when the masses became conscious and powerful enough. 
(Perkiö 2011.)

When the decline of patriarchy (i.e. increase in gender equality) and the Freirean 
insights on education are combined with the trend towards an urban lifestyle, it is clear 
that women’s education gains importance. Women’s education is often brought up for its 
societal benefits. The following list of benefits set in the book by Shireen Jejeebhoy (1996) 
gives a hint of the multifaceted agenda to be studied here empirically. Jejeebhoy connects 
women’s education to the fulfillment of human rights and economic development, as well 
as to better health and more balanced demographics. Instead of introducing the broad 
research on women’s education, the focus will be on its connection to infant survival, the 
other major issue of the study. Before examining this relationship, a closer look at infant 
survival itself is provided.

2.3 Locations of the Study of Infant Survival
Infant survival has been an important object in longitudinal and cross-sectional social 
research (Shen & Williamson 2001; Hanmer et al. 2003; Schell et al. 2007). This section 
2.3 examines research on infant survival in the following way. Firstly, it discusses global 
measures of wellbeing. Secondly, it views infant survival as one adequate indicator of 
wellbeing in low and middle income countries. Thirdly, research on infant survival is 
conceptualized with two focal dimensions. And finally, the methodological frameworks of 
studying infant survival are introduced. 

During the last few decades, there has been substantial academic criticism toward 
using the GDP as an indicator of wellbeing. A commission of two Nobel Prize-winning 
economists, Joseph Stiglitz and Amartya Sen, along with the French economist Jean 
Paul Fitoussi wrote a report (2010) on the limitations of the GDP. First, the report shows 
limitations of the GDP as an indicator of wellbeing when measured in monetary units. 
Second, the commission analyzed the part of wellbeing that is less amenable to conversion 
into monetary units. The scholars define quality of life as a broader concept than economic 
production and living standards. The suggested measures on the quality of life, subjective 
wellbeing or capabilities, both go beyond the scope of finding a sound global indicator. An 
earlier work of Amartya Sen (1999) states that income or GDP cannot be equated with 
wellbeing. Sen sees income as a resource that offers the capability to purchase wellbeing (or 
in Sen’s terminology; freedom). 

Marko Ulvila and Jarna Pasanen (2009, 27–48) showed how the economic level and 
the wellbeing measures are separate issues. David Brady et al. (2007) convincingly deny the 
role of economic growth (close to what is here referred to as GDP) as the primary factor 
of wellbeing (e.g. child or infant survival) in poor countries. They applied a panel analysis 
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on the data of 109 less developed countries from 1980–2003 and found that fertility, 
urbanization and secondary school enrollment influence infant survival. Additionally, 
they showed that several macro-economic variables e.g. foreign direct investment or the 
structures of export did not have an influence on infant and child mortality. Both Dharam 
Ghai (2000) and Lucia Hanmer et al. (2003) have stressed the importance of broadly 
defined public policies, such as social security, education, and health provision, if the aim is 
social good i.e. low infant and child mortality.

As part of this discussion, a new way of assessing human development took place. “Since 
1990 the annual Human Development Reports have monitored international progress in 
meeting a range of basic needs and extending basic capabilities” (Gough et al. 2007, 6). The 
Human Development Index (HDI) became a universal measure of human development. 
This composite indicator consists of the gross national income per capita, life-expectancy 
at birth and a joint education variable on the mean years of schooling and expected years of 
schooling (UNDP 2010, 12–14). 

George Molina and Mark Purser (2010) analyzed human development trends with a 
unique data set of the Human Development Index in 111 countries from 1970 to 2005. 
First, they (2010) showed that all countries bar one had progress in HDI within the studied 
timeframe. Second, the growth of the HDI converges as the differences between the world’s 
regions are smaller in 2005 than they were in 1970. Third, the change of income level 
and the non-income components of the HDI had a near-zero correlation. Their findings 
were exactly as Brady et al.’s (2007) results on wellbeing. Income was not a significant 
determinant of the HDI change once urbanization, fertility and female schooling were 
taken into account. Finally, using years of women’s suffrage as an instrument for changes 
in gender relations worked as a significant predictor of HDI progress for the whole sample. 
George Molina and Mark Purser’s (2010) design bears similarity to the design of this work, 
though the dependent variable in this study is infant survival instead of the HDI. 

The above discussion demonstrated that neither the GDP nor the Human Development 
Index sufficiently describe wellbeing. There is a need for an apt indicator of wellbeing. David 
Brady et al. (2007) used infant survival explicitly as an indicator of wellbeing. Because the 
conditions determining the likelihood of surviving the first year of life are largely social 
and political, infant survival is an interesting object for social policy.

Henry Mosley and Lincoln Chen (1984) formed an analytical framework for the 
study of infant survival in developing countries. The model separated two levels of factors; 
socioeconomic from proximal level variables (Figure 2.1). In their model, socioeconomic 
factors operate through proximate determinants. They grouped proximal variables into 
five categories: Maternal factors, environmental contamination, nutrient deficiency, injury, 
and personal illness control. These have an influence on whether an infant stays healthy or 
falls sick. The latter in turn results in growth faltering or even mortality. It is important 
to remember that morbidity and related growth faltering are common infant health 
problems in low and middle income countries. In contrast, infant mortality is a rare event 
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and excludes the health status of survivors, therefore it gives a selective view on the matter. 
However, the infant mortality rate is a useable and compatible variable for an aggregate 
level study like this. 

Figure 2.1 sets the dimensions for this cross-disciplinary examination on the relationship 
between women’s education and infant survival. Many studies have proved the importance 
of women’s education for infant survival when studied with other distal i.e. structural 
factors (Schell et al. 2007; Brady et al. 2007; Shandra et al. 2004; Shen & Williamson 
2001; Frey & Field 2000). Carl Otto Schell at al. (2007, 290) classified determinants into 
three levels that are distal, intermediate and proximate on the basis of how directly these are 
connected to a health outcome. The distal level usually includes socioeconomic variables, 
such as income or education. These resources operate through an intermediate level that 
consists of resources, such as sanitation or immunization. These variables, in turn, “lead to 
the proximal causes of death (nearer in time to the terminal event), such as undernutrition 
or infectious diseases” (Black et al. 2003). Carl Otto Schell et al. (2007, 294) focused 
only on distal determinants arguing that “when variables in the same causal chain are 
introduced into a multivariate model, the correlation of more distant determinants will be 
deceptively reduced in relation to more proximate ones (…)”. They (2007, 294) noted that 
in most countries the economic growth makes several activities possible at the intermediate 
level, which has positive impact on population health. 

The other dimension (Figure 2.1 above) between internal (societal) and external 
(global) variables of infant survival is also often addressed. Ce Shen and John Williamson 
(2001, 279) note in their study of 82 less developed countries that “internal factors account 

Figure 2.1. Conceptual Map on the Variables behind Infant Survival



26 Mikko Perkiö

for much more of the cross-national variation in infant mortality rates than do external 
factors”. As external variables they utilized e.g. foreign debt increase, foreign investment, 
and commodity concentration. The framework was linked to dependency theory. David 
Brady et al. (2007) applied a panel analysis on 109 less developed countries studying infant 
survival as an indicator of wellbeing. The data of the study covers the years from 1980 to 
2003. They showed that several external macro-economic variables, e.g. foreign direct 
investment or the structures of export had no effect on infant mortality. The opposite of 
these results was found in a study of 50 less developed countries studied by John Shandra et 
al. (2004). They discovered that dependency factors were stronger determinants of infant 
mortality than women’s education. Lucia Hanmer et al. (2003) put the emphasis on internal 
variables. They came to the conclusion that in addition to the usefulness of economic 
growth, an active social policy (including educational and health policies) addressing basic 
needs is the quickest way to improve wellbeing (e.g. to increase infant survival). So, external 
variables receive little support as determinants of infant survival. The comparative study 
examined the effect of the type of social policy on the decrease of infant mortality in 18 
industrialized countries from 1970–2000. The pooled cross-sectional time-series analyses 
showed that “increased generosity in family policies that support dual-earner families is 
linked with lower infant mortality rates, whereas the generosity in family policies that 
support more traditional families with gainfully employed men and homemaking women 
is not” (Lundberg et al. 2008). The effect of the type of social policy is visible in industrial 
countries, in which infant mortality is low. Therefore social and public policies could be 
even more influential in low and middle income countries where child health is more 
vulnerable.

In addition to spatial and structural locations of evidence, there is extensive 
methodological variation among the studies (Figure 2.2). There are quantitative regression 
studies using country level data, as well as focused research on mechanisms that affect infant 
survival. There has been much epidemiological research on infant mortality. Usually, the 
two latter methodological frameworks operate with survey data consisting of answers by 
individuals. 

Each of the following sections from 2.4 to 2.7 discuss the significant research outcomes 
on infant survival in connection to relevant neighboring dimensions of wellbeing.
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2.4 Evidence on the Connection between Women’s 
Education and Infant Survival

The examination of the relationship between women’s education and infant survival is most 
fruitful when other resources contextualize and relativize the examination. One major line 
in the evidence is to challenge the primacy of income as recourse of infant survival.

Emily Hannum and Claudia Buchmann (2005) reviewed global educational expansion 
and socio-economic development. Their extensive review, based on national demographic 
and health surveys of eleven countries in 2000–2001, showed that the educational level 
of mothers connects very closely to child mortality rates in all the countries studied. The 
schooling level of mother’s was measured on three levels: no education, primary education, 
and secondary or higher education. The result is convincing but would this result be 
different if poverty levels of the countries were also taken into account? Will a poor mother 
with a secondary schooling certificate be a better predictor of a child’s survival than a richer 
mother with primary level schooling? The following evidence emphasizes education over 
economy as a resource of infant survival.

Elsie Pamuk et al. (2011) carried out a multilevel regression study examining the relative 
strength of education and economic assets on infant mortality. Demographic and health 

Figure 2.2. Methodological Frameworks to Study Infant Survival on Societal Level
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surveys from 43 low-and lower-middle-income countries formed the data in the study. 
They investigated the relationships between these variables on family, community, and 
country levels. On family and community levels, education had a considerable effect on 
infant survival when economic resources were held constant. In contrast, household and 
community wealth had a small effect on infant survival when education was held constant. 
On an aggregate level, both general income level and completed secondary education had a 
substantial impact on infant survival. 

Another comparison emphasizes access to electricity over money. Limin Wang (2003) 
provided a prime example on how two associated variables are compared as alternatives. 
He estimated that a 0.6 percentage point increase in the access to electricity in 60 poor 
countries would have the same effect on the under-five mortality rate as a GDP increase of 
6 per cent.

Ce Shen and John Williamson (2001) analyzed the role of women’s education among 
other variables in infant mortality decline (1965–1991) in 82 less developed countries. 
Women’s education was seen as a part of women’s status, in addition to reproductive 
autonomy measured by contraceptive prevalence among married women of childbearing 
age. Both female secondary school enrollment and contraceptive prevalence had significant 
negative associations with infant mortality. These variables had a stronger role than the GDP 
level or the state strength increase (based on the increase in central government revenue) in 
explaining infant mortality decline, even though the GDP and the state strength increase 
were also significant predictors. In a five-predictor model (N=57, R²=0.87) women’s 
secondary school enrollment in 1965 was the second most important predictor for infant 
survival probability in 1991, and its importance was almost as high as the prior level of 
infant survival probability in 1965. 

Lucia Hanmer et al. (2003) tested the determinants of infant mortality. They concluded 
that “while income per capita is a robust determinant of infant and child mortality, so 
are indicators of health, education and gender inequality. Some health spending, such as 
immunization, is thus shown to be a cost effective way of saving lives.” Kalanidhi Subbarao 
and Laura Raney (1995, 124) highlighted far greater gains of female education on infant 
survival compared to economic growth or to the availability of physicians’ treatment in the 
study for 75 developing countries between 1970–1985. 

Carl Otto Schell et al. (2007) studied 152 countries with a cross-national design 
including control variables that enable the assessment of the contribution of women’s 
education on infant mortality. They (2007) tested five predictors of infant mortality: 
public spending on health, gross national income (GNI)/capita, poverty rate, income 
equality (Gini index), and young female illiteracy rate. The results show firstly, that the 
relative importance of major health determinants varies between income levels. Secondly, 
in low income countries, young women’s illiteracy was more important than gross national 
income. Income equality was a significant independent variable of the infant mortality rate 
only in middle income countries. For middle income and poor countries, the researchers 
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recommend a policy that would build on improved women’s education and economic 
growth.

Early women’s education aspirations date back to the 18th century and to the 
Enlightenment. Even Charles Darwin was inspired by the British reform movement 
during the 1830’s and he believed that educating women would lead to the improvement of 
humankind (see LeVine et al. 2001, 1–2). Nowadays a cross-disciplinary consensus prevails 
on the positive relationship between women’s education and infant survival (e.g., Hobcraft 
1993; Hannum & Buchmann 2005; Schell et al. 2007; LeVine & Rowe 2009). 

A large-scale Harvard University research project has assessed the transformative 
influence of maternal schooling with individual level data. The project has formed a 
preliminary model on how women’s schooling directly and through other determinants 
influences infant survival (see Figure 2.3 below). The research missions in Mexico, Zambia, 
Nepal and Venezuela involved several hundreds of participants in total from 1983 to 1998. 
The project carried out the direct assessment of literacy and language skills, and it was able 
to identify mechanisms on how women’s literacy enables positive social change in people’s 
lives. (LeVine et al. 2001; 2004; LeVine et Rowe 2009; Schnell-Anzola et al. 2005). 

Robert LeVine and Meredith Rowe explain how maternal schooling and literacy 
improve child health. Schooling gives mothers literacy skills that are useful in capturing 
and processing various health related information. Furthermore, women with improved 
literacy skills “are more effective at communication not only in clinics and hospitals but 
also in other bureaucratic settings”. LeVine and Rowe have shown how maternal schooling 
gradually turns to child health gains. The key elements from their pathway model are 
necessary and ought to be included in any infant survival model. (2009, 343, 347–348.)
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Figure 2.3. Pathway from Maternal Schooling to Child Health Outcomes
Source: LeVine and Rowe (2009, 343).
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George Bicego and Ties Boerma (1993) used survey data from 17 developing countries 
and examined the relationship between maternal education and the health and survival 
of children below the age of two. Their findings showed that educated mothers were more 
likely to use health services. The education of mothers also decreased the post neonatal risk, 
and undernutrition. These results were largely similar to the above findings by the Harvard 
University research group. 

John Cleland and Jerome van Ginneken (1988) studied the intervening variables on 
how a mother’s education impacts the health status and survival of her children. In their 
assessment, education was associated with economic advantages including income, water 
and latrine facilities, and housing quality. This economic route explained about one-half 
of the overall education-mortality relationship. So, their study highlighted poverty related 
factors. A few of these variables, such as income poverty and sanitation, are tackled in this 
study with the global aggregate data.

Earlier studies have identified women’s education as a key variable behind infant 
survival. These studies have also recognized some other major variables in the puzzle, 
including a possible mediatory path. All this needs to be taken into account when building 
an aggregate level assessment on the relative weight of women’s education behind infant 
survival in low and middle income countries. The next section pays detailed attention to 
women’s autonomy, which closely links to both women’s education and infant survival. 

2.5 Women’s Reproductive Autonomy and Infant Survival
Women’s autonomy refers to a large number of issues that may influence infant survival. 
The survey of existing literature shows two aspects of women’s autonomy that should be 
taken into account: firstly, women’s reproductive autonomy and secondly, educational 
gender equality. The latter is given a smaller role in the study. 

John Cleland (2009) highlights a remarkable historical change that has taken place 
between 1960 and 2003. The proportion of married women in developing regions using 
any form of contraception rose from 10 per cent to 60 per cent. In industrial countries, the 
comparable contraception rate was 63 per cent in 2003. He notes that in poor countries 
the change in contraception use is often given strong governmental support. According to 
him, many experts have been surprised by the speed of reproductive change in some of the 
poorest and most illiterate states. However, contraceptive practice remained low in Sub-
Saharan Africa (Cheong 2009, 166–173).

Kathryn Ross (2006) investigated the similarity of Finland and Kerala in the illustrative 
assessment of a high-income and a low-income case. The comparison highlights that the 
combination of gender equality and literacy enhances social development, regardless of the 
income level between the cases studied. Rames Adhikari and Yothin Sawangdee (2011) 
wanted to know whether women’s autonomy has influenced infant mortality in Nepal. 
In the study, the importance of women’s autonomy is assessed by two binary variables, 
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firstly by the literate/illiterate status of women and secondly by women’s decision-making 
autonomy in obtaining health care for themselves (for details see 2011, 2). In the logistic 
regression analysis of their study, both of these variables were significant after a wide set 
of control variables. Two variables on women’s reproductive autonomy and contraception, 
“Total number of children ever born” and “Previous birth interval”, had a very significant 
relationship to infant mortality. A higher number of children seemed to increase the odds 
ratio on infant mortality while a longer birth interval decreased it. These results reflect the 
study at hand, as the fertility rate and the contraceptive prevalence ratio capture women’s 
reproductive autonomy.

Ulrike Boehmer and John Williamson (1996) discussed the effect of women’s status 
on infant mortality in 96 less developed countries. They divided status into four broad 
dimensions: (1) educational, (2) political, (3) economic and (4) autonomy, these things affect 
women throughout the life cycle. These are the domains that Shen and Williamson (2001) 
focused on in their regression study on infant mortality decline. They utilized ”usage of 
modern contraceptives among married women” as an indicator of gender equality besides 
the variables on female secondary education and gender parity in secondary schooling. 
The assumption is that the life cycle related autonomy of women is greater when modern 
contraceptives are used and the number of children is smaller. They view the prevalence 
of contraception as an indicator of women’s reproductive autonomy. The study at hand 
focuses on the variables that cover educational status and life cycle related autonomy.

Fertility decline happens across cultures and religions. The average fertility rate for 
women of the early 21st century world is 2.5. There is a notable historical decline that has 
occurred over the last century. At present, fertility poles include Sub-Saharan Africa (an 
average of around five children per women) and, developed Northeast Asia and Eastern 
and Southern Europe (just over one) (Therborn 2011, 146). Also, Haidong Wang et al. 
(2014, figure 4) point out the uneven decline of fertility across continents. The high fertility 
of Sub-Saharan Africa is seen as a negative factor for child mortality decline, whereas 
elsewhere the rapid decrease in family size is defined as a mild positive factor. David Brady 
et al. (2007) found fertility to be one of three main variables (besides secondary schooling 
and urbanization) to challenge the primacy of the GDP as the contributing variable for 
infant survival in poor countries. 

The global data on women’s autonomy indicators is an important initiative and fruitful 
domain of information. The United Nations’ report, The World’s Women includes useful 
indicators on women’s autonomy, however, the survey only covers 44 out of the 80 countries 
of this work. Once the coverage of the data improves, the following variables used in the 
report might prove useful for specifying the mechanism of women’s autonomy for infant 
survival
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1) Married persons aged 15–49 earning cash income in the last 12 months (per cent) (e.g. 
parity as male and female have separate rates

2) Married women aged 15–49 not participating in the decision on how own earned 
money is spent (per cent) (UN 2010).

Regarding women’s autonomy, gender inequality in education is a focal dimension (see a 
broad review by Buchmann et al. 2008). The UNESCO Institute of Statistics (UIS) finds 
substantial global level disparities between young men and women in access to secondary 
education. Between 1999 and 2009, the female gross enrollment ratio increased from 69 
to 79 per cent in lower secondary education and from 43 to 55 per cent in upper secondary 
education globally. The UIS has compiled a “gender parity index of the educational 
attainment level of adults aged 25 years and older”, which shows wide regional diversity 
(UIS 2011, 79, 34). Still, it is important to keep in mind the contrasting evidence. Monica 
Grant and Jere Behrman (2010) indicate that among children who have attended school at 
some stage in their lives, girls (younger than 16 years of age) have equal or greater schooling 
progress than boys of the same age, and this holds true in all regions of the developing 
world.

2.6 Material Conditions behind Infant Survival
Many important studies on infant mortality have found that material conditions, reflected 
e.g. in the gross domestic product or gross national income, have a significant influence 
on infant mortality (Subbarao & Raney 1995; Shen & Williamson 2001; Hanmer et al. 
2003; Brady et al. 2007; Schell et al. 2007). Beside this, there is a continuous discussion on 
the centrality of economic growth in enhancing wellbeing in low income countries (Ghai 
2000; Brady et al. 2007; Molina & Purser 2010). A part of the discussion on material 
factors was tackled in section 2.4 as material variables are often studied as co-variants 
besides education when determinants of infant survival are examined.

Haidong Wang et al. (2014, 959–973) studied the changes in child mortality from 
1990 to 2013 using the Shapley decomposition of changes. This method has its roots in 
game theory. Each factor was computed separately utilizing a wide set of scenarios. In the 
counting process only the factor of interest changed value and the other factors remained 
unchanged. The same process was repeated for all six factors, among which income poverty 
was the leading cause of child mortality in the poorest six super-regions where the countries 
of this study are located. 

Xavier Sala-i-Martin and Maxim Pinkovski (2010) showed how a close relationship 
exists between GDP growth and the poverty rate in Sub-Saharan Africa. Their paper 
also presents major theories that explain this relationship further. Also discussion on the 
relations between wealth, poverty and health on the global scale is important (Deaton 2013, 
23–58). Jonathan Haughton and Shahidur Khandker provided an extensive overview on 
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international poverty comparisons including key methodological concerns. They remind 
us that other things e.g. inequality, in addition to economic growth, influence the level of 
poverty (2009, 181–202). Michael Marmot (2005) demonstrates inequality between levels 
of income and child mortality in four countries (Indonesia, Brazil, India, and Kenya). The 
poorest fifth have a roughly three times higher child mortality rate than the richest fifth 
within these countries. This study produces general models. This should not hide the fact 
that there are significant inequality gaps related to infant mortality. 

Material improvements can be seen as a part of urbanization. Brady et al. (2007) 
find the urbanization rate to be the single most important variable besides the fertility 
rate in explaining infant mortality in 109 less developed countries from 1980 to 2003. 
This view is supported by Therborn (2011, 169–172) who generalizes that contemporary 
urban dwellers do better than their rural compatriots because many crucial health and 
educational services are more accessible in cities and towns than in the countryside. The 
rapid urbanization of Euro-America in the 19th and early 20th centuries is comparable to 
what is happening now globally. The difference, according to Therborn, is that over 100 
years back in time the Western urban life was more risky than the rural one. There is 
proof that the current urbanization is not solely advantageous as Mike Davis (2006) aptly 
describes. Contemporary urban life in poor countries includes many polarizing tendencies. 
More than sixty per cent of urban populations in the least developed countries live in 
slums (Unger 2013). This calls for more detailed research on urbanization and a better 
understanding of it (see also Garenne 2010). 

2.7 Child Health Provision behind Infant Survival
Child health practices and services are often addressed in research as these are the immediate 
factors of infant death. Child health provision is a wide scholarly field from cultural habits 
and folk practices on health to modern medicine and related health services. Modern health 
services in low and middle income countries have to tackle issues of provision, access and 
acceptability often with scant resources. This section focuses on modern health services 
and those health practices that have evidence based effect. The section moves from child 
health practices to child health services. But first a few key figures are given to form a more 
thorough picture of global infant mortality. 

UNICEF (2012a) states that there were 5.4 million infant deaths worldwide, and 
7.6 million who died before their fifth birthday in the year 2010. The infant mortality 
rate is defined as the number of infant deaths (one year of age or younger) per 1,000 live 
births. Infant mortality accounts for 70 per cent of the under-five mortality in developing 
countries. The causes of death are largely similar for both children under five and infants. 
An evident difference lies in the neonatal mortality rate (within the first 28 days), which 
forms a larger share within the infant mortality total (57 per cent) than in the under-five 
mortality total (40 per cent share) (UNICEF 2012a). Rafael Lozano et al. (2012) present 
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the causes of infant mortality excluding neonatal mortality. The most common cause for 
infant mortality beyond the neonatal period is lower respiratory infections, including 
pneumonia with a total share of 20 per cent worldwide. It is followed by diarrhea (17 per 
cent). Malaria causes 12 per cent of the infant deaths beyond the neonatal period. 

Henry Mosley and Lincoln Chen (1984) define two major frameworks for the study of 
child survival in developing countries. These are the traditions of social and medical science. 
Social science is usually more interested in socioeconomic determinants of mortality while 
medical scientist focus on diseases and morbidity linked to child survival (e.g. Black et al. 
2003). Regarding child survival, the emphasis is usually on health interventions (e.g. Bryce 
et al. 2003). The global report on child survival (UNICEF 2007) mostly examined the 
proximate causes of child survival, and emphasized improving health services and health 
practices. These are two completing views to child health provision. The former emphasizes 
a provider view and the latter a subject perspective of child health enhancement. 

Alongside health interventions, nutrition also plays a significant role in child and infant 
survival (see Black et al. 2003; Black et al. 2008; Caulfield et al. 2004). Considering babies 
under one year of age, breastfeeding is important for nutrition and the developmental 
outcomes of the infant (Gartner & Morton & Lawrence et al. 2005; Skolnik 2012, 130, 
168–69, 218). Breastfeeding and human milk provide an infant numerous health benefits 
including better protection and improved developmental outcomes (Gartner et al. 2005). 
Particularly important here is that breastfeeding gives protection against infectious 
diseases (diarrhea and acute respiratory infections) (Victora et al. 2000; Arifeen et al. 
2001). Pneumonia and diarrhea are two among the most significant proximate causes for 
infant mortality (UNICEF 2007; Rudan et al. 2007; Wardlaw et al. 2010). Cesar Victora 
et al. (2000) pool the information from three studies (from Brazil, Pakistan, and the 
Philippines) and prove that the protection against infectious diseases (diarrhea and acute 
respiratory infections) provided by breastmilk is substantial. The effect declines steadily 
with age during infancy. They also show that those with the lowest education benefit from 
breastfeeding the most. The findings on breastfeeding and infectious diseases have an effect 
on the formation of the study at hand.

Much of that which applies to child mortality also holds true to infant mortality in 
regard to importance of healthy physical environment. Unsafe water and inadequate 
sanitation are risk factors for diarrheal diseases but also to pneumonia, neonatal disorders 
and undernutrition (UNICEF 2007, 8). Several prior findings argue for adequate sanitation. 
Ulrike Boehmer and John Williamson (1996) found the role of improved sanitation 
very significant when they tested cross-sectional determinants of infant mortality in 96 
less developed countries. Additionally, Carrie Shandra et al. (2011) compiled a two-way 
fixed effects regression model on 31 countries with four time points (1990, 1995, 2000, 
and 2005). They found that an improved sanitation facility is an asset to gain better child 
survival within Sub-Saharan African nations. 
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It is possible for medical studies (Victora et al. 2003; Wang et al. 2014) as well as 
social science studies (e.g. Schell et al. 2007) to focus on socioeconomic determinants of 
child health. Haidong Wang et al.’s article (2014, 959–973) on neonatal, infant and child 
mortality provides estimates on how child mortality has changed between 1990 and 2013. 
The secular trend, a massive aggregate of health-related factors, is one of five structural 
variables. It captures the general modernization process including improvements in child 
health technologies and interventions. These are added to other technological changes such 
as the expansion of roads or other related infrastructure. The secular trend is the most 
powerful variable and it explains from about 1/4 to 1/2 of the child mortality change 
throughout six low and middle income super-regions. No doubt, Hib, pneumococcal, 
hepatitis-B, and rotavirus vaccines have large independent roles and potentials in cutting 
infant mortality (Jones et al. 2003; Tate et al. 2012; Watt et al. 2009). These improvements 
are conceptualized as part of the secular trend.

Increased health spending is assumed to improve access to health services which in turn 
could improve infant survival. However, Deon Filmer and Lant Pritchett (1999a) and Carl 
Otto Schell et al. (2007) find that public spending on health is not a significant predictor of 
infant mortality across the globe when control variables are applied. The same was found in 
a pre-test while planning this study on the countries of medium human development (N= 
51). Once controlled with income poverty and women’s schooling neither public spending 
on health (r=0.24, p=0.08) nor total health expenditure (r=0.18, p=0.20) were correlated 
with infant survival (data based on UNDP 2009; WHO 2009).

The Composite Coverage Index (CCI) is a major index on maternal and child health 
services (see Appendix V for details). This global aggregate level index is a useful indicator 
in understanding how health services contribute to infant survival. If one health related 
process was to be chosen, it would be increased measles (MSL) vaccination coverage. It 
alone is largely responsible for the positive development in the decline of the global infant 
mortality rate. In 1980, measles caused 870,000 child deaths annually whereas in 2008 an 
estimated 118,000 children under five died from this easily preventable disease (Nature 
2011).

Neonatal mortality accounts for 57 per cent of infant mortality (UNICEF 2012a). This 
study is not geared to discuss the neonatal survival in detail as it has its own dynamics 
and is only partially linked to infant survival. During the neonatal period, the roles of 
modern health services and technology, as well as the availability of trained staff are 
significant. Particularly the presence of skilled health personnel assistance in delivery (Barros 
et al. 2012; UNICEF 2011b) is critical for neonatal survival and the safety of mothers. 
Richard Skolnik (2012, 218) states how the survival of a newborn baby is closely linked 
to the availability and quality of healthcare services. Obstetric services or resuscitation aid 
are critical for survival in emergencies. Also advising families on keeping babies warm and 
initiating breastfeeding early increases infant survival. Furthermore UNICEF (2014, 35) 
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demonstrates three important birth related factors that are associated with high neonatal 
mortality: short birth interval, high birth order, and small birth size.

Before concluding chapter 2, a few general notions are drawn from the study which 
examines the structural factors of child mortality globally. The effect of maternal education 
is relatively universal among the poor super-regions. Maternal education accounts for about 
1/3 of the total composition behind the decline in Sub-Saharan Africa and in South Asia 
and about 1/5 of the total decline of child mortality in the other four of the less affluent 
regions. The secular trend explains from about one fourth to half of the child mortality 
change. The smallest effect of the secular trend is in the regions of Southeast Asia, East Asia 
and Oceania, and the largest in South Asia. The largest diversity between super-regions is 
due to fertility, which forms a major harmful factor of child mortality only in Sub-Saharan 
Africa. The positive role of income on the child survival change were greater in the region 
of Southeast Asia, East Asia and Oceania than in the other five comparable super-regions 
(Wang et al. 2014, figure 4).

This section shows that there are societal dimensions that are repeatedly studied but 
often with a constricted research design. Structural studies leave proximate variables out, 
so that no important immediate child health variables may be taken into account as an 
input variable. And medical or health studies tend to exclude such dimensions as material 
conditions, education or gender equality. When there are three or four possible strong 
determining dimensions behind infant survival, leaving some of them out results in a 
limited view on their mutual importance.  This work will provide a wide multi-disciplinary 
control on the following research dimensions: women’s reproductive autonomy, material 
conditions, child health practices, and child health services. The study by Haidong Wang et 
al. (2014) is an advanced and holistic one, but even its conceptual dimensions may benefit 
from a more detailed dimensional breakdown, especially regarding the secular trend.



38 Mikko Perkiö

3 STUDY DESIGN

The study design is constructed in the following order. First, the conceptual map of the 
study is introduced. Infant mortality as an outcome indicator (a reverse measurement of 
wellbeing) forms the heart of the empirical research design. This is followed by the input 
variables. The link between women’s education and infant survival is justified, and then 
illustrations on two possible mediatory routes through which women’s education could 
indirectly influence infant survival are introduced. This is followed by an explanation of 
the rest of the input variables. Finally, the temporal analysis has a brief discussion of its 
own.

3.1	 Justification
There are two interconnected reasons for this study. Firstly, it will produce valid models 
on the impact of women’s schooling on infant survival when economy, child health 
provision and gender autonomy, are taken into account. Structural equation modelling 
is able to produce apt estimates in the form of path models on possible variables behind 
infant survival. Secondly, these models will show the cross-disciplinary and broad scope of 
social and public policies that are needed to improve wellbeing in low and middle income 
countries. 

Figure 3.1 presents how linear regression analysis and structural equation modelling 
are used as methods to study the country level (aggregate) data on infant mortality. In 
addition, the partial correlation analysis is utilized in preparatory analysis. The linear 
regression models indicate direct effects and offer provisional information on the possible 
indirect associations. Before progressing to structural equation modelling (SEM) some less 
adequate variables will be eliminated. The work also reports the analysis of less significant 
variables openly in order to increase its reliability. Structural equation modelling 
complements the linear regression analysis. SEM takes indirect effects specifically into 
account by constructing path models which show plausible paths of influence and indicate 
the relative weight of women’s schooling among the key variables studied.
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To estimate the temporal stability of models, one repeated measurement test is carried 
out both for linear regression and structural equation. These models elaborate the effect 
of the same variables in two time-points, firstly in 2000 and secondly in 2009. Both time-
points are regressed against the infant mortality in 2010.

Figure 3.2 places the work into the matrix formed by two crossing axis that are fundamental 
for this study. The vertical axis tackles internal vs. external variables which form a major 
distinction. This study explores causation (see the horizontal axis of Figure 3.2) in relation 
to the different levels of proximity. 

Figure 3.2 also covers the most important excluded and controlled variables. Only 
minimal discussion is given to the excluded variables but all included ones are introduced 
in Figure 3.3, which presents the core of the frame of reference in the work.

Figure 3.1. Analyses on Infant Mortality
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The global variables on the distal level are excluded from the study design because previous 
research (Shen & Williamson 2001; Brady et al. 2007) have proved them to be less relevant 
to infant survival. This means one of the four areas is left out of this analysis (global-
distal combination). It has been more common for studies on distal (structural) factors of 
infant survival to focus on external over internal variables (Shandra et al. 2004; Shen & 
Williamson 2001; Frey & Field 2000). Some studies address external and internal factors 
with equal weight (Schell et al. 2007; Brady et al. 2007). None of these studies have aimed 
at solely examining internal (societal) variables which this study will do. There is a need for 
a re-assessment over the split frameworks focusing either on proximate or distal variables of 
infant survival. This study looks at these variables as a whole.

Figure 3.2. Conceptual Design and Variables behind Infant Survival
Note:	The	variables	are	classified	into	Figure	3.2	through	the	following	textual	marks:	
 Bold = included	variables	 	 Normal	=	excluded
	 Bracket	(offers	explanation)	 	 Italic	=	controlled
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The study aims to assess the effect of women’s education on infant survival. The design 
will cover societal variables from distal to proximate ones (Figure 3.2). The work includes 
powerful proximate variables, such as immunization, breastfeeding, professional birth 
assistance or case management for serious diseases that have been rarely tested in global 
regression based studies. The influential proximate variables operate as a test of significance 
to women’s education and to other distal/structural variables of infant survival. The 
different levels of proximity are visible in the mediation analyses that include indirect 
effects. Cesar Victora et al. (1997, 226) show how the total effect on a health outcome (e.g. 
infant death to diarrhea) is the sum of direct and indirect effects. 

The determinants of population health are often organized into a hierarchy from distal 
to proximate levels. The groundbreaking “Analytical Framework for the Study of Child 
Survival in Developing Countries” (1984) by Henry Mosley and Lincoln Chen is a useful 
stepping stone for the study at hand. The medical causes of death are often not addressed 
in social science. Correspondingly, socioeconomic determinants usually remain non-
existent in a medical framework and there are more proximate level medical mechanisms, 
such as preventive and therapeutic interventions, to focus on. The work at hand tries to 
combine these traditions, though it is slightly closer to the social science framework. This 
work takes key preventive and therapeutic interventions of child health into account 
(internal-proximate corner of Figure 3.2) but it also addresses all the main socioeconomic 
determinants (internal-distal corner). 

It is important that the prevalence of any fatal diseases are not defined as a variable 
(apart from the HIV/AIDS rate among young women as a control variable), individually 
or as parts of composed indicators. Analyzing diseases as variables could also risk further 
understanding on the mutual priority between structural factors behind infant survival.

One corner of the cross tabulation (external-distal) is excluded. And the remaining 
three of the four corners (Figure 3.2) are carefully controlled. Countries were screened out 
of the data by the extensive societal instability caused by either conflicts or HIV/AIDS 
epidemics. Some control variables on modernization will be tested as additions to the main 
path model. One important life resource, electricity coverage, is left out of the analysis 
because of the unavailability of data.
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Figure 3.3 organizes the research evidence surrounding the relationship between women’s 
education and infant survival. The variables of the figure are tested in the cross-sectional 
linear regression. The most important of these variables will later be examined in the 
structural equation modelling. There will also be a repeated analyses to estimate the effect 
of time. This aspect is not visible in the figure. The independent variables in the figure are 
organized hierarchically, distant ones further from the dependent variable, and proximate 
ones closer to it. The linear regression models form the basis for the later structural equation 
modelling which will turn these preliminary figures into path models.

There are two large scale debates that have formed the background for this study. Firstly, 
the social benefits of education have been debated with increasing accuracy during the 
last decades. The strong cross-disciplinary consensus on the relationship between female 

Figure 3.3. Variables for Analyzing the Role of Women’s Schooling and Its Co-Variants on Infant 
Mortality
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education and infant survival (Subbarao & Raney 1995; Shen & Williamson 2001; LeVine 
et al. 2001; Hanmer et al. 2003; Hannum & Buchmann 2005; Schell et al. 2007) was 
discussed above. The target of this study is to build a solid inter-disciplinary context for 
the examination of this relationship. Secondly, the social determinants of infant survival 
form a broad cross-disciplinary framework which is behind many of the studies reviewed. 
However, there is a need to involve all adequate internal variables, including recently 
released bodies of data, in an aggregate level study to provide reliable universal estimates on 
the role of women’s education. Structural equation modelling will be the key method for 
producing the valid models. 

3.2 Women’s Education as a Master Variable of Social Development
Women’s education is taken as a point of departure. Although women’s education has 
gained substantial attention, it is a marginal discourse as a mean of social development 
when compared to the imperative of economic growth (see e.g. Deaton 2013). The 
economic component is also emphasized by the Human Development Index, a major global 
wellbeing measure (Pritchett 2010). The modelling here emphasizes education, as the wide 
research evidence suggests. This section discusses the ways in which women’s education 
in a comparative study could be carried out in a feasible manner. First, some problematic 
options are discussed which lead to the choice of a realist variable as a master variable in 
the study.

The evidence of the Freirean framework (see chapter 2.2) and also some newer research 
speak for focusing the study of education on literacy, as it is a core skill of education with 
transformative potential (LeVine et al. 2001, LeVine & Rowe 2009; the conceptual overview 
on literacy see Perkiö 2011). However, documenting the skills that education generates 
is a painful task in a global scale examination. Thus using literacy as a valid and reliably 
measured educational variable in a quantitative study, such as this one, is questionable as is 
proved next.

The global literacy data relies on the literacy-rate, which is the two-dimensional 
measure of literacy. UNESCO has given an international standard definition: “a person 
is literate who can with understanding both read and write a short simple statement on his/
her everyday life” (UNESCO 1957, 19–20; 2005, 162–163). International literacy data 
consisting of literacy rate tables has many serious problems of reliability (UNESCO 2005, 
163–164). First, there are many countries which do not use the standard definition but 
one of their own invention. Secondly, a country may change its definition from one year 
to another which creates another difficulty to comparative research. For example, Pakistan 
had five national censuses which each applied a different definition of literacy. Thirdly, 
another matter of global variation is the age people are considered (literate) adults. The 
most common definition of an adult is from 15 years and up. However, some countries 
have set shockingly low age limits for a person to be regarded as an adult at 10, 7 or even 
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5. Fourthly, there is diversity in data collection methods across the nations that have been 
compared. To measure an individual’s literacy level, three methods were used in censuses: 
self-declaration, third-party assessment often reported by the head of the household (both 
mentioned are subjective measures) and the educational attainment proxy. All three of 
these have their problems. (UNESCO 2005, 163–164.) 

Direct i.e. objective assessments that have been applied in recent years provide a more 
realistic picture of individual literacy levels (UNESCO 2005, 156–164; Schaffner 2005b). 
In Ethiopia, a family’s subjective assessment lead to roughly twice as high estimates of the 
literacy rate as those measured in objective assessments (Schaffner 2005a). Schnell-Anzola, 
Rowe and LeVine (2005, 874) studied the literacy level of 167 mothers in Nepal. 28 per cent 
of the women who claimed to be literate, scored zero when tested. All the facts mentioned 
above cast doubt on the possibility of using international literacy rate data. 

As an alternative to literacy, Robert Barro and Jong-Wha Lee (2010) provide a 
comprehensive time-series from 1950 to 2010 on women’s total educational attainment, 
which paints a complete picture on the education of all women by the countries examined. 
A substantial increase in the average attainment rates means that new cohorts are much 
more educated than the preceding ones. In the countries that started at low levels, the 
women’s average years of schooling have grown even tenfold, but usually up to over three 
fold between 1970 and 2010 among the 60 countries found in this study (Barro & Lee 
2010). As Barro and Lee’s data places the emphasis on development over a long time range, 
data is limited to 60 of the 80 countries of this study. The insufficient availability of data set 
this variable aside as the analysis could not proceed with missing data from 20 countries. 
In the cross-country analysis the enrollment data with full coverage (N=80) was the only 
feasible option for a master variable.

This study does not use the education index from the Human Development Index, 
which is a sub-index consisting of a joint variable of literacy rate and the combined gross 
enrollment ratios of different levels of schooling. Utilizing this would have the effect 
of including the primary schooling rate with its narrow variation, as well as the literacy 
rate that suffers from reliability problems. In addition, and most fatally, it would lead 
to excluding gender factors from the analysis. So, the master variable of the study is the 
national women’s secondary schooling gross enrollment rate. The variable is defined 
similarly in many significant country level studies on infant mortality (Subbarao & Raney 
1995; Shen & Williamson 2001; Frey & Field 2000; Shandra et al. 2004). 

The choice of educational level has also been influenced by Emily Hannum and Claudia 
Buchmann (2005, 348) who conclude in their landmark review: “educational expansion 
through the secondary level appears to be extremely important for reaping many health and 
demographic benefits.” These results of the studies that address the relationship between 
women’s education and infant mortality are discussed in detail in chapter 2.4.

UNESCO’s Global Education Digest (UIS 2011, 17) focuses on secondary education 
and presents regional enrollment charts from 1970 to 2009. Educational expansion is 
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visible in women’s secondary school enrollment in 2000 and 2009. The average rate of the 
80 countries has risen from 50 per cent to 61 per cent (UIS 2011; UNESCO 2011). See 
Appendix VII for the distribution of women’s secondary enrollment in 2000 and in 2009. 

The study, while utilizing secondary enrollment rates as a variable, does not address the 
quality of schooling (see an enlightening global overview on education by Therborn 2011, 
154–155). Nevertheless, learning results gained at a certain level of schooling diverge across 
countries. For example, reaching the basic literacy skill level took 6 years of schooling in 
Ethiopia while in Nicaragua it took 5 year (Schaffner 2005b). Since the 1960s, there has 
been an interest in assessing students’ national learning achievements from a comparative 
perspective (see Thorndike 1973). The latest scheme for assessment is PISA (Programme 
for International Student Assessment) implemented by the OECD in 2000. PISA tests 
students in 70 countries which account for 90 per cent of the world’s economy (OECD 
2011). One of the top-performers of PISA, China, is included in the data used in this study. 
Enrollment at secondary level in China guarantees much greater skills on average than in 
some of the poorest countries of the sample. Correspondingly, the social environment in 
which literacy skills can be used is more complex in China than in the poorest countries 
of the data. So, the chances for utilizing education are not uniform across the countries 
studied. 

3.3 Infant Survival as an Indicator of Wellbeing
This empiric study models universal structures of wellbeing across 80 low and middle 
income countries. Instead of measuring all the possible aspects of wellbeing, this study 
approaches the topic in a more definite way. The low level of infant mortality is taken as 
a distinct measure of wellbeing. Infant mortality has substantial variation across the 
industrially less developed continents. The normative assumption is clear; a society with 
less infant deaths ranks higher in wellbeing. Wellbeing is seen here as an objective outcome 
which is influenced by objective resources. This concept has high comparability but it does 
not take into account the experience of wellbeing which may vary between individuals or 
collective units such as countries (Saari 2011, 34–38).

Ian Gough et al. (2007, 4) define the objective of international development as creating 
the conditions that enable wellbeing for all people in the world. Here, the aim is to test such 
variables that are proven to carry value as resources of wellbeing in low and middle income 
countries. This study extends the analysis on previous findings (e.g. on the importance 
of education, urbanization, fertility) first, by linking these to a wider set of adequate 
variables, and second, by organizing associative paths between key variables to model the 
determinants of infant survival in a meaningful way.

As a practical implication, this study becomes a specific test on the importance of public 
policies (social policy, education, and health provision) (Hanmer et al. 2003; Ghai 2000) 
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on infant survival. It should be kept in mind that the results apply to the society level, as the 
study concerns cross-country variations. 

The survey of earlier studies shows that women’s schooling is a core issue in 
understanding infant survival in low and middle income countries. Accordingly, the United 
Nations Sustainable Development Goals (SDG) framework reflects these issues in three 
of its seventeen goals. In contrast, the Human Development Index (HDI) by the United 
Nations’ Development Programme (UNDP) addresses this relationship only partially. The 
HDI has been measured annually from 1990, and it includes three components: economic, 
educational and one on longevity (health). The index does not specify gender in relation 
to education. Longevity is the health indicator in the Human Development Index. It is 
noteworthy that global variation of longevity is much smaller than variation of infant or 
child survival. 

However, replacing the GDP with a better measure such as the HDI is not the ultimate 
solution, quite the opposite. Lant Pritchett (2010, 1) notes how the Human Development 
Index is a misleading indicator of human development. He believes the way of measuring 
different components of the HDI has turned it into a “logarithmic pseudo-GDP”, as the 
non-economic components of the HDI (education and life expectancy for health) enter 
the index in levels, and the economic component is counted as a logarithmic version. The 
correlation of the HDI and GDP per capita is as high as 0.95. This means that there is a 
need for a wellbeing indicator that addresses human wellbeing aspects other than income.

The absence of income poverty may also be understood as wellbeing. This straightforward 
stance on poverty will be reflected in this work. Observing levels of income poverty links 
to the Sustainable Development Goal number 1, which aims to “end poverty in all its forms 
everywhere” (UN 2015). There is a wide academic debate on the structures and the solutions 
of global poverty. Abhijit Banerjee and Ester Duflo (2011) have written a textbook full of 
practical examples from experimental economics on how poverty can be beaten. Angus 
Deaton (2013) provides a journey with historic length and global coverage on how wealth 
and health are connected. 

The international income poverty line is defined as the share of those who live on 
less than 1.25 dollars per day at 2005 purchasing power parity (Ravallion et al. 2008). 
Alternatively, $2/day threshold has been applied, and that rate will be used in this study 
(see the variables section 4.3 for more details). The same critique on non-monetized and 
self-sustained (e.g. peasant) forms of living applies to the income poverty rate as do to the 
GDP. 

The multidimensional poverty index (MPI) covers the same three dimensions (material 
wellbeing, health and education) as the HDI. The MPI is a new composite indicator of 
global wellbeing, which takes into account the wide set of adequate resources for livelihood 
from the viewpoint of poor people. Its one advantage is that it includes child mortality. 
Child mortality and malnutrition form the two halves of the health component of the 
index. The two more major components are living standard (economic), and education. 
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Neither the HDI nor the MPI distinguish gender in education data (see UNDP 2010 
chapter 5 and table 5; Alkire & Foster 2011). This study on the other hand takes it into 
account. 

The global indices, such as the HDI and the MPI, observe the levels of the chosen 
indicators and describe wellbeing. However, these indices reveal little of the mechanisms 
between their three core dimensions (economy, education and health) (see Babones 2014, 60 
for similar skepticism on the Human Development Index). This study defines life chances 
/ survival as the most fundamental of these three dimensions. So, infant survival becomes 
an outcome variable and the other two dimensions are regarded as input resources. Figure 
3.3 shows how this work investigates the processual nature of wellbeing. The indirect paths 
(Figure 3.4 and Figure 3.5) will be combined with Figure 3.3, which slightly complicates 
the formation of the model. Section 3.4 introduces these mediations.

This work is also an empiric investigation on basic poverty measures. The third 
component of the Multidimensional Poverty Index, the living standard deprivation 
rate, will be tested as an alternative to the income poverty rate. Both of these poverty 
indicators are tested as resources of wellbeing. They are not applied as outcome indicators 
of wellbeing. The multidimensional poverty index as a whole could not be employed here, 
as two of the three components of the index consist of education and health, which are here 
conceptualized independently.

In order to provide a more comprehensive examination than George Molina and Mark 
Purser (2010), a more extensive array of explanatory variables is applied here than in their 
evaluation on the achievements of the HDI. In contrast to their work, this study has a 
clearly shorter time frame and it does not apply panel analysis. To study universal processes 
of wellbeing in low and middle income countries, it is feasible to choose a single outcome, 
infant survival, which lies at the core of the scope. 

3.4 Mediators
The deepening understanding on the relationship between women’s education and infant 
survival is a major way this study can contribute to existing knowledge. Mediation is a 
mechanism between two variables of interest. Two plausible mediatory routes could 
transfer the influence from women’s schooling to infant survival. These are child health 
provision (indicated here by the child health services index) and women’s reproductive 
autonomy, which will both be tested in this study. 

Child health variables are studied as mediators in structural equation modelling in this 
study. Robert LeVine and Meredith Rowe argue how maternal schooling influences child 
health outcomes through literacy skills that enable better health practices. Furthermore, 
LeVine and Rowe describe various mediatory mechanisms that are taking place between 
maternal schooling and child health (2009, 340–343). The first part of the section justifies 
why the child health services index should be defined as a mediator of the study.
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Child Health Provision as a Mediator

Haidong Wang et al. (2014, 959–960) conceptualize “secular trend” as something that 
broadly captures child health technologies and interventions with other technological 
changes that contribute to child health. Both proposed mediators – the child health 
services index and women’s reproductive autonomy – are elements of the secular trend. 
This means that the secular trend will be conceptualized by several variables in this study.

There are three ways to operationalize child health provision. One of these is health 
expenditure. This view is excluded as Deon Filmer and Lant Pritchett (1999a) as well as 
Carl Otto Schell et al. (2007) have shown public spending on health to be an insignificant 
predictor of infant mortality across the globe when adjusted for confounding. Similar results 
were found in a pre-test of this study on the countries of medium human development (N= 
51). Once controlled with income poverty and female education neither public spending 
on health (r=0.24, p=0.08) nor total health expenditure (r=0.18, p=0.20) correlated with 
infant survival (data based on UNDP 2009; WHO 2009). 

The immediate child health variables that are likely to be more informative than health 
spending, describe child health provision. These variables are classified either as child 
health practices or as child health services (see Figure 3.4 below). Both of these dimensions 
include fundamental choices which this section elaborates on. The definitions of child 
health practice or child health service exclude much of the influential health technology. 
Additionally, nutritional status (except breastfeeding) or childhood undernutrition 
indicators are not directly measured in this study for reasons later debated on in this 
section. And finally, exclusive breastfeeding is addressed in this study as an independent 
child health practice but it will not be studied as a mediator, because there is practically no 
first hand correlation between (-0.03; p=0.77) women’s secondary schooling and exclusive 
breastfeeding.
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There are two alternative ways of studying the weight and role of case management of 
infectious child diseases. Case management can be understood as a child health practice 
(user citizen’s view) or as a child health service (provider/administrative stance). The first 
sees case management as an independent variable that describes how people take care of 
their children. The latter is to analyze case management as a part of a combined index 
of child health services, in the same way that the Composite Coverage Index (CCI) on 
Maternal and Child Health Services defines it (Barros et al. 2012). The CCI (see details in 
Appendix V) is a foundation for understanding how health services contribute to infant 
survival (Barros et al. 2012). The variables section specifies how the index is utilized in this 
study. 

As the number of variables needs to be limited for methodological reasons, child health 
services are included in the main modelling through the composite index consisting of 
three parts. Firstly, case management (CMN) of the infectious child diseases will be a 
component of the child health services index indicating the level of child health services. 
Secondly, this study assumes that the measles immunization rate (MSL) operates as a proxy 

Figure 3.4. The Effect of Women’s Schooling Mediated by Child Health Provision on Infant Mortality
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for how countries provide lifesaving vaccines for their populations. Within the main data of 
the study, the immunization rates of measles and the DTP3 (a vaccine against Diphtheria, 
Tetanus, and Pertussis with three doses given to children aged 12–23 months) have a very 
high correlation rate (r=0.93) which shows that several immunization programs tend to 
co-exist. The third component on infant health services relates to the delivery situation. 
This is critical as neonatal mortality accounts for 57 per cent of infant mortality (UNICEF 
2012a). The availability and quality of health services are crucial for reducing this rate 
(Skolnik 2012, 218). The presence of skilled health personnel assistance in delivery (SBA) 
(exact definition by Barros et al. 2012, supplementary appendix) is a critical variable for 
neonatal survival and the mother’s safety. It is important to include the three introduced 
components to the indicator applied.

Beyond the child health services index formed here, some influential health technology 
remains out of the scope of this study. Hib, pneumococcal, hep-B, rotavirus vaccines, anti-
malarials and antibiotics, in addition to insecticide treated bed nets are not covered. These 
kinds of child health intervention factors are combined with improved infrastructure. 
The whole is called “secular trend”, which is proved to partly explain the progress in child 
health outcomes (see Wang et al. 2014).

In contrast to breastfeeding, nutritional status or childhood undernutrition indicators 
are not directly measured in this study, even though undernutrition is an intermediate 
level factor that increases the risks of serious diseases, and is thus closely associated with 
infant survival (see Caulfield et al. 2004). The use of body measurements as a single 
global anthropometrical standard i.e. (an issue of an ongoing scientific debate) leads to a 
problematic global aggregate data that may substantially overestimate undernutrition, in 
for example South Asia, where people are smaller (Klasen 2008). 

Another dimension of nutrition, the nutrient (vitamin A or zinc are the most critical 
ones) deficits are not included because too many poor countries are unable to provide this 
information. UNICEF (2013a) collects data on vitamin A supplementation coverage. 
Although vitamin A intake is an internationally recognized intervention relating to better 
infant survival (Jones et al. 2003), it cannot be studied here due to missing data from 
almost half of the countries. Secondly, the variation in material resources and the richness 
of diet both have significant overlap with the necessity of supplementary vitamin A intake. 
Therefore, the role of vitamin A intake can be made more visible through trials on the 
community level rather than in this kind of aggregate level study. Zinc supplementation 
is even more important for child health than vitamin A (Jones et al. 2003) but UNICEF 
(2013a) does not have sufficient data on zinc supplementation either.

Nutritional aspects may be incorporated into the independent variables of the study. 
According to Robert Black et al. (2008) income poverty is the main condition for a poor 
and insecure diet. This study addresses income poverty as a focal part of all modelling. Also 
increased knowledge on nutrition, and benefits related to it, may be one of the elements on 
how women’s schooling influences child survival. 
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Women’s Reproductive Autonomy as a Mediator

Women’s autonomy is studied with four variables. Two of these deal with women’s 
reproductive autonomy and the two remaining ones are about gender equality in education. 
Similarly to child health indices, contraceptive prevalence as a women’s reproductive 
autonomy indicator will be conceptualized as the mediator that transforms some of the 
advances of women’s education to infant survival. 

Women’s reproductive autonomy is the main form of women’s autonomy studied here 
(see Figure 3.5 below). The fertility rate forms an alternative indicator to contraceptive 
prevalence to measure women’s reproductive autonomy. Fertility is a latent summary 
variable of many visible and hidden processes of modernization, including the emergence 
of contraceptives and improved security for old age. Furthermore, the declining fertility 
rate and related smaller family size indicate not only an increase of reproductive autonomy 
but also a growth of woman’s autonomy more generally. This may have consequences on 
wellbeing. 

Figure 3.5. The Effect of Women’s Schooling Mediated by Women’s Reproductive Autonomy on Infant 
Mortality
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The poorest regions which form the core of the population have a substantial gender gap in 
educational attainment. This supports including the gender parity between women and men 
in secondary schooling rates into the study. Men’s secondary schooling gross enrollment rate is 
used as a control variable on educational gender equality.

The educational and life cycle related autonomy factors are closely linked to each other 
but they also connect to economic spheres. The economic status of women is a complicated 
issue in low and middle income countries where the informal and unpaid sectors are 
generally large. As this study investigates roughly the poorest half of the world’s nations 
through comparative aggregate data, it is impossible to assess the economic activity between 
men and women in a reliable way. 

3.5 Co-Variables
This section discusses all the variables not processed in the above sections related to the 
dependent variable, master variable or mediators. Table 4.7 adds variables to Figure 3.3 
which presented the main dimensions of the study. The nature of co-variables can be 
multiple. Salvatore Babones (2014, 121–129) defines three roles that an independent 
variable may have. Any independent variable may play a 1) contextualizing, 2) competing, 
or 3) complementary role in the model (see Table 4.4). The roles given to independent 
variable are based on their roles in the path analyses. Income poverty has come to play 
a contextualizing role in model building due to its importance for other variables in the 
models. Urbanization is also tested in a contextualizing role. 

Two possible competing variables to the master variable could be found among control 
variables (Table 4.7). However, gender parity of education and women’s years of schooling 
had their respective weaknesses as variables so neither of these could challenge the master 
variable. The fertility rate is a competing explanation to women’s education. The path 
analysis define the association between fertility and infant mortality. This is further 
demonstrated in the analysis chapter. 

Finally, there are two types of complementary variables. The first set of them functions 
as mediators to support the master variable. Breastfeeding represents the second type of 
complementary variable. Including breastfeeding improves the explanatory power of a path 
model.

The United Nations Development Programme (UNDP 2010, 85) divides components 
of human development into five categories: education, health, material goods, political and 
social dimensions. All these aspects except political domain are represented in the core of 
this study. Even the level of democracy as a key political variable is tested as a modernization 
control variable. Here independent variables are also classified into the five categories (see 
Table 4.4): women’s education, women’s reproductive autonomy, material conditions, 
child health practices, and child health services. Among these material conditions is the 
dimension that has not as yet been presented as part of the research design. 
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Robert LeVine and Meredith Rowe (2009, 340–343) summarized the theoretical 
pathways behind the increase in child survival under three headings: communications, 
structure, and resources. The theoretical dimension (Table 4.4) of this work reflects those 
meta-concepts in the following way. Women’s education facilitates communication in a 
society even though it can be seen in all three areas (in italics above). Material conditions 
is mostly a resource perspective. The 2-way association between material conditions and 
women’s schooling (discussed in detail in chapter 6) is obvious, as is the fact that higher 
income level links to higher infant survival in poor countries. Structural variables, such as 
urbanization or the level of democracy, will be tested as control variables.

Material conditions is a focal control dimension for the master relationship. Also the 
mediators in the SEM analyses are controlled by a suitable material indicator, often by the 
income poverty rate. The GDP level is used when the income poverty rate is not available. 
Furthermore, a living standard deprivation rate of the multidimensional poverty index is 
tested (the index, see UNDP 2010, 221–222). 

Economic standing affects infant mortality through multiple routes. Wealth contributes 
e.g. to food security which UNICEF (2007, 3) lists as one of the main structural causes of 
child mortality. Poverty is even more closely linked to food security than the GDP. Within 
the 80 countries studied, the GDP has a strong correlation with the income poverty rate; 
the key variable here to reflect material conditions. 

The pre-tests of this study also found that clean water was not a significant variable 
once there were other more powerful ones involved. Improved sanitation gained medium 
importance which is why it is briefly analyzed. Improved sanitation is tested and presented 
as a part of a supplementary path model in Appendix XII. The urbanization rate may 
be more influential in studies (e.g. Brady et al. 2007) where fewer societal variables are 
included. Within this research design, health services and education are measured as 
separate indicators. This means that the urbanization rate is ‘drained’ of these advantageous 
qualities which inflates its role as a focal associate of infant survival. Haidong Wang et 
al. (2014, 959–960) use the “secular trend” to broadly capture the general modernization 
process from the angle of improving child health. As the secular trend has overlap with 
urbanization the study at hand tests the importance of urbanization for infant survival.

3.6 Involving the Effect of Time
A justified focus on cross-sectional design means that the time dimension can only be taken 
into account in a limited way. The dependent variable remains the same in all analyses. One 
repeated measurement test is carried out for both linear regression and structural equation 
analyses. All the temporal models are presented in Table 6.2 and in Appendix XII which 
offer alternative models to consolidate the main results of the study. The temporal models set 
apart from each other by 10 years, assess the stability of the models. Limitations regarding 
time are due to many of the societal variables having a very short time-series available or 
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there is excessive missing data. These problems are attached to the focal variables of the 
study, such as the income poverty rate and case management of infectious child diseases. 
Neither of these can be applied in the repeated analysis. 

3.7 Research Questions
This quantitative study will estimate how important women’s schooling is for infant survival 
in eighty low and middle income countries. Prior studies have investigated this relationship 
(Cleland & van Ginneken 1988; Bicego & Boerma 1993; Hobcraft 1993; LeVine et al. 
2001; LeVine & Rowe 2009) and found support for the linkage, but often these studies only 
control a limited number of dimensions. Many studies that have addressed the relationship 
between women’s schooling and infant survival also involve economic variables (e.g. Shen & 
Williamson 2001; Frey & Field 2000). Another line of studies on the relationship between 
women’s education and infant mortality take health services into account (Subbarao & 
Raney 1995; Hanmer et al. 2003; Schell et al. 2007). Also women’s reproductive autonomy 
has been considered in the relationship between women’s schooling and infant survival by 
Shen and Williamson (2001) and by Brady et al. (2007). This work aims to analyze all these 
dimensions – economy, health and gender autonomy – simultaneously as control variables 
to the master variable; women’s education. 

There is a positive improving trend in infant survival globally. So, time explains the level 
of infant survival but it explains it less than internal variables such as fertility, urbanization, 
GDP and secondary education (Brady et al. 2007, 16–18). In order to estimate the temporal 
stability of models, one repeated measurement test is carried out for both linear regression 
and for structural equation. These models elaborate the effect of the same input variables 
from two points in time, 2000 and 2009 on the infant mortality in 2010.

The purpose of this study is to reassess the relationship between women’s education and 
infant survival by introducing a wide array of control variables. Therefore, the study asks 
two main questions. The first research question is content driven. And the second one is 
more technical.

1. What is the importance of women’s education for infant survival in relation to 
other societal variables in low and middle income countries?

The results will be relative accounts on the importance of women’s schooling which is 
contextualized with the other variables of the investigation. The aim is to include the most 
important societal (internal) explanatory variables which have relatively equal impact across 
the non-affluent countries. The broad disciplinary scope is one of two major advantages of 
the study.

The master variable is defined as the women’s secondary schooling gross enrollment 
rate (chapter 4.3). The dependent variable is infant mortality referring to the percentage 
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of all children born that live less than one year. The wide array of control variables include 
GDP, income poverty, breastfeeding, measles immunization, sanitation and skilled birth 
assistance.

This investigation provides an account on how important welfare and public policies are 
for infant survival. Social and public policies including education, both as administrative 
sectors as well as academic disciplines, should be more aware of their relevance to global 
wellbeing challenges such as infant survival. This work has relevance for public policy in 
addition to its scholarly importance.

2. How does structural equation modelling work as a way of analyzing variables 
related to women’s education and infant survival in low and middle income 
countries?

The linear regression models show direct effects and carry some information on indirect 
effects too. Structural equation models take indirect effect into account. The interplay 
between the two methods will provide a useful interpretation on the relationship between 
women’s schooling and infant survival in low and middle income countries. The aim is to 
examine some of the most important paths of influence with structural equation models.

Structural equation modelling may prove a useful tool for analyzing how societal 
structures have an effect on wellbeing via proximate variables, such as health practices. The 
possible importance of indirect effects will cast new light for interpreting other studies 
based on linear regression only.

Haidong Wang et al. (2014) clarify the effects of various variables on child mortality 
change from 1990 to 2013 using the Shapley decomposition of changes. The study uses an 
innovative methodology and forms separate models for world regions. The advantage of the 
study at hand is that it can provide refined models on the core dimensions of wellbeing, as 
many of its variables are common with the flagship study of Wang et al. (2014). If the key 
mechanisms behind infant survival consist of paths, the validity of linear regression models 
will decline. In addition, when path structures are a significant part of the mechanism of 
interest, it increases the possibilities of structural equation modelling, also with subjects 
other than infant survival.

It should be kept in mind that despite the research questions being formulated in generic 
terms (low and middle income countries) the models presented do not apply to higher 
middle income countries (in 2007 classification) such as Russia, Poland and Argentina for 
reasons that will be discussed in section 4.1.
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4 DATA AND VARIABLES

The next step to follow the theoretical discussion and formation of research design is to 
find adequate data and variables. Chapter four introduces the data consisting of a set of 
relevant variables in low and middle income countries. First, the sources of data will be 
introduced. This is followed by a discussion on how the units of the study are justified. The 
sections on variables have been constructed with the following questions in mind: Are the 
important dimensions covered? Are these dimensions studied with adequate variables that 
can be measured in a valid and reliable way? Is the imputation of missing data sensible? 
Answering in the affirmative to those questions leads to a meaningful discussion on 
methodological choices in chapter five. Even more importantly, chapters 4 and 5 construct 
a solid foundation for the analyses which follow in chapter 6.

4.1 Sources of Data
This cross-country study analyzes a cross-sectional data on 80 low and middle income 
countries. The data is derived from the UNDP, UNICEF, and UNESCO statistics. The 
dependent (output) variable, infant mortality in 2010, is used throughout the study. 18 
independent (input) variables contain entries from the years 2000–2009. Five important 
variables are applied in most of the path models.

The Human Development Report (UNDP 2009) provides societal indicators on issues 
such as GDP, poverty, fertility, and urbanization. The value of the report is that it brings 
together data which are collected by several other world organizations.

The State of the World’s Children (UNICEF 2001–2011) database was replaced by 
Child Info (UNICEF 2011–2013). Both of these offer similar child health related data. 
That data include the dependent variable; infant mortality. The UNESCO (2011) database 
is the source of the schooling rates including the gross secondary enrollment rates used in 
this study. All data providers can be found in Table 4.4, Table 4.5, and Table 4.7.

The core of the modelling rests on cross-sectional analyses with the data that aim to cover 
all relevant variables. The international data on some important independent variables are 
scant, even when a more flexible time-frame is applied (see corrections in Appendix IV). 
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Only one time-point with a reasonable amount of missing data is available on the following 
variables: income poverty with $2/day rate, living standard deprivation ratio, improved 
sanitation rate, and case management rate for infectious child diseases.

This study includes repeated measures analyses both for linear regression and structural 
equation modelling. The purpose of these time-related analyses are to estimate the temporal 
stability of the models. Similar data is related to independent variables with almost a decade 
between the years measured. The data for the two points in time are collected by the same 
organization. Only the schooling data for both 2000 and 2009 is derived from a single 
table of data. The output variable, infant mortality in 2010, remains the same in all analyses 
of the study. The repeated measures analyses consists of five independent variables which 
largely cover the content of the work.

4.2 Research Units
When studying 80 low and middle income countries, the data does not form a population, 
but it forms a large sample. However, there is no sampling, so there in no wider population 
of countries on which the results are generalized to. The basic question for a regression 
based analysis, be the data a population or a sample, is to find statistically significant 
relationships within a theoretically meaningful model. In both linear regression models 
and path models, the size of the coefficient indicates the strength of the relationships. In 
linear regression models, p-values are used to help in realizing the statistical significance of 
each variable. (See Babones 2014, xxi.)

The World Bank classifies countries based on their gross national income per capita 
(GNI) level. At the time of the data analysis the World Bank (2009a, 351) divided economies 
into income groups accordingly. The countries of the study are allocated along the World 
Bank’s classification in Table 4.1. It should be noted that the World Bank classification also 
includes small countries but this study has excluded units when their population is below 
0.5 million. The selection of unit is shortly explained in the text. 

Table 4.1. Countries of the Study by Income Groups

Income group Limits Number of countries 
in the World Bank 

classification (N=209)

Number of countries of 
the study (N=80)

Low income $935 or less 49 35 
Lower middle income $936–3,705 54 40 
Upper middle income $3,706–11,455 41 5 
High income $11,456 or more 66

Source: World Bank (2009a, 351)
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These GNI rates used by the World Bank are roughly 1.5–3 times smaller than the GDP 
per capita (ppp) rates that are used in forming the data for this study. According to the 
World Bank’s classification, there are 144 low or middle income countries. That number 
is clearly larger than the potential group of 116 low and middle income countries in which 
people on average earned less than $10,000 (GDP per capita ppp) a year in 2007. Using this 
level of the GDP as a cut-off point has two advantages. First, it enables a large enough data 
to study. Second, the formed sample can be meaningfully studied as a whole.

David Brady et al. (2007, 9) also used the level of GDP per capita (ppp) as a criterion 
to form data, but they had a cut-off point at $5,000. Setting the limit at $10,000 increases 
the amount of countries (80) which improves the possibilities with structural equation 
modelling. In contrast, having a smaller number of countries as data would allow fewer 
associations for a path model. This would lead to a bare-bone model with small added value 
(Kline 2011, 11–12).

The justification for setting a limit that does not meet any of the World Bank category 
cut-offs aims at producing a universal theory of social development. The World Bank’s 
(upper) middle income category includes countries such as Russia (former imperial power 
of the world), Poland (important EU nation since 2004), in addition to Argentina and 
Uruguay (both have been considered welfare states for decades). The social development of 
those countries may not be aptly explained with the same model that applies to the World’s 
poorest countries. 

Among these 116 countries, sixteen (16) small countries were left out of the data 
due to a population of less than half a million in 2007. These small countries are: Saint 
Lucia, Dominica, Grenada, Saint Vincent and Grenadines, Belize, Samoa, Maldives, 
Tonga, Vanuatu, Sao Tome and Principe, Kiribati, Marshall Islands, Federated States of 
Micronesia, Nauru, Palau and Tuvalu. 

After their selection by levels of income and state size, ten (10) countries (East Timor, 
Afghanistan, Liberia, Sudan, Democratic Republic of the Congo, Somalia, Angola, 
Burundi, Iraq, and Sierra Leone) were screened out for instability caused by conflicts 
and another nine (9) countries (Swaziland, Lesotho, South Africa, Ethiopia, Zambia, 
Mozambique, Zimbabwe, Malawi, and Namibia) were excluded for the large scale HIV/
AIDS epidemic affecting infant mortality. And finally, The Democratic People’s Republic 
of Korea was left out for the massive lack of data. This left 80 countries inhabited by over 
2/3 of the world population. Appendix II provides detailed information on the level of 
instability but the main points are discussed below. 

As stated above, there are two additional ways in which the research sample was shaped. 
Countries were screened out of the data for instability caused by either a destructive domestic 
conflict or a high HIV-rate among young women. These two limitations guarantee precise 
findings and accurate information on typical social processes around infant survival. 

HIV/AIDS epidemics and conflicts, such as civil wars, are classified as proximal variables. 
They cause infant deaths but they are regarded as global/external forces as individuals and 
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communities cannot affect these forces (Figure 3.2). Civil wars heavily influence normal 
social and economic development (Carlton-Ford & Boop 2010) and major wars have often 
slowed the speed of declining child mortality (Human Security Report Project 2011, 
114–115). Wars cause the death of children directly, and indirectly by killing their parents 
and by destroying infrastructure and livelihood. The most devastating conflicts always 
involve international parties, so generally war is often a more external than internal matter. 
Appendix II provides a more detailed discussion on the connections between conflicts and 
infant mortality.

HIV/AIDS is a global disease with 34.0 million people living with HIV at the end of 
2011. HIV has turned into a large-scale pandemic in Sub-Saharan Africa where 1 in every 
20 adults (4.9 per cent) are living with HIV. The corresponding global average rate for 
adults living with HIV is 0.8 per cent (UNAIDS 2012, 8). However, new infections have 
decreased by 44 per cent globally since 2001. Anti-retroviral therapy is rapidly improving 
life among those with HIV, and 9.5 million people in developing regions were receiving 
this treatment in 2012. Calculations state that antiretroviral therapy has saved 6.6 million 
lives since 1995. (UN 2014.)

Despite the fact that HIV/AIDS can be prevented by individual behavior, local actions 
or national policies, it has a global nature of an external force (see Scholte 2005, 73, 288–
289). A mother’s infection risks the baby also being infected, which in turn increases the 
risk of an infant death (Newell et al. 2004a; 2004b). Antiretroviral therapy can greatly 
decrease mother-to-child transmission of HIV, but UNAIDS (2012, 42–49) notes that in 
Central and Western Africa mother-to-child transmission rates have decreased only little 
during the first decade of the new Millennia and are still close to 30 per cent. Appendix II 
provides more details on the relationship between HIV/AIDS and infant mortality.

There are noticeable differences across the world’s regions of low and middle income 
in women’s education, infant survival and income level. Also the level of within-country 
inequality of infant survival varies greatly between regions. 

Table 4.2 introduces the countries of the study with key information on infant mortality 
rates (per 1,000 live births), the level of gross domestic production and the women’s 
secondary schooling rate. Regional rates are also given. 
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Table 4.2. Low and Middle Income Countries by Main Socio-Economic Indicators in 2007–2010

Region
Countries

Infant 
mortality rate 
(per 1,000 live 
births) 2010

GDP per capita 
US$ 2007

Women’s 
secondary 
schooling rate 
2009

Arab States (N=9) 31 4,530 70
Jordan 18 4,901 93
Tunisia 14 7,520 93
Algeria 31 7,740 96
Syrian Arab Republic* 14 4,511 72
Occupied Palestinian Territory 20 2,243 91
Egypt 19 5,349 77
Morocco 30 4,108 52
Yemen 57 2,335 33
Dibouti 73 2,061 26

East Asia and the Pacific (N=12) 29 3,288 69
Thailand 11 8,135 80
China 16 5,383 83
Philippines 23 3,406 88
Fiji 15 4,304 91
Indonesia 27 3,712 75
Mongolia 26 3,236 96
Vietnam 19 2,600 78
Lao People’s Republic 42 2,165 40
Solomon Islands 23 1,725 32
Cambodia 43 1,802 43
Myanmar 50 904 54
Papua New Guinea 47 2,084 Not available

Central Eastern Europe/Commonwealth of 
Independent States (N=12) 26 5,226 89

Albania 16 7,041 86
Macedonia 10 9,096 82
Bosnia and Herzegovina 8 7,764 91
Armenia 18 5,693 94
Ukraine 11 6,914 94
Azerbaijan 39 7,851 83
Georgia 20 4,662 87
Turkmenistan 47 4,953 Not available
Moldova 16 2,551 90
Uzbekistan 44 2,425 103
Kyrgystan 33 2,006 84
Tajikistan 52 1,753 81

Note:
* Syria was a valid case at the time of the data entries; yet this has changed radically due to the civil war since 2011.
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Region
Countries

Infant 
mortality rate 
(per 1,000 live 
births) 2010

GDP per capita 
US$ 2007

Women’s 
secondary 
schooling rate 
2009

Latin America and the Caribbean (N=16) 23 5,639 79
Cuba 5 6,876 89
Brazil 17 9,567 106
Colombia 17 8,587 99
Peru 15 7,836 91
Ecuador 18 7,449 82
Dominican Republic 22 6,706 84
Suriname 27 7,813 83
Jamaica 20 6,079 96
Paraguay 21 4,433 68
El Salvador 14 5,804 64
Honduras 20 3,796 77
Bolivia 42 4,206 80
Guyana 25 2,782 96
Guatemala 25 4,562 56
Nicaragua 23 2,570 73
Haiti* 59 1,155 25

South Asia (N=9) 43 2,770 55
Sri Lanka 14 4,243 88
Bhutan 44 4,837 61
India 48 2,753 56
Pakistan 70 2,496 29
Nepal 41 1,049 41
Bangladesh 38 1,241 52

Sub-Saharan Africa (N=25) 69 1,384 32
Cape Verde 29 3,041 93
Congo 61 3,511 41
Comoros 63 1,143 40
Madagascar 43 932 29
Kenya 55 1,542 57
Tansania 50 1,208 24
Ghana 50 1,334 56
Cameroon 84 2,128 38
Mauritania 75 1,927 22
Uganda 63 1,059 26
Nigeria 88 1,969 36

Note:
*Haiti:	The	2009	infant	mortality	rate	of	59	of	is	applied	as	it	reflects	the	long	term	situation	more	accurately	than	the	2010	
rate of 70, which rocketed after the destructive earthquake.
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Region
Countries

Infant 
mortality rate 
(per 1,000 live 
births) 2010

GDP per capita 
US$ 2007

Women’s 
secondary 
schooling rate 
2009

Togo 66 788 31
Benin 73 1,312 26
Côte d'Ivoire 86 1,690 19
Eritrea 42 626 26
Senegal 50 1,666 32
Rwanda 59 866 26
Gambia 57 1,225 54
Guinea 81 1,140 28
Guinea-Bissau 92 477 26
Chad 99 1,477 14
Burkina Faso 93 1,124 16
Mali 99 1,083 28
Central African Republic 106 713 10
Niger 73 627 9

Sources: UNICEF 2011b; UNDP 2009; UIS 2011, 16; UNESCO 2011.
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Regional income differences are significant from about US$ 1,400 per capita in Sub-
Saharan Africa to some US$ 5,600 per capita in Latin America and the Caribbean. Also the 
regional education gap is wide. It ranges from 32 per cent of women enrolled in secondary 
schooling in Sub-Saharan Africa whereas in the region of Central Eastern Europe and the 
Commonwealth of Independent States the corresponding rate is as high as 89 per cent. The 
income and education levels are associated to the level of infant survival but these do not 
explain the discrepancies completely. 

Below Table 4.3 shows a positive trend between 2000 and 2010 (reverse order in the 
table) for the regional infant mortality rates of the selected eighty countries. Despite the 
world-wide steady decline of infant mortality, the gap between the industrialized countries 
(rate 5/1,000 live births) and the industrially developing countries (rate 44/1,000 live 
births) has remained large. Also the differences between less affluent continents are 
substantial. In Sub-Saharan Africa the infant mortality rate is 76/1,000 live births and in 
Latin America and the Caribbean the rate is 19/1,000 live births (UNICEF 2012a). 

When studying the macro-level, it is important to take into account the major internal 
differences. Next we will take a glance at the two major societal discrepancies. Table 4.3 
exemplifies a broad comparison on how infant mortality varies across social classes in 
different world regions. Schell et al. (2007) studied predictors of infant mortality in 152 
countries with a cross-national design. Income equality was studied by the Gini index but 
it was not a significant cross-national variable of infant survival in poor countries. Salvatore 
Babones (2008) examined 134 countries with data from 1970–1995. He drew a different 
conclusion to Schell et al. (2007). He demonstrated that income inequality measured by 
the Gini index is correlated – although with clearly smaller strength than the GDP per 
capita – with infant mortality in cross-sectional analyses. However, it is difficult to prove 
if the association is causal between income inequality and infant mortality due to fact that 
income inequality is relative stabile over time in most countries. 

Income inequality forms a noteworthy social divide within countries. Infant mortality 
is greater among the poorest 20 per cent than among the richest 20 per cent within all 
continents. Surprisingly, the poorest continents with the highest infant mortality, Sub-
Saharan Africa and South Asia, clearly have less inequality in their child mortality levels 
(poor/rich ratio 1.64–1.72) than Latin America and the Caribbean (poor/rich ratio 3.05) 
(see Table 4.3 below). The rest of the continental averages fall between these rates. It is the 
task of a different study to analyze the reasons for this diversity. Yet this question arises; 
is it so that those who have financial resources benefit the most once modern health or 
education services are established? If this is the case, social and public politics should 
vigorously aim for a more equalitarian distribution of these services and access to them.
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Table 4.3. Regional Infant Mortality Rates and Inequality

Region

Infant 
mortality rate 

2010

Infant 
mortality rate 

2000

Infant 
mortality 
among 

poorest 20 % 
1990–2006

Infant 
mortality 
among 

richest 20 % 
1990–2006

Inequality 
ratio

(poor/rich)

(N) (N) (N) (N)
Arab States 31 (9) 42 (9) 66 (4) 33 (4) 2.12
East Asia and the 
Pacific 29 (12) 41 (12) 65 (4) 23 (4) 2.84

Central Eastern Europe 
/Commonwealth of 
Independent States

26 (12) 36 (12) 57 (5) 36 (5) 1.74

Latin America and the 
Caribbean 23 (16) 34 (16) 59 (9) 24 (9) 3.05

South Asia 43 (6) 59 (6) 91 (4) 56 (4) 1.72
Sub-Saharan Africa 69 (25) 85 (25) 102 (22) 66 (22) 1.64
All 41 (80) 54 (80) 82 (48) 48 (48) 2.06

Notes: Countries with high infant mortality rates are over represented in the inequality sample (N=48). The inequality 
calculation is based on average survey data in 1990-2006 (UNDP 2007, 254–256). Thus, the regional infant mortality rate in 
2000 is used as a reference level.
Sources: UNICEF 2013a and UNDP 2007

Michael Marmot (2005) also demonstrates high inequality between income groups. He 
investigated inequality in child mortality in four countries (Indonesia, Brazil, India, and 
Kenya). The poorest fifth had roughly three times higher child mortality than the richest 
fifth within these countries.

Income inequality also matters greatly to education. The cross-country study of 50 
developing countries from 1985–2007 proves that the secondary schooling completion 
rates of children in the families of the top quintile are over 30 percentage points higher 
than those of children from the lowest quintile (Porta et al. 2011, 154–155). The wideness 
of the gap can be understood in relation to the average women’s secondary enrollment rate 
in 2000 which was 49 per cent in the 80 low and middle income countries of the study. The 
educational inequality is a topical research branch which may influence variable selection 
in future studies. 

4.3 Variables
The key variables of the study are presented in Table 4.4 and it also includes which 
organization provides the data on each variable. Some key descriptive values on variables 
are offered in the variable introduction but the comprehensive table of minimum and 
maximum values, as well as mean and standard deviation of each variable, are found in 
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Appendix VI. The assumption on normal distribution of the variables holds with all 
variables applied. Appendix VII demonstrates histograms on the key variables and on those 
variables that have less normal distribution. Appendix VIII offers correlation rates between 
the key variables of the study. It also includes partial correlation tables between women’s 
and men’s education in relation to the key variables, and partial correlation between 
variables of material conditions. 

The variable tables are organized in the following way. Table 4.4 describes the primary 
role for each key variable for the cross-sectoral analysis. Table 4.5 introduces five independent 
variables which have been used for two time points 2000 and 2009. Three of these variables 
are used in the main cross-sectoral analysis, as well as in most of the path analyses. The two 
remaining ones are the best possible indicators available on these theoretical dimensions: 
the GDP level for the material conditions and the fertility rate for women’s reproductive 
autonomy.

The discussion below focuses on the variables in the cross-sectoral analysis, but also 
some selective notions are made on a variable from 2000. Table 4.6 highlights the difference 
between two child health indices that are applied.

A transparent control process across possibly significant variables is an important 
element for the validity of the study. Table 4.7 lists control variables. These are utilized 
to check how the results change when these variables are taken into account. Some of the 
control variables are introduced with the key variables of their dimension. Those that have 
not been presented yet are introduced at the end of section 4.3.
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Table 4.5. Variables of the Temporal Comparison

Theoretical dimension Variable type Operationalized form & 
data source

Years

Dependent variable
Infant survival Infant mortality Logarithm of infant 

mortality rate UNICEF 
(2011b)

2010

Independent variables
Women’s education Women’s secondary 

schooling
Women’s secondary 
school enrollment gross 
rate (UNESCO 2011)

2000 and 2009

Women’s reproductive 
autonomy

Fertility rate Average of births per 
woman (UNDP 2002 & 
UNDP 2009)

1995-2000 and 2005-
2010

Material conditions GDP level GDP per capita US$ 
(ppp) UNDP 2002 & 
UNDP 2009

2000 and 2007

Child health practices Exclusive	breastfeeding	 Exclusively	breastfed	at	
the age of 0–5 months 
(UNICEF 2003, UNICEF 
2004, UNICEF 2006 & 
UNICEF 2011a)

1995–2001 and 
2002–2008

Child health services Child health services 
short	index	

Average per cent of 
measles immunization 
rate (MSL) among 1-year 
old children, and per cent 
of live births attended by 
skilled health personnel 
(SBA) (UNICEF 2001, 
2003, 2011a & 2011b)

MSL 1997–1999 and 
2009
SBA 1995–2001 and 
2003–2009

Infant survival

Infant survival expresses the positive side of the dependent variable of the study. It was used 
as an indicator of wellbeing in a comparative study by David Brady et al. (2007). UNICEF 
(2014) offers an up-to-date report on infant survival. The dependent variable here is infant 
mortality which is defined as the number of infant deaths per 1,000 live births. It has been 
the research object of many other studies (Shen & Williamson 2001; Hanmer et al. 2003). 
Within the present group of 80 low and middle income countries, the infant mortality rate 
varies greatly from 5 to 106 deaths per thousand infants born alive.

It is important to use a clearly identifiable dependent variable such as infant mortality. 
This means there is no reason to separate neonatal mortality from post neonatal (28–364 
days) infant mortality, even though determinants for these two periods are partly different. 
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Had this study focused solely on post neonatal infant mortality, the role of women’s 
education would have increased (see e.g. LeVine & Rowe 2009, 340; Bicego & Boerma 
1993). It is natural that health service provision related causes dominate neonatal mortality.

Infant mortality has been considered a sensitive social indicator of development (UNDP 
2006, 267; Shandra et al. 2004). Lant Pritchett and Lawrence Summers (1996, 858) state 
that, “as a pure measurement issue, the data on life expectancy are much more tenuous than 
those on infant or child mortality.” Infant survival is an advantageous option for measuring 
wellbeing in the global context.

The natural logarithm of the infant mortality rate is used in the analysis. A log scale 
makes the variable distribution more even, and so one fundamental assumption of the 
linear regression modelling is met.

Women’s education

The master variable, the women’s secondary schooling gross enrollment rate, is addressed 
here. The section briefly justifies this conceptual choice of the study. The national gross 
secondary enrollment rate is applied as a master variable similarly to many significant 
regression studies on infant mortality (Subbarao & Raney 1995; Shen & Williamson 2001; 
Frey & Field 2000; Shandra et al. 2004). 

The UNESCO Institute for Statistics (UIS) defines the gross enrollment ratio as a 
measure of the capacity of the education system to accommodate its school-age population 
at a given education level. Costs of attending school may also limit enrollment. Using the 
gross enrollment ratio assures that less missing data needs to be replaced than by utilizing 
the net enrollment ratio, which is defined as the total number of students of an age group 
enrolled in the targeted level. (UIS 2011, 16, 302.)

A significant portion of the age cohort starts school earlier than the prescribed age and 
also finishes earlier (UIS 2009, 10). This may cause problems in counting the net enrollment 
rate and has an impact on the secondary level statistics. Additionally, the net enrollment 
rate might face accuracy problems, as it describes if a certain age group is enrolled at the 
targeted level of schooling. Regarding the least modernized countries, combining poor 
vital registers, survey information and schooling registers bring more uncertainties to the 
net enrollment rate than to the more straightforward gross enrollment rate.

Chapter 3.2 argued why alternative indicators such as literacy or women’s educational 
attainment are not feasible options for this study on women’s education. One more 
alternative to the secondary enrollment rate is evaluated here; the primary schooling rate. 
This is a statistically weaker variable due to its clearly smaller variation compared to the 
secondary schooling rate. The average gross primary enrollment rate in the developing 
countries is 106 per cent, which leaves little room for meaningful variation. In contrast, the 
comparative secondary schooling gross rates varied from 9 per cent to 106 per cent in 2009, 
and the means were 61 per cent in 2009 and 49 per cent in 2000 (UIS 2011; UNESCO 
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2011). So, there are substantial grounds for choosing the women’s secondary schooling rate 
as a master variable. 

Women’s reproductive autonomy

Women’s autonomy is a wide domain that contains various issues that may influence 
infant survival. This work includes two aspects of women’s autonomy: firstly, women’s 
reproductive autonomy and secondly, educational equality. The emphasis lies on women’s 
reproductive autonomy.

Regarding women’s reproductive autonomy, fertility levels and contraception are 
focal factors. The examination on the use of contraceptives relies on the United Nations’ 
(UN 2013) official site for the Millennium Development Goals indicators. It provides 
data1 and definition for the contraceptive prevalence rate: “percentage of married women 
15–49 currently using any method of contraception (CON)” (UN 2013). This inclusive 
criteria fits the study of the poor countries of the world. The variation of contraceptive 
prevalence within these 80 countries is enormous, ranging from 6 per cent to 87 per cent. 
Contraceptive prevalence is conceptualized as a complementary element in the modelling 
(Table 4.4). It is seen as a variable that mediates the influence of women’s education on 
infant survival.

The fertility rate forms an alternative indicator to the contraceptive prevalence as a 
measurement of women’s reproductive autonomy. The fertility rate means an average 
of births per woman. Fertility represents gender equality and it may also contain other 
qualities closely linking it to infant survival. The fertility rate is linked to the availability of 
contraceptives and to improved security for old age, which both tend to reduce the number 
of children. At the same time, the decreasing fertility rate indicates that an average woman 
is less tied to childcare duties. Fertility is defined here as a competing variable to the master 
variable, women’s education. The fertility data is derived from the UNDP (2002 and 2009) 
reports which reproduce the data collected by the UN (see UN DESA 2009 for the latter 
time-point). In 2009 the fertility rate varied from 1.2 to 7.1 across the eighty countries 
studied. 

The global data on women’s autonomy indicators is limited. Ulrike Boehmer and 
John Williamson (1996) distinguish between absolute status and relative status in their 
discussion on the impact of women’s status on infant mortality in 96 less developed 
countries. The master variable of this study, the women’s secondary school enrollment gross 
rate, is an absolute measure and another applied variable, the gender parity between women 

1 The time-point for the contraceptive prevalence variable is the year 2000 which is 7–9 years earlier than 
other variables of the cross-country comparison. Using the figures of 2000 have a great advantage as it was 
the best common data collection year for the kick off of the UN’s Millennium Development Goals, which 
improves the cross-country comparability of the data.
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and men in secondary schooling rates, is a relative one. The latter indicates educational 
equality between genders.

The poorest regions which form the core of the sample, have substantial variation on 
the gender gap in educational attainment. This justifies the inclusion of the gender parity 
between women and men in secondary schooling rates into the study. It consists of the female/
male ratio of gross secondary school enrollment rates collected by UNESCO (2011). The 
educational gender ratio is applied as a control variable for women’s secondary schooling 
(see Table 4.7).

The men’s secondary schooling gross enrollment rate (Table 4.7) is used as a control 
variable on educational gender equality which is one part of women’s autonomy. The rate is 
counted similarly to the respective variable for women, and is also collected by UNESCO 
(2011). Appendix VIII presents partial correlations that compare the role of education of 
men and women. The men’s secondary schooling gross enrollment rate (64 per cent) was 
higher than that of women’s (49 per cent) in 2009 (N=80).

Material conditions

One important theoretical dimension in this study is material conditions. It includes three 
variables: the level of economy (GDP per capita US$ (ppp), the income poverty rate, and 
living standard deprivation rate of the multidimensional poverty index. The data on the 
GDP and income poverty are collected by the World Bank (e.g. see 2009b) and data is 
reproduced by the UNDP (2002 and 2009) which is used as the source here. The data 
on the multidimensional poverty index is collected by the Oxford Poverty and Human 
Development Initiative (OPHI). The index was first published as part of the Human 
Development Report by the UNDP (2010, 94–100, 221–222), where the data of this study 
is derived from. 

The GDP is regarded as a complementary variable, while income poverty receives a 
contextual role due to its importance (see Table 4.4). In most of the structural equation 
models, income poverty is the variable which controls the mediations between women’s 
education and infant survival. This means that income poverty is also studied as a key input 
variable whose influence could be mediated to infant survival.

The choice of income poverty level requires a note. Carl Otto Schell et al. (2007) 
analyzed the $1 a day (ppp) income poverty rate as one of the five structural predictors 
of the infant mortality rate. The small variation between countries becomes a problem if 
the $1 (nowadays $1.25) poverty rate is utilized to study wealthier societies than the low 
income countries, as middle income countries suffer little from extreme poverty. Utilizing 
a higher $2 a day (ppp) income poverty rate keeps the variation at a meaningful level 
through the sample. The average $2 poverty rate in 2007 was 46 per cent ranging from 2 
per cent to 97 per cent (N=80). Data on the $2 poverty rate is only available for the more 
recent time-point, 2007, while the time-point in 2000 suffers from excessive missing data 
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(UNDP 2009 providing World Bank 2009b data). Therefore the GDP level is applied to 
reflect material conditions in the comparative analysis between two time-points. The GDP 
mean for the sample was 2,687 $ (ppp) in 2000 and 3,555 $ (ppp) in 2007 (N=80). 

The living standard deprivation rate means the share of the population with a severe 
deprivation in living standards. The living standard deprivation component of the 
multidimensional poverty index is part of the fundamental discussion on how poverty 
could be viewed beyond income as a wider deprivation of the defined essential wellbeing 
assets. The living standard deprivation component was tested as an alternative to the income 
poverty rate and the GDP-level. (UNDP 2010, chapter 5 and table 5; on measurement in 
details see Alkire & Foster 2011.) The living standard deprivation rate is placed among the 
control variables in Table 4.7. The average rate of those who are considered poor for their 
living standard deprivation were 41 per cent with variation from 0 to 95 per cent (N=79).

Child health practices: breastfeeding

Cesar Victora et al. (2000) emphasize the importance of exclusive breastfeeding as early 
protection is of the highest value. Alternatively, it could be possible to pay attention to 
complementary breastfeeding (breastfed with complementary food at the age of 6–9 
months). There may be cultural or country-related practices that favor either exclusive or 
complementary breastfeeding. For example, Ulrike Boehmer and John Williamson (1996) 
used the percentage of those who are breastfed until 12 to 15 months as their breastfeeding 
variable. However, the pre-tests showed that exclusive breastfeeding alone has higher 
correlation with infant mortality than the alternative of exclusive breastfeeding combined 
with complementary breastfeeding. This is why the exclusive breastfeeding rate during the 
first six months is utilized here. The average rate of exclusively breastfed rose from 28 
per cent in 1995–2001 to 33 per cent in 2002–2008. The data is provided by UNICEF 
(2003; 2004; 2006; 2011a). Methodically breastfeeding works as a complementary variable 
throughout the study.

Opposite to other independent variables, exclusive breastfeeding does not have 
substantial plain correlation (-0.09, p=0.42) with infant mortality. In rural life where 
infant mortality is higher, breastfeeding tends to be common and vice versa. But after 
adding two control variables (the women’s secondary schooling rate and income poverty 
rate) the correlation becomes visible (-0.40, p=0.00). This type of correlative effect is said 
to be caused by suppressed variables (Kline 2011, 26–27; Tabachnick & Fidell 2007, 154–
155). And this structure legitimates the use of exclusive breastfeeding as an independent 
variable of interest.
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Child health practices: case management

Pneumonia and diarrhea are among the two most significant proximate causes for infant 
mortality (UNICEF 2007; Rudan et al. 2007; Wardlaw et al. 2010). UNICEF (2012a) 
produces data on the case management coverage of pneumonia and diarrhea. This data only 
covers the present situation and there are no global time-series available.

The indicator for case management of infectious child diseases is counted as a plain 
average on the data collected by UNICEF (2011a). It consists of the average of the two 
following variables: “proportion of children aged 0–59 months with suspected pneumonia 
taken to an appropriate health provider” (CPM) and “proportion of children aged 0–59 
months with diarrhea receiving oral rehydration and continued feeding” (ORT) (exact 
definition by Barros et al. 2012, supplementary appendix, data UNICEF 2011b). The 
composite variable is an optimal indicator because these two variables, CPM and ORT, 
of the case management do not correlate (r=0.08, p=0.46) with each other, and more 
importantly they both correlate significantly with infant mortality. The level of moderate 
single correlations of pneumonia care (r=-0.59) and diarrhea care (r=-0.36) with infant 
mortality turn into a higher one once they are combined into a variable called case 
management (r=-0.66). This legitimates the use of the composite variable to describe the 
level of case management for infectious diseases. Additionally, the combined variable is 
normally distributed (see Appendix VII). The case Management rate varies from 20 per 
cent to 74 per cent and the mean is 49 per cent within the 80-country group.

Child health services

The number of variables needed to be limited for methodological reasons. Child health 
services as a single variable covers the widest area in the study. This is why the construction 
of the composite indices on child health services are explained here in more detail than the 
other variables. 

A world class benchmark study (Barros et al. 2012) can be utilized in forming 
composite indices for child health services. The Composite Coverage Index (CCI) is a 
major composite index on maternal and child health services (see Appendix V). This index 
is a useful indicator in understanding how health services contribute to infant survival. 
The CountdownTo2015 (2012) database offers data for 40 countries of the 80 countries 
studied here. The present work’s data covers the core variables of the CCI, which provides a 
reliable basis for composing child health indices. It is to be noted here that the comparable 
composite maternal and child health services index (although not used in the further 
analysis) would have a high 0.89 correlation (N=40) with the Composite Coverage Index.

The Countdown to 2015 initiative examines the achievements in improving the 
coverage of interventions aiming at reducing maternal, new-born and child mortality on a 
country-level (CountdownTo2015, 2012). The Composite Coverage Index tracks maternal 
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and child health services through four areas of equal weight; family planning, maternity 
care, child immunization and case management. Table 4.6 presents how this study largely 
covers the same issues as the Composite Coverage Index.

Table 4.6. Child Health Services Indices

Dimension Index and formula Variables composed for index 
(Data sources see indicator 
tables in section 4.3)

Time

Child health 
services

Child	health	services	index
1/3x(MSL+SBA+CMN)

Average per cent of measles 
immunization rate (MSL) among 
1-year old children; and per cent 
of the births attended by skilled 
health personnel (SBA); and the 
average per cent of children under 
five	with	suspected	pneumonia	
taken to appropriate health 
provider, and per cent of children 
aged 0-59 months with diarrhea 
receiving oral rehydration therapy 
and continued feeding (CMN)

MSL 2009 and
SBA 2003–2009
CMN 2000–2008

Child health services short 
index
1/2x(MSL+SBA)

Average per cent of measles 
immunization rate (MSL) among 
1-year old children and per cent 
of the births attended by skilled 
health personnel (SBA)

MSL 1998 and 2009
SBA 1995–2001 and 
2003–2009

This study applies a simplified version of the Composite Coverage Index. The small 
differences in operationalization gives the advantage of using the complete data (N=80). 
The differences between the CCI and child health services index are following: first, in this 
study contraception prevalence is analyzed by a separate variable2, second, immunization is 
measured in a simpler way here3, and third, the health provider’s antenatal consultation is 
excluded for not being a fitting measure across countries.

The child health services short index is used for the temporal comparative analyses in 
chapter 6. The variable combines just two variables, the measles immunization rate and 
the rate of births attended by a professional, due to the fact that case management is not 
available for the earlier time-point of the comparison.

2 One of the four elements in the Composite Coverage Index is formed by assessing whether family 
planning needs are satisfied. This is measured by the “proportion of all women 15–49 using contraception 
among those who are fecund, in a union and in need of contraception”. This issue is analyzed separately and it 
is conceptualized and discussed in the dimension of women’s autonomy.
3 In addition to the measles immunization coverage rate, two more immunization rates are applied in the 
CCI for the component of child immunization. The first of these is a vaccine for tuberculosis disease named 
after Bacillus Calmette-Guerin (BCG). The other is a vaccine against Diphtheria, Tetanus, and Pertussis 
assuming that three doses have been given to children aged 12–23 months (DTP3). See the formula of the 
CCI in Appendix V.
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For reasons debated below, this study assumes that the measles immunization rate 
operates as a sufficient proxy for how countries provide vaccines for their population. 
Within the main data of the study the measles immunization rate and the Diphtheria, 
Tetanus, and Pertussis vaccine with three doses (DTP3) have a very high correlation rate 
(r=0.93), which shows that several immunization programs tend to co-exist. Secondly, 
the increased measles vaccination rate is responsible for the large global child mortality 
decline. In 1980, measles caused 870,000 child deaths annually, but in 2008 an estimated 
118,000 children under five died from this disease (Nature 2011). Thirdly, the measles 
immunization rate was given high status as it was the very indicator monitored as part of 
the Millennium Development Goals. As a methodological note on immunization data, 
applying the 1997–1999 statistics is preferable over the 2001 statistics for the time-point 
of 2000, as it assures longer temporal distance for the temporal comparison. The measles 
immunization rate varies from 23 per cent to 99 per cent with the mean at 83 per cent in 
2002–2008. This has gone up from 74 per cent which was the mean level in 1997–1999. 
The data are provided by UNICEF (2001; 2011a; 2011b).

Regarding immunization, Hib, pneumococcal, hepatitis-B, and rotavirus vaccines may 
have large independent roles and potential in cutting infant mortality (Jones et al. 2003; 
Tate et al. 2012; Watt et al. 2009). This is why using more than one vaccination is to be 
considered in future studies.

Neonatal mortality is responsible for 57 per cent of infant mortality (UNICEF 2012a). 
The availability and quality of health services are crucial in lowering the neonatal mortality 
rate (Skolnik 2012, 218). The presence of skilled health personnel assistance in delivery (SBA) 
(exact definition by Barros et al. 2012, supplementary appendix, data UNICEF 2011b) is 
a critical variable for neonatal survival and the safety of mothers4. It is applied in all the 
composite coverage indices of child health services. The SBA rate varied from 14 per cent 
to 100 per cent with the mean at 71 per cent in 2003–2009. This has gone up from 62 per 
cent in 1995–2001. The data are provided by UNICEF (2001; 2003; 2011a; 2011b). Case 
management and child health services are conceptualized as complementary elements (see 
Table 4.4) in the path modelling. This means they are regarded as variables that mediate the 
influence of women’s schooling or of income poverty to infant survival.

The relationships are largely linear between independent variables and infant mortality. 
The components of the child health services index have a slight tendency towards curve-
linearity. This composite index on child health services includes variables that have sizeable 
skew from the normal distribution. The skew is due to the fact that there are over 20 countries 
that have a full coverage on professionally assisted delivery, and over 30 countries that have 
a total or near total measles immunization coverage (see the histograms in Appendix VII). 
When the child health services index combines these two skewed variables with the case 
management of children’s pneumonia and diarrhea, it comes as no surprise that the child 

4 SBA has equal weight as a half of the maternity care component of the CCI. The other half is the percentage 
of women who were “attended at least once during pregnancy by skilled health personnel for reasons related to 
the pregnancy in the 3 years before the survey” (ANCS).
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health services index becomes the variable with the widest skew. However, the -2.55 rate in 
the skew index remains on the valid side of the limit, as Kline’s (2011, 63) rule of thumb is 
that variables with an absolute value of skew index > 3.0 are extremely skewed. Moreover, 
the child health services index manages to maintain the homoscedasticity assumption of the 
residual. 

Table 4.7 below shows the control variables. Their role is to verify major internal issues 
have been taken into account when forming the models. The variables marked in bold 
in the table will be analyzed further within this work. Some of the control variables are 
already introduced. Women’s years of schooling was analyzed as part of women’s education. 
Gender parity in secondary schooling and men’s secondary schooling were discussed as part 
of women’s autonomy earlier in this section. Living standard deprivation was introduced in 
the section on material conditions. 

Table 4.7. Control Variables

Theoretical 
dimension 

Independent 
variable

Operationalized form Data source

Women’s 
Education

Women’s years of 
schooling

Average years of total schooling among 
women aged 15 and over

Barro & Lee 2010

Women’s 
autonomy

Gender parity 
in secondary 
schooling

Ratio of gross secondary school 
enrollment rates for women/men

Author’s calculation based 
on (UIS 2011) & (UNESCO 
2011)

Men’s secondary 
schooling

Men’s secondary school enrollment 
gross rate

UNESCO 2011

Material 
conditions

Living standard 
deprivation 

Per cent of population with at least one 
severe deprivation in living standards 

UNDP 2010

Modernization

Urbanization rate Urbanization rate UNDP 2009

Improved 
sanitation

Per cent of population using improved 
sanitation facilities

UNICEF 2011a

Improved drinking 
water 

Per cent of population using improved 
drinking water

UNICEF 2011a

Level of 
democracy

Democracy	Index The Economist 2010

Health
expenditure

Total health 
expenditure

Per	capita	total	health	expenditure	in	
US$ (ppp)

WHO 2009

Public	expenditure	
on health

Public	expenditure	on	health	as	per	cent	
of	total	government	expenditure

UNDP 2009
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The share of the population using improved sanitation facilities could only be used in the 
cross-country analysis, not in the repeated measure analysis, as the criterion of the indicator 
has changed during the decade of interest. In 2001 UNICEF spoke of “adequate sanitation” 
and in 2011 it uses the definition of “improved sanitation”.

Sanitation loses its statistical importance when it is controlled with two important input 
variables, women’s secondary schooling and income poverty. Then improved sanitation only 
gains an insignificant level in the partial correlation analysis (-0.13, p=0.25) with infant 
mortality. This is why sanitation is not part of the model development in the following linear 
regression models. However, there will be SEM12 that estimates the overall importance of 
sanitation in relation to the main structural equation model of the study. The improved 
sanitation rate varied from 9 per cent to 100 per cent with the mean at 59 per cent in 2008 
(UNICEF 2011a).

Another grand scale issue that plays a role in infant survival is clean water. Applying 
this research approach and the data (UNICEF 2011a), the variable measuring how people 
are covered by improved water sources proves insignificant as improved water gains a very 
low partial correlation rate (-0.09, p=0.45) with infant mortality when women’s secondary 
schooling and income poverty are controlled in the test. This is why the variable is no longer 
used in this study.

Brady et al. (2007) find the urbanization rate to be the single most important 
variable alongside the fertility rate in explaining infant mortality in 109 less developed 
countries in 1980–2003. Nevertheless, the urbanization rate becomes a statistically 
insignificant variable on infant survival through the partial correlation test of four key 
variables; women’s secondary schooling and income poverty, child health services index 
and exclusive breastfeeding (0.21, p=0.07). This low significance means that urbanization 
is tested similarly to sanitation as a control variable in the structural equation modelling 
(see Appendix XII). In addition to this, the level of urbanization is also tested as a 
contextualizing variable (see Babones 2014, 123) for constituting conditions for the main 
mechanisms of the main model (Appendix XII). The urbanization rate varies greatly, from 
13 per cent to 87 per cent with the mean at 46 per cent in the estimation, which the UNDP 
(2009) presents for urbanization in 2010. This estimate is used here and it is based on the 
United Nations’ (UN 2008) data on the world’s urbanization prospects.

The level of democracy was also examined as an indicator of modernization. The 
Economist magazine (2010) offers a reliable Democracy index (scale 0–10, 0 authoritarian, 
10 full democracy) which was investigated here. Once the level of democracy as an 
independent variable is tested with infant mortality in the partial correlation analysis that 
controls women’s schooling and income poverty, almost no correlation (-0.03, p=0.79) 
is found. Thus, no further analysis on democracy follows within this study, despite the 
importance of political development and democracy. Institutions and components of 
wellbeing, which this study focuses on, may demonstrate the level of political development 
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in a country. Gender, education, poverty alleviation and child health are possibly even more 
political than the formalities of elections and voting.

While planning this study and selecting suitable variables, a pre-test was conducted 
for the countries of medium human development (N=51). Once controlled with income 
poverty and women’s education, neither public spending on health (r=0.24, p=0.08) nor 
total health expenditure (r=0.18, p=0.20) were correlated with infant survival (data based 
on UNDP 2009; WHO 2009). Thus, no further analysis on health expenditure follows. 
However, these variables on health expenditure, as well as the democracy index are listed 
among the control variables (see Table 4.7).

4.4 Reliability of Data
The study utilizes the best available data provided by large world organizations such as 
UNICEF, UNDP, and UNESCO. Table 4.8 is a summary of the review on key studies 
and documents that investigate the reliability of the main variables of the study. This is 
followed by a review on the main reliability challenges that are attached to infant mortality 
records. A more precise data reliability review table is found in Appendix I.
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Table 4.8. Quality of Data on Main Variables

Variable Variable description Data producer

Quality of the data 
(author’s ranking)
A: high; B: good;

C: medium; D: low

Infant mortality rate Logarithm of infant mortality 
rate

UNICEF (2011b) B

Women’s secondary 
school enrollment 
gross rate

Women’s secondary school 
enrollment gross rate “Number 
of students enrolled in a given 
level of education, regardless 
of	age,	expressed	as	a	
percentage of the population 
in the theoretical age group for 
the same level of education.” 

UIS (2011), UNESCO 
(2011)

B

Income poverty
Per cent of population living 
with less than $2/day (ppp) at 
2005 international prices

World Bank (2009b) 
through UNDP (2009)

C

Child health services 
index

See	appendix	for	details	
(measles immunization rate 
(MSL); births attended by 
skilled health personnel (SBA); 
adequate care for pneumonia 
and for diarrhea (CMN))

UNICEF (2011a & 2011b) MSL: A-B
SBA: B
CMN: B-C

Exclusive 
breastfeeding 

Exclusively	breastfed	at	the	
age of 0–5 months 

UNICEF (2003; 2004; 
2006, 2011a)

2002–2008: B
1995–2001: C

Fertility rate Average of births per woman UN DESA (2009), 
through UNDP (2009) 

A

Contraceptive 
prevalence

Per cent of married women 
15–49 currently using any 
method of contraception 
(CON)

UN (2013) B

Globally, only 65 per cent of all children under the age of 5 are registered. This means 
that nearly 230 million children worldwide do not officially exist (UNICEF 2013d). 
The registration rates for this age group are 38 per cent in South Asia, 44 per cent in Sub 
Saharan Africa and 92 per cent in Latin America and the Caribbean, which are the three 
main regions of this study. As registration of children takes place throughout the early 
years, the rates of the registered infants may be much lower, even less than half of the above 
rates (UNICEF 2013d; 14–21). When the rate of children in vital registers is on such a low 
level, infant mortality data have to be collected with household surveys.

Rebecca Anthopolos and Charles Becker (2010) summarize the major problems that 
are related to infant mortality rates (see Appendix V for more details). Although their 
data did not cover the least developed countries, the article shows that major challenges of 
measuring infant survival are related to three issues: live birth criterion, vital registration 
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system, and reporting practices. They drew up correction models based on the GDP and 
maternal mortality levels, both close associates of infant mortality rates, and showed that 
infant mortality rates (and in particular perinatal mortality; number of stillbirths and 
deaths in the first week of life) can be underestimated dramatically. Additionally, the 
correction models showed that undercounting seems to be smaller with the UNICEF data 
than with the WHO data.

The infant mortality rate as the dependent variable lies at the core of the study. Therefore 
it is necessary to draw the overall picture on the challenges of the data. UNICEF (2013c) 
assesses the respective challenges on child (i.e. under five) mortality data and the related 
methodology. This applies largely to the infant mortality rate, which is based either on 
vital registers or household surveys. Vital registers are a preferable source when registration 
coverage is high and the system function efficiently. This is rarely the case in low and 
middle income countries. Using imperfect vital registers include the risk of systematic 
errors which may be extensive and difficult to detect. Many countries that lack functioning 
vital registration systems rely on household surveys. The widest global household survey 
programs are the UNICEF-supported Multiple Indicator Cluster Surveys (widely known 
as the MICS) and the US Agency for International Development–supported Demographic 
and Health Surveys (known as the DHS) (UNICEF 2013c). The reliability status with 
infant mortality data may be paradoxical: the poorer countries that rely on surveys have 
more accurate infant mortality data than some of the middle income countries that operate 
with substantial but imperfect vital registration systems.

There is variation in the quality of the data used. The greatest concerns on reliability 
of the data are related to child births in the rural areas of the poor countries. This affects 
several variables used: infant survival, share of births assisted and even the fertility rate. 
The survey methods are developed and used to cover demographics as precisely as possible. 

4.5 Improving Data Consistency
There are two types of issues concerning data consistency. The first relates to missing data 
replacement, and the second consists of differences in measurement. 

Missing values were imputed manually with the best possible corrections, which 
are most often values of one or two years on either side of the years 2000 and 2009 (see 
Appendix IV). In a few cases, correction may be using the year 2002 value for 1995–2001 
data though the other time-scale is 2002–2008. In such an exceptional situation, it is 
assured that the corresponding value for the later time point is no earlier than 2006, this 
practice brings a minimum four year difference between time-points. In particular, there 
are a few corrections of this nature for breastfeeding data.

The preliminary corrections, explained above, were based on finding an acceptable 
replacement value from a year not too distant. The missing data left is corrected by 
multiplying the available value at the other time-point with the regional mean change rate 
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(with variables that have two time-points available). For the variables with only one time-
point available, corrections are based on regional averages classified by the UNDP (2011, 
174). The classification of regions is available in Table 4.2.

There was a challenge with the homogeneity of the data. In 1995–2001 (which stands 
for the time point 2000) twenty out of 80 countries of the sample used the reference point 
of 4 months of age (Group A) instead of 6 months (Group B) when counting the percentage 
of children that were exclusively breastfed. The mean ranking for Group A on the 80 
countries’ human development list is 31 (not 40), which means these countries are slightly 
more developed than the rest. Countries with higher human development have a slightly 
higher exclusive breastfeeding rate on average. The mean of group A using the 4-month 
value was 32.2, and the other sample (group B) using the normal 6-month reference point 
had a mean of 26.9 (the mean for both A and B was 28.2). Part of the explanation for 
this 5.3 percentage point difference between groups A and B is due to their difference in 
the level of human development, not to the different reference points. The Independent 
samples t-test indicates that the difference between these groups is non-significant (t=1.07, 
p=0.29). This means the diversity of the reference point does not erode the validity of the 
exclusive breastfeeding rate.

Another problem with the heterogeneity of data concerns pneumonia. The variable on 
the percentage of children under five with suspected pneumonia taken to appropriate health 
provider consists of survey data based on two different definitions (UNICEF 2012b; see 
Appendix V) 26 countries out of 73 used the ARI-method, which includes a broader group 
of respiratory infections, instead of only referring to pneumonia. The independent samples 
t-test provides a non-significant difference, if a p-value <0.01 is demanded, between these 
groups (t=-2.33, p=0.02). As a conclusion, these two ways of counting pneumonia care can 
be adequately applied as consistent data for the variable called case management, which will 
be formed as an average between the diarrhea care rate and the pneumonia care rate.

The data formed had a modest amount of missing data. The most typical data imputation 
was a value one or two years either side of the target year. Taking the data imputation and 
minor uncertainties of measurement into account, the data can be regarded comparable 
across the 80 countries studied.

Earlier in the study Figure 3.3 posed a preliminary research framework. This chapter 
on data and variables proved that they are suitable to be analyzed within the framework. 
Adding mediators and control variables will progress the work, and finally, path models 
present a visual on how the analyses take the initial ideas into the final path models.
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5 CHOICE OF RESEARCH METHODS

What are the major methodological commitments of the study? First, it deals with a realist 
approach towards causality. Second, the idea of path design for an inter-disciplinary set of 
variables is discussed. These two elements are jointly an essential epistemological stand-
point for this study to produce valid models. Third, a pragmatic description on the method 
and the processes of analysis will be provided. Then the methodological character of the 
linear regression and the structural equation analyses are introduced. The chapter ends 
with the evaluation on the limitations of the study.

5.1 Causality: A Realist Perspective
The linear regression analysis is utilized to find the most important societal determinants 
of infant mortality. Linear regression or structural equation models themselves are no 
proof of causality in the strict sense but these models show the shared variation between 
the components of the models.

The causal strength between correlative variables comes from the studies that describe 
each of the particular linkages between and around variables. Instead of revealing the 
ultimate mechanism on the relationship between women’s schooling and infant survival, 
this work aims to deepen the understanding on the conditions of this relationship. This 
study will go through prior research evidence to provide causal proofs on the observed 
relationships. Some of the results that will be presented, need further research to validate 
the observed relationships.

In social sciences establishing causation is difficult, rather associations are established; 
that is we can identify several variables that are most likely to bring about the event or 
condition of interest (Black 2002; also Tabachnick & Fidell 2007, 3). Pertti Töttö (2012, 
175–176) defines the research philosophy of a Realist. It is a perspective that sees causal 
mechanism behind all dependencies. And the nature of a dependency carries information 
on the causality. A Realist tests a causal hypothesis that is based on prior knowledge. Data 
may support the causal hypothesis. If it does not, there is need for improving the quality 
of data or to discover a better test. If still evidence denies the causal hypothesis, the Realist 
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rejects the hypothesis. This rejection often leads to the discovery of a new theoretically 
interesting causal hypothesis.

Töttö (2012, 210) states that scientific realism is a good template to explain reality 
with mechanisms. Scientific realism in the form of a path analysis offers a way to break 
the correlation between two variables into a causal hypothesis, and empirically test the 
hypotheses on the proposed mechanisms. Also Salvatore Babones (2014, 136–137) sees 
“structural equation modeling as a template for causality”. This study follows these lines and 
seeks to test and formulate adequate models on plausible mechanisms for the relationship 
between women’s schooling and infant survival in the chosen non-affluent countries.

This cross-sectional study needed to balance between three conditions of causality; 
correlation, non-spuriousness and precedence (Babones 2014, 137–139). To maximize 
non-spuriousness and correlation, the third criteria of causality, precedence between input 
(independent) and output (dependent) variables had to be partly sacrificed. This means that 
the main cross-country analysis operates within a timeframe that has a few years between 
input and output variables. Even the repeated measurement analyses are based on the 
roughly 10-year temporal distance between the time-points compared.

The validity of path models on aggregate data depend largely on the reliability of the 
data. The prior section 4.4 continues on this. It introduces data producers and sources for 
all the variables applied in this study, as well as an analysis of the quality of data.

5.2 Path Design with an Interdisciplinary Set of Variables
Straightforward linear regression has been applied to assess the relationship between 
women’s education and infant survival as chapter 2.1 showed. Structural equation modelling 
(SEM) forms path models which go beyond linear regression models. Structural equation 
modelling is a general name for the method, but path analysis is the name for one common 
way of applying SEM (e.g. Töttö 2012, 192–198). Path analysis is useful when the paths of 
influences are fundamental for understanding a particular phenomenon. Töttö (2012, 171) 
states that path analysis provides a way to explain phenomena with mechanisms. 

Path analysis was born when Sewall Wright, an American scientist, began quantifying 
the indirect effects of the heredity of hair length in Guinea pigs (Wright 1921; Cheong 
& MacKinnon 2012, 417; Kline 2011, 15–16; Töttö 2012, 193). There are two ways of 
using path models. They are useful both in theory confirmation and theory construction. 
Firstly, when causal relations between variables are known, path analysis calculates the sizes 
of direct, indirect and total effects. Secondly, when causal relations are unknown, path 
analysis can be used to test causal hypotheses (Wright 1921, 557; Töttö 2012, 194). This 
study combines both of these approaches. Rex Kline (2011, 15–16) speaks of SEM as a 
disconfirmatory technique that can help reject false models (those with a poor fit to the 
data).
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Interdisciplinarity is an essential epistemological stand-point for this study. When 
aiming at producing a general theory, there is no room for any major dimension to be left 
out. Leaving some sectors out would increase the explanation rate of another dimension 
falsely. E.g. leaving material dimension (income poverty) out, sanitation could well become 
a component in the modelling. The main model will be challenged with a model without 
women’s education. It clearly demonstrates the strength of components in relation to each 
other. A strategy of presenting the construction process of the main model (Appendix XI) 
and many parallel models (Appendix XII) with different goodness of fit leads finally to 
comparative interpretation. This process confirms that the main model is the most optimal 
one. 

The formation of path models will be based on the multidisciplinary set of previous 
studies discussed mostly in chapters 2.4–2.7. The path analysis will rely on the findings of 
the linear regression models of chapter 6.1. 

5.3 Methods and Analyses
The previous chapters have covered the theoretical foundation, the research questions and 
variable formation. This section introduces the way in which research methods are used to 
answer the research questions. Here, a description of how the analytical tools are applied is 
given, while a detailed account of the phases regarding modelling will take place in chapter 
6.

Salvatore Babones (2014, 119) lists four options for functional relationships between 
raw and logged variables used in linear regression models. The classification shows that 
modification of the data makes a difference in terms of model type. The models in this 
study will be exponential as the dependent variable is logged and all independent variables 
are raw.

The study moves from basic to more advanced modelling. This means a move from 
linear regression analysis (supported by the partial correlation analysis) to structural 
equation modeling. Both these methods are applied to provide the most adequate cross-
country models as answers to the research question on the importance of women’s education 
for infant survival in relation to other societal variables in low and middle income countries?

Chapter 3 justified the contextual research question (above) by introducing a wide array 
of internal control variables. These will be analyzed in chapter 6, which is exploratory, even 
though it presents results. The investigation continues through chapter six. Two partial 
correlation analyses begin chapter 6.1 which then moves to the linear regression analyses 
that offer information on the mutual importance between the tested variables. The results 
of the linear regression analyses will be utilized in section 6.2 in justifying the optimal 
path model through which women’s schooling influences infant survival. The key issue in 
sections 6.2 and 6.3 is the ability of the structural equation modelling to identify the direct 
and indirect effects between the variables of interest.
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The construction of the main path model consists of various steps which will be 
documented in section 6.2 and Appendix XI. Section 6.2 focuses on the main path 
model. It will be validated by one alternative model. Section 6.3 discusses the performed 
experiments to challenge the main path model. The supplementary path models resulted 
from those analyses. The supplementary path models and two temporal models are located 
in Appendix XII. All path models presented in the study are accompanied by fit statistics 
which help to evaluate the goodness of fit.

The second research question is more methodological. It ponders, how does the structural 
equation modelling work as a way of analyzing variables related to women’s education and 
infant survival. The answer to this research question is formed in path analyses and it will 
be explicated in the final discussion of the study. The final discussion compares how the 
two types of modeling; the linear regression analysis and the structural equation modeling 
function in answering the first research question.

There are temporal comparisons on how the explaining variables in the two years studied, 
2000 and 2009, are related to the infant survival rate in 2010. Temporal analysis is applied 
both for linear regression and for structural equation modeling. The repeated comparisons 
control the time effect. The following cross-national comparisons of the two years studied 
explain trends between observed variables. Laying more emphasis on the time effect would 
require different methods. A longitudinal study design would also substantially reduce the 
number of variables that could be analyzed. The international data on adequate variables 
was insufficient before 2009, the main year of the study. Only from then on, still with 
some missing data, are the following variables available: the income poverty rate, living 
standard deprivation ratio, case management rate for infectious child disease and improved 
sanitation rate. Conclusively, the cross-sectional design provides new evidence on the 
associations between variables but the design is restricted in terms of temporal causation, 
which is also discussed in sections 3.6 and 5.6. 

5.4 Linear Regression: Assumptions
The section draws the main lines on how the assumptions of regression modelling are 
met. The regression analysis reveals relationships but no proof of causality which is a 
logical and experimental, rather than a statistical, problem (Tabachnick & Fidell 2007, 
122). The statistical assumptions of the variables for the linear regression analysis and for 
the structural equation modeling are examined here using the method book by Barbara 
Tabachnick and Linda Fidell (2007, 121–128) as a guideline. The residual analyses on the 
main relationships were applied and they showed that the homoscedasticity assumption is 
met. The standardized residual of the independent variables are viewed against standardized 
predicted values of the dependent variable. Despite the residual picture for each of these 
variables not being fully ideal, there is no severe heteroscedasticity visible which would 
lead to the abandonment of any of the variables. Furthermore, as no grouped analysis is 
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processed, even some level of heteroscedasticity would not be fatal (Tabachnick & Fidell 
2007, 85). Three validity tests were addressed for the main linear regression model 1.5 and 
to temporal models 2.1 and 2.2. The scatterplots on standardized residuals and predicted 
values distribute evenly enough for the analysis to be regarded as valid. The inspection 
verifies that the model is useable. The residual analyses are available on requested from the 
researcher. The histograms describe the distribution of the selected variables in Appendix 
VI. 

The amount of outliers is surprisingly low. The exclusion of unstable countries might 
partly explain this feature. First, in 2000 there are no significant outliers, and in 2009 
there are only two moderate outliers between any independent variable applied and infant 
mortality. These moderate outlier cases are still included. Azerbaijan is a slight outlier as 
it has a very low income poverty level (2 per cent) but the correspondent level of infant 
mortality is not low, but rather close to the average of the data (39/1,000). Still, this outlier 
does not cross the statistical criterion of outlier, e.g. over three standard deviations from 
the mean (Kline 2011, 54). This outlier case of moderate economic standing is related to 
the Soviet heritage that aimed at social security and equal material conditions. The socialist 
past with its extensive public sector may partly explain why health and education systems 
have high numeric provision in relation to the population. The limited adequacy of those 
systems might partly explain the underperformance in ensuring infant survival. 

Cuba, which has the best infant survival rate among the countries studied (5/1,000), 
receives only an average rate for the case management of infectious child diseases. 
Once formal health services in Cuba reach an exemplary stage and availability, the case 
management practices in homes might become a secondary issue. Additionally, in a country 
of advanced health promotion and wide service provision, serious infectious diseases e.g. 
diarrhea might be less common. This may lead to a situation where people are not familiar 
with adequate case management practices.

And finally, multicollinearity and singularity are problems when variables correlate 
too much (Tabachnick & Fidell 2007, 88). Multicollinearity is reported through VIF/
tolerance levels. There is no excessive multicollinearity in any of the models, as the highest 
multicollinearity rates (VIF 0.17; tolerance 5.82) is received by women’s secondary schooling 
in linear regression model 1.5. Still, values are on the safe side of the critical values ‘tolerance’ 
(>0.10) and ‘VIF’ (<10), exceeding those would give cause for concern (see Kline 2011, 
60–63; Babones 2014, 129).

Kurtosis is an important measure of normal distribution. All the variables used in the 
study have a much lower kurtosis index than the recommended limit (10). (Kline 2011, 
63). A noticeable skewness, yet still on the accepted side of the limit, was attached to child 
health services. This was discussed earlier in the variable section.
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5.5	 Structural	Equation	Model:	Complex	Set	of	Influences	as	a	Focus
Structural equation modeling is a collection of techniques that allow a set of relationships 
between one or more independent variable and one or more dependent variable. 
Furthermore, structural equation modeling is the only analysis that allows complete and 
simultaneous tests of all the relationships when the phenomena of interest are complex. 
(Ullman 2007, 676–679). The method is utilized in this study to capture the strength of 
the main associations between the master variable, other key independent variables and the 
dependent variable (see Tabachnick & Fidell 2007, 26). 

Structural equation modeling evaluates the validity of substantive theories with 
empirical data. The method is hypothesis testing for a structural theory that uses the 
multivariate analysis. The model specifies a priori causal relations among multiple variables. 
The aim of the structural equation modeling is to analyze “whether a hypothesized 
theoretical model is consistent with the data collected to reflect this theory”. The adequacy 
of the structural theory is evaluated with a “model-data fit, which indicates the extent to 
which the postulated network of relations among variables is plausible” (Lei & Wu 2007, 
33–34). 

Causality forms an external challenge to the analysis. Even if the data are consistent 
with the model, this does not ensure that the model represents to reality (see Kline 2011, 
16). The literature review is causal evidence of the reality on the main relationships which 
are tested in the analyses. Still, the relationship between the data and the model forms the 
emphasis in this work, and the ultimate links to reality are to be made by empirical studies 
in the future. 

Structural equation modeling is a large sample technique. Still, models with even as few 
as 60 cases are possible with new test statistics (Ullman 2007, 683; Bentler & Yuan 1999). 
The sample size required is dependent on model complexity, the estimation method used, 
and the distributional characteristics of observed variables. When studying less affluent 
countries, a relatively small sample is a reality. Rex Kline (2011, 11–12) notes there is a 
risk of bare-bone models based on small samples to appear uninteresting. This forms the 
main challenge the research design needs to overcome. The study will show that when fairly 
simple models pull different bodies of knowledge together, it is eye-opening.

In simple terms, there can be two types of structural equation models: a measurement 
model and a path model. Path analysis focuses on the structural relations among observed 
variables. Structural relations are hypotheses about directional effects and causal relations 
of multiple variables. (Lei & Wu 2007, 33–34.) Path modelling is applied in this work.

Stephen West, Aaron Taylor, and Wei Wu (2012, 212–213) collected a wide body of 
references and presented a table that covered all usual fit indices for covariance structure 
models. The table describing the fit indices that are utilized in this work can be found in 
Appendix X. The indicators of a good fit are applied to evaluate the quality of path models. 

Li-tze Hu and Peter Bentler (1998, 450) emphasize that a holistic consideration of 
a model includes more issues than the fit of the model. The holistic evaluation on the 
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validity of a model includes aspects such as the adequacy and interpretability of parameter 
estimates, and an assessment on the model complexity. This study aims at holistic model 
building with carefully selected variables including well-justified composite variables. The 
explanation rates (R²) will be interpreted alongside fit indices. The small sample applied 
here has no risk of becoming an overly complex model.

5.6 Limitations of the Study
The limitations of this cross-national statistical comparison consist of three issues. Firstly, a 
longitudinal approach was not possible in this study, which put the emphasis on providing 
the evidence between competing variables. When suitable time series are available on the 
key variables, longitudinal models would add causal strength to the models (Babones 2014, 
139–145). Secondly, the level of analysis, a national unit, hides some features such as several 
equality measures. And thirdly, malaria is an epidemic disease which troubles mostly Sub-
Saharan Africa. It cannot be addressed in this global study. 

Level

This study operates on a country level which means that interesting lower level issues, such 
as regional differences, cannot be taken into account. Kerala, a state of India, is the only 
major regional outlier case concerning Asian giants, China and India, in human survival 
(see Therborn 2011, 149). Kerala as a state of India merges here into the national average. 
Kerala, an object of vast scholarly interest, has achieved far better social development 
results than the Indian averages through various comprehensive public policies geared 
to social good (see a comprehensive overview by Ramachandran 2000). Göran Therborn 
(2011, 149) demonstrates the Indian regional under five mortality gap between “socially 
well-organized, leftwing, literate, with weak male domination by South Asian standards 
but not very well off economically” Kerala 19 per 1,000 and patriarchal Madhya Pradesh 
138 per 1,000 (MP: in 2005 infant mortality accounts for ¾ of the child mortality rates in 
South Asia). 

A Non-Global Epidemic: Malaria

The universal design of the study does not include those major causes of infant mortality 
that do not exist globally. The prime example of this is malaria which in some parts of Sub-
Saharan Africa is one of the leading causes of infant deaths but which in some of the other 
countries of the study is non-existent. Basically, the malaria-related aggregate variables do 
not meet the normal distribution assumption for linear regression based methods. So, this 
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study even includes countries with a high malaria incidence rate, which means that infant 
deaths related to malaria just enlarge the residuals of the models and erode the R² of the 
models. The estimations on global malaria prevalence indicate that at least 5–6 per cent 
of the infant death burden is not directly addressed by the research methods chosen in 
this study (Lozano et al. 2012, 2111; UNICEF 2012a). Also a mother’s malaria infection 
plays a role on infant survival, as infection adds to the likelihood of low birth weight of 
a new-born which increases the risk of infant death (Guyatt & Snowa 2001). Appendix 
V discusses malaria in more detail. Locations of high malaria are to be studied using a 
different methodology than applied here. However, the universal models formed in this 
study might be used for conceptual inspiration.

Longitudinal Analysis

A justified focus on cross-sectional design means that the time dimension can only be 
taken into account in a very limited way. The dependent variable remains the same in 
all analyses. One repeated measurement test is carried out both for linear regression and 
for structural equation. These models with 10 years between measuring points assess the 
temporal stability of the models. Limitations regarding time are due to many societal 
variables having a very short time-series available or there is excessive missing data. These 
problems are attached to the focal variables of the study, such as the income poverty rate 
and case management of child health.

How much does this cross-sectional work suffer from not been able to apply the 
longitudinal approach? David Brady et al. (2007, 17–18) created an unbalanced panel 
analyses on the data of 109 less developed countries from 1980–2003. Because of missing 
data the analyses were unbalanced. Their study was used as a benchmark in estimating the 
significance of time for modeling of infant survival. They aimed to capture both cross-
national variation (eight independent variables) and the variation in time (1980–2003) 
across six time-points. Time was found to be a significant variable in the final model as it 
received (standardized β=-0.08), though fertility (-0.32), urbanization (0.29) and secondary 
school enrollment (0.13) had higher importance. The GDP (standardized β=0.13) 
enhanced infant survival, but the negative interaction between the GDP and year (-0.09) 
on infant survival indicated that the GDP had lost its importance over time in improving 
infant survival. Brady et al. (2007, 16–17) conclude: “There has been a significant trend of 
increasing infant survival that cannot be accounted for by the independent variables (…) 
one must control for this global trend or risk overestimating the effects of independent 
variables.” A rough estimation on the level of trend impact on infant mortality within these 
eighty low and middle income countries is no more than 3/1,000 for the decade (2000–
2010) that this study focuses on. This calculation is based on the standard divisions of the 
time variable and the infant survival variable in the study by Brady et al. (2007). It is to be 
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noted that working with a different set of countries and a different time context mean some 
uncertainty for the estimation as used above. 

Generally, the positive global trend of improving life-conditions go beyond the 
independent variables studied here. For example safe water, access to electricity or improved 
transportation all contribute positively to infant survival rates. In contrast, the trends of 
industrialization and urbanization through pollution may also have a negative effects on 
infant mortality. Haidong Wang et al. (2014, 959–960) conceptualize secular trend as 
something that broadly captures child health technologies and interventions with other 
technological change that contributes to child health. One lesson of that study is that the 
variable composition truly plays a role on how the results looks. Also, the question can be 
raised if a wide composite variable, which explains a great majority of the variation, is a risk 
for meaningful results. 
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6 MODELS: FROM LINEAR REGRESSION 
TO PATH ANALYSIS

How is women’s schooling connected to infant survival in liaison to four separate societal 
dimensions (women’s reproductive autonomy, material conditions, child health practices, 
and child health services)? At first, all these theoretical dimensions are tackled one by one in 
linear regression analysis. Before this, partial correlation analysis clarifies the relationships 
between gender and education. Also the GDP and income poverty are placed under the 
same scrutiny. 

The main issue in chapter 6.1 is a set of cross-sectional linear regression models for infant 
mortality. The logarithmic version of infant mortality is applied as a dependent variable 
due to its more even distribution than the raw version. In the final regression analysis, 
one or two of the most influential observed variables of each dimension are regressed on 
infant mortality with women’s education. The section portrays the main outcome of each 
dimensional regression analysis (the regression tables can be found in Appendix IX). This 
section ends with an evaluation of the proven linear regression and the questions that 
remain open. The findings of the linear regression models nurture the construction of path 
models.

Chapter 6.2 presents the main path model. A description of the construction of the 
main path model functions as an introduction to the main model. Once the visual model 
and the strengths of the contributing variable components have been discussed, the 
alternative model without the master variable, women’s secondary schooling, challenges 
the main model. The R² and the fit of the models will be compared between these models. 

Finally, the main path model is tested by changing some of its components from one 
model to another. First, these supplementary analyses offer further proofs for the validity 
of the main model. Second, they provide useful knowledge, for example, on the role of 
modernization indicators. Thirdly, the tests on temporal stability improve the reliability 
of the analysis. 
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6.1 Linear Regression Models
Chapter 6.1 begins with a partial correlation analysis of two pertinent input dimensions 
of the study. Then dimensional linear regression analyses are put in practice (see Table 4.4 
for the dimensions). The main linear regression analysis pulls together all the variables that 
were statistically significant in the dimensional analyses. Finally, the temporal durability 
is examined. An assessment on the outcomes of the linear regression analyses precede the 
path analyses.

Partial correlation analyses

There are two fundamental elements of the main models that should be studied with 
partial correlation. First, there is a need to apply a partial correlation analysis to answer 
how women’s education differs from men’s education as an associate of infant survival in 
eighty low and middle income countries. The secondary schooling of men and women go 
very much hand in hand, as their mutual correlation is as high as 0.97 (p<0.001). The men’s 
secondary schooling rate (-0.73, p<0.001) has only a little weaker correlation with the 
infant mortality rate than the women’s secondary schooling rate (-0.79, p<0.001). 

Female and male secondary enrollment rates are applied as controls on each other 
(see tables in Appendix VIII) once their relationship is tested with infant mortality as 
the dependent variable. It is only women’s secondary enrollment that is primarily linked 
to lower infant mortality, as the correlation coefficient remains substantial in the partial 
analysis (0.48; p<0.001). The original strong negative bi-variate correlation (-0.73) between 
men’s schooling and infant mortality changes radically and even turns positive once 
women’s schooling was controlled (0.20, p=0.084). This drastic result on men’s education 
means that the validity of women’s education as a master issue was proved. This study no 
longer continues analyses with men’s education. However, this finding urges future studies 
to look at education and enrollment in relation to gender.

The GDP level and the income poverty rate are closely interlinked (-0.81 correlation). 
What are their singular associations with infant survival when the other variable is taken 
into account? The income poverty rate (0.79, p<0.001) correlates more closely with infant 
mortality than with the GDP level (-0.76, p<0.001). The partial correlations (Appendix 
VIII) demonstrate how income poverty maintains higher correlation (0.45, p<0.001) in 
relation to infant mortality once it is controlled with the GDP, than the correlation (-0.32, 
p=0.004) of the GDP with infant mortality when controlled with income poverty.

The results of partial correlation analyses mean the following: first, as stated above, this 
study no longer continues with men’s education. Second, as the GDP is such an important 
element of the discussion on wellbeing, and as it remained statistically significant in the 
partial correlation analysis, it will be included in the further analyses.
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Dimensional Linear Regression Analyses

The test on the dimension of women’s autonomy showed that the level of women’s 
secondary school enrollment associates more closely with infant mortality than gender 
parity in secondary schooling does (Appendix IX, Table 9.2). A model consisting of women’s 
schooling, fertility rate and contraceptive prevalence as independent variables explains 
about 70 per cent of the variation of infant mortality. As such, the analysis shows us that it 
is women’s reproductive autonomy that further analyses should focus on. 

All three variables on material conditions are significant when they are separately 
applied as predictors alongside women’s schooling to associate with infant mortality 
(Appendix IX, Table 9.3). The income poverty rate and the level of women’s secondary 
schooling together explain 71 per cent of the variation of infant mortality with fairly 
equal importance between both variables. Once all three material variables were tested 
simultaneously with the level of women’s secondary schooling, the poverty rate is the only 
statistically significant material variable. As a result, it will be the only material variable 
applied in the conclusive regression modeling at the end of this section. However, also the 
GDP level needs to be further tested. Path models provide more nuanced accounts on how 
different material issues play a role in better infant survival.

The third dimensional test examined how the key health practices operate as conditions 
for the linkage between women’s education and infant mortality (Appendix IX, Table 9.4). 
The contribution of breastfeeding to infant survival becomes visible only when it is applied 
with other key variables. Case management of the infectious child diseases and women’s 
secondary schooling form a two variable model that has a high R² of 0.72 on infant survival. 

The fourth dimension to be tested separately was child health services. The child health 
services index consists of the measles immunization rate and the ratio of births that are 
attended by skilled health personnel and the level of case management of infectious child 
diseases. The child health services index associates more closely than women’s secondary 
schooling with infant survival in a two variable model (see Appendix IX, Table 9.5). 

The linear regression analysis (Table 6.1) draws together all the variables that were 
statistically significant in the dimensional analyses discussed above. In addition to these, 
breastfeeding is analyzed here due to its suppressive nature as a variable. The dimensions are 
included into the model in the order they are presented in the main variable Table 4.4. The 
results are reported in Table 6.1 below and discussed thereafter.
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Table 6.1. Ordinary Least Squares Model of Infant Mortality on Women’s Schooling and Co-Variables

Model 1.1 Model 1.2 Model 1.3 Model 1.4 Model 1.5
Women’s 
secondary 
school 
enrollment

-.019***
-.789
(-11.29)

-0.002
-.081
(-0.66)

-0.003
-.127
(-1.14)

-0.003
-.119
(-1.19)

-0.000
-.016
(-0.13)

Women’s 
reproductive 
autonomy

Fertility rate
.091
.188
(1.77)

Contraceptive 
prevalence

-.010**
-.338
(-2.88)

-.012***
-.380
(-3.69)

-.009**
-.301
(-3.16)

-.011**
-.343
(-3.39)

Material 
conditions Income poverty

.009***

.363
(4.27)

.012***

.467
(5.64)

.010***

.408
(5.36)

.011***

.415
(4.99)

Child health 
practices

Exclusive	
breastfeeding 

-.006***
-.186
(-3.40)

-.005**
-.154
-3.06)

-.006**
-.167
(-3.10)

Case 
management 

-.008***
-.241
(-4.19)

Child health 
services

Child health 
services	index	

-.012** 
-.249 
(-2.39)

Constant 4.667***
(40.83)

3.333***
(9.70)

3.861***
(19.31)

4.566***
(18.47)

4.445***
(14.23)

R² .618 .758 .781 .821 .794
***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coefficient,	
standardized coefficient in bold and italics, and t-scores in parentheses.

The statistical significance that women’s education had in most of the dimensional 
regression models (see Appendix IX) converts to insignificance when variables of several 
other dimensions are calculated into the same model. In contrast, to women’s schooling, 
income poverty and exclusive breastfeeding maintained their statistical significance across 
models from 1.3 to 1.5. Similarly to these, contraceptive prevalence had a steady role in all 
the models. Overall, model 1.4 has the highest R² (82 per cent) among the models. 

In models 1.4 and 1.5 four variables – contraceptive prevalence, income poverty, 
exclusive breastfeeding, and case management or child health services index – associate 
with high statistical significance to infant survival. With the presence of these variables, the 
direct effect of women’s schooling on infant mortality is no longer statistically significant. 
The effect size of women’s schooling is small in model 1.4 and minimal in model 1.5. 

The interactions between women’s schooling and women’s reproductive autonomy need 
to be analyzed further. Even though fertility is not part of the main regression model 1.5, 
it will be included in the structural equation analyses. This solution will be explained in 
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chapter 6.2. Child health variables – case management and child health services index – had 
influential roles in almost all of the models. Similarly, income poverty had a solid role in 
the models. The same durability was gained by exclusive breastfeeding, though with smaller 
strength.

The linear regression analyses proved that internal variables associate with infant survival 
with a high statistical significance. However, linear regression gave an unclear answer to 
the main research question on the importance of women’s schooling for infant survival in 
relation to other societal variables in 80 low and middle income countries studied. 

When several dimensions are combined in a linear regression model, women’s schooling 
no longer gains a statistically significant role. There are two possible explanations for the 
phenomena. First, other variables than women’s education are more important for infant 
survival and therefore, the part of women’s schooling as an explanation becomes small. The 
other option is that the influence of women’s education is mediated to infant survival by 
other variables. This unclear situation needs to be clarified utilizing structural equation 
modelling as a tool. When the path models are formed we can compare the outcomes of 
the two types of modelling. Additionally, the final evaluation answers the second research 
question: How does structural equation modelling work as a way of analyzing variables 
related to women’s education and infant survival in low and middle income countries? 
Before turning to path models, linear regression is used in estimating the temporal stability 
of the models. 

A Brief Note on Temporal Stability

How stable is the explanatory power between the major dimensions? The values of the 
independent variables in the comparison represent either the year 2000 or 2009. It has to 
be noted that partly different variables (see Table 4.4 and Table 4.5) were applied in this 
stability analysis than were tested in the main regression analysis (Table 6.1). 
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Table 6.2. Comparison of Ordinary Least Squares Models of Infant Mortality 2010 in Two Time-Points

Model 2.1 Model 2.2
Women’s 
secondary 
schooling 2000

-.001
-.052
(-0.39)

Women’s 
secondary 
schooling 2009

-.004
-.151
(-1.09)

Women’s repro-
ductive autonomy

Fertility rate 
1995–2000

.132**
0.327
(2.69)

Fertility rate 
2005–2010

.132*
0.273
(2.56)

Material condi-
tions

GDP level 2000 .000***
-0.369
(-4.38)

GDP level 2007 -9.322E-005***
-0.338
(-3.73)

Child health 
practices

Exclusive	
breastfeeding 
1995–2001

-.007***
-0.186
(-3.30)

Exclusive	
breastfeeding 
2002–2008

-.005*
-0.149
(-2.52)

Child health 
services

Child health 
services short 
index	1995–2001

-.006
-0.198
(-1.81)

Child health 
services short 
index	2003–2009

-.008
-0.199
(-1.72)

Constant 4.046***
(9.96)

Constant 4.356***
(10.98)

R² .757 R² .737
***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coefficient,	
standardized coefficient in bold and italics, and t-scores in parentheses.

The comparison of models 2.1 and 2.2 exemplify that the overall R² of this set of variables 
only fell slightly from 0.757 to 0.737 between 2000 and 2009. The order of importance 
remained the same among the independent variables regressed on infant mortality. The 
GDP was the strongest associate variable in both time-points. The changes were small 
apart from one noticeable exception. The effect of women’s schooling rose clearly during 
the decade, although women’s education still remained a statistically insignificant variable. 
The test proves stability. It also assures that the importance of women’s education has not 
decreased during the decade. There will be two temporal structural equation analyses to 
provide additional proof on the stability (see the end of chapter 6.3).

Comparing two regression models helps to evaluate which variables of the main 
dimensions to include in the path models in the next chapter. Model 1.5 and model 2.2 
address the same time-point. Model 1.5 gains a higher R² (0.794) which is contrasted with 
the rate 0.737 of model 2.2 caused by the fact that there are three major differences between 
the models.

6.2 Main Path Model
The main assumption of the study was that women’s secondary education and infant 
survival are positively associated when studied across 80 low and middle income countries. 
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Section 6.1 proved that women’s schooling is connected to better infant survival when 
control dimensions were observed one by one (see Appendix IX). However, when all the 
dimensions were added to the same model, women’s education was no longer a statistically 
significant independent variable of infant survival. This is against the current understanding 
on the centrality of women’s education for infant (child) survival (e.g. LeVine et al. 2001; 
Hannum & Buchmann 2005; Subbarao & Raney 1995). 

The linear regression models indicate mainly direct effects between variables, though 
comparing linear regression models against one another also hints at indirect influences. 
Structural equation models take indirect effect into account and that is the main benefit of 
the method in evaluating the association between women’s education and infant survival. 
In order to reveal indirect routes between women’s schooling and infant survival, some of 
the variables will be studied as mediators.

This chapter introduces the main path model of the study. The information gained 
through the linear regression models is utilized when the main path model is constructed 
(see the model construction process in Appendix XI). All the path models are referred to 
as figures with fit indices attached to them with no additional reference. The main model 
SEM6 (Figure 6.1) and its main alternative SEM7 (Figure 6.2) are found in the text. Other 
path models are placed in Appendices XI and XII.

The presentation of the results is organized in the following way. Methodical guidelines 
come first. Then components of the main path model are introduced in the following order: 
fertility, poverty, breastfeeding, and the mediators on child health services and women’s 
reproductive autonomy. The introduction of the model makes some references to the model 
construction process. Earlier phases of the main model are used as an element of reflection. 
In addition to the evaluation of the model’s goodness of fit, the R² on infant mortality and 
the coefficients between model components are discussed. Some notes are also provided 
on the results of other researchers in order to justify the model components. Besides the 
country level results, survey based evidence is also reflected on in the analysis. It helps this 
aggregate level study address its arguments better.

Next, instructions are provided for how to read the figures of structural equation 
models. All one-way arrows are accompanied by numeric standardized beta (β)-coefficients 
in the model. One way arrows indicate causal direction. Two-way arrows are supplemented 
with correlation coefficients (r). Two-way arrows demonstrate an association, not causation. 
Structural equation models of this study are recursive, meaning causal flow goes from 
exogenous variables to the final dependent variable (Babones 2014, 151). All variables that 
have an incoming one-way arrow(s) have their R² rate above the textbox indicating how 
much of their variation is explained by the incoming variables. They also have a residual 
variable (e) indicating an unexplained variation. The most important R² rate is above the 
final dependent variable, infant mortality. 

The goodness of structural models are estimated with following fit indices (see table 
attached to Figure 6.1 below). The weight is given to p-value and SRMR. Chapter 5.5 
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and Appendix X discuss the model fit issues regarding structural equation models. All 
the structural equation model figures include the attached table which contains model fit 
values with the interpretation guidelines for each fit indicator.

The concepts path model and structural equation model are used as parallel terms. Path 
analysis is a more theoretical concept, while structural equation refers to the technical side 
of analysis. To help discussion, the numbered SEM abbreviation is used in place of the 
titles of path models. There are five models preceding the main model (SEM6) and these 
are found in Appendix XI. There are five models to supplement it. All models, except the 
most important alternative model SEM7, are placed in Appendix XII where two models 
assessing temporal validity are also found.
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Figure 6.1. SEM6. Path Model on Women’s Secondary Schooling and Societal Dynamics of Infant 
Mortality
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The main model SEM6 explains 81 per cent of the variation of infant survival. The main 
model also has very good fit statistics (p=0.840; SRMR 0.016). The combination of a high 
R² and a superior fit makes it the main model. In SEM6 income poverty has the highest total 
effect (standardized rate 0.50) in relation to infant mortality. Women’s schooling has the 
second highest total effect coefficient (-0.43), to be followed by contraceptive prevalence 
(-0.38), child health services index (-0.24), and exclusive breastfeeding (-0.17). 

The background analyses on the main model demonstrated that women’s secondary 
schooling has a minimal direct effect (β=0.02) as well as large indirect effects on infant 
survival. In SEM6 this marginal direct effect was assumed zero, which slightly improved 
the model. In the same way, this weak direct association between women’s education and 
infant survival is assumed zero in the four other models (SEM8–SEM11). 

Women’s reproductive autonomy measured by contraception prevalence forms the 
most important mediatory route (see indirect effects A+B below) (β=-0.29) from women’s 
schooling to infant mortality compared to the other route via the child health services index 
C (β =-0.14). Both of these routes also mediate the effect of poverty on infant survival, but 
the strength of the mediations are much weaker for poverty than for women’s education. In 
contrast to women’s schooling, income poverty mostly influences infant mortality directly. 

The total effect of women’s schooling on infant mortality is counted as a sum of two 
indirect paths of effect (A+B+C). To calculate betas (β) for the indirect routes, all the 
β-coefficients along the path are multiplied in the following way:

• Indirect A (β) (from women’s schooling via contraceptive prevalence): 
 0.76 x -0.34= -0.26

• Indirect B (β) (from women’s schooling via contraceptive prevalence and child 
health services index): 
 0.76 x 0.17 x -0.24 = -0.03

• Indirect C (β) (from women’s schooling via child health services index): 
 0.58 x -0.24 = -0.14

Further introduction of the main model (SEM6) is best done in the order that the model 
has been constructed. So we shall return to step one. The formation of the path models is 
based, on one hand, on the multidisciplinary set of previous studies. On the other hand, 
it relies on the findings of the linear regression models. The order is straightforward; the 
path models are constructed from a simpler one towards more complex ones. Appendix XI 
provides a step by step model construction. It includes model figures with the related fit 
statistics. The description of the model components is offered here.

Fertility is studied as a key variable of the models for the main relationship because 
fertility has a high bivariate correlation with both women’s schooling (-0.82) and infant 
mortality (0.78). The research evidence proves why fertility is an important part of the 
model. The path models SEM1 (Figure 9.1) and SEM2 (Figure 9.2) analyze which should 
be the direction of the effect between fertility and infant mortality. David Brady et al. 
(2007) find fertility to be one of three main variables (besides secondary schooling and 
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urbanization) for infant survival in poor countries. Their panel design does not allow 
causality from infant survival to fertility. The path model SEM1 presents the fertility rate 
as a mediator between women’s schooling and infant survival with the idea that a lower 
fertility rate would indicate higher women’s reproductive autonomy. This in turn is linked 
to lower infant mortality. The statistical insignificance and poor fit of SEM1 indicates that 
the direction of influence between fertility and infant mortality could go in the opposite 
direction, the way in which SEM2 sees it. The main path model, and all models from SEM2 
onwards, claim that the child mortality level influences the fertility level. The good fit and 
the statistical significance (P-value) speak for the adequacy of SEM2 (see Figure 9.2).

SEM2 provides a lower rate (R²=0.71) than SEM1 (R²=0.74). In contrast to SEM1 
(p=0.043; SRMR 0.030), SEM2 has a high statistical significance with a very good fit 
(p=0.701; SRMR 0.005). The statistical insignificance and poor fit of SEM1 indicate 
problems in the direction of causation. The demographic engagement of the focal variables 
in these structural equation models turn the way of influence upside down from the 
direction that the regression models usually assume (e.g. Brady et al. 2007). Setting the 
direction of influence from infant mortality to fertility, no mediator (between women’s 
schooling and infant survival) role is possible for fertility.

The effect size from fertility rate to infant mortality was tested (not reported in any 
figure) as an additional arrow to SEM6, and found to be small and reverse to what was 
expected (β=-0.07). The other coefficients in the test remained the same, but the reciprocal 
effect from infant mortality to fertility increased to (β=0.30). It seems that with the 
presence of women’s schooling and contraceptive use, the fertility rate is a weak indicator 
of women’s autonomy. If they are absent it may be a strong one.

The external research evidence justifies an incoming arrow from women’s education 
to fertility. By using data from Demographic and Health Surveys, Emily Hannum and 
Claudia Buchmann (2005, 344) demonstrate how the level of women’s schooling is linked 
to lower fertility rates across 11 poor countries. By applying survey data as well, Martha 
Ainsworth, Kathleen Beegle and Andrew Nyamete (1996) show us that female secondary 
schooling is associated with substantially lower fertility in all fourteen Sub-Saharan 
African countries.

Education may have a wide societal impact, even for those who do not attend school. 
The behavior of a person who does not attend school may be influenced by general 
educational expansion. This in turn may lead to change of ideas and values (Caldwell 
1982). Investigating data from Demographic and Health Surveys for 22 countries in Sub-
Saharan Africa, Øystein Kravdal (2002) offers evidence on the societal power of the level 
of education. The abstract of the study concludes aptly: “the average educational level in 
a village or a community of a similar size has a significant depressing effect on a woman’s 
birth rates, net of urbanization and her own education” (Kravdal 2002).

Another way in which women’s education indirectly affects fertility is through marriage 
at a later age. Shireen Jejeebhoy (1996, 60–77) describes in detail the mechanisms on how 
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women’s education delays marriage. World Fertility Surveys from 38 developing countries 
indicate that a woman with seven or more years of education marries almost four years later 
than a woman with no education (Weinberger 1987).

The demographic transition is one of the best documented generalizations in the social 
sciences. It means that “societies progress from a pre-modern regime of high fertility and 
high mortality to a post-modern regime of low fertility and low mortality” (Kirk 1996). 
The experience of economically developed and developing countries since 1960 prove that 
mortality plays a large role in fertility reductions. There is a 10 year delay from the change in 
mortality patterns to the adjustment of fertility behavior (Angeles 2010). Alberto Palloni 
and Hantamala Rafalimanana (1999) combined statistics with micro-level data in a study 
that proved infant mortality was positively connected to fertility in Latin America from 
1920 to 1990. 

Kaushik Basu (2002) argues that on top of the quite uniquely universal negative relation 
between female education and fertility, additional mechanisms e.g. the mediating role of 
infant and child mortality need to be acknowledged (ibid. 1784). The main path model, 
SEM6 organizes these three key variables in the best possible causal order.

Exclusive breastfeeding is a steady component of the main model. Comparing SEM3 
to SEM2 indicates how the total R² rate improves with breastfeeding. The statistical 
significance and the model fit of SEM3 are extremely good (see Figure 9.3 and Figure 9.2). 
In the main path model, a two-headed arrow describes the correlation between income 
poverty and exclusive breastfeeding.

There is another two-way relationship as income poverty and women’s secondary 
schooling are strongly interrelated (r=0.74) in a way where it is not possible to decide 
which of these variables would have causal primacy. The two-headed arrow in the main 
path model indicates this (Figure 6.1). The following empirical evidence supports this two-
way association.

Poverty has an impact on educational attainment. Deon Filmer and Lant Pritchett 
(1999b) showed through 44 surveys of 35 developing countries that rich and poor children 
enroll and attain education differently. The enrollment profiles of the poor form regional 
patterns. For example in South America among the poor, there is near total enrollment 
for the first grade followed by a large number of drop outs. This is contrasted by a pattern 
typical of South Asia and Western/Central Africa: the poor never enroll into school. The 
school year median between the rich and poor can differ a year or two, or sometimes as 
much as 9 or 10 years. Filmer and Pritchett (2001) found an enrollment gap of 31 percentage 
points between the rich and poor children across Indian states. Taking a closer look at the 
enrollment gap at state level, showed that in Kerala the poor children’s enrollment rate was 
only 4.6 percentage points lower than the rate of the rich. In contrast, in Uttar Pradesh, 
India, the gap was 38.2 and in Bihar 42.6 percentage points.

Nelly P. Stormquist (2001) concludes from the Latin American perspective that “for 
the poor people education means a trade-off, usually between obtaining food and going to 
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school.” Buying school materials, books and uniforms form a substantial expense for the 
poor. “The assumption of causality between poverty and education may be misread. It is 
not that parents are poor because they have no education; rather, they have no education 
because they are poor.” An even stronger consensus holds that education is crucial for 
economic improvements (see e.g. Psacharopoulos 1994 for a global review). The case studies 
by Gounder and Xing (2012) for Fiji, and Rolleston (2011) for Ghana, show us that school 
enrollment has an impact on household welfare i.e. on poverty. 

The child health services index is one of the two mediators in the main model (Figure 
6.1). Appendix XI of the path model construction offers a revealing comparison between 
SEM4 (Figure 9.4) and SEM5 (Figure 9.5) that apply different child health variables as 
mediator. The same variable also operates as a mediator between poverty and infant 
mortality in the models. The mediation effect of SEM5, which uses the child health 
services index as mediator, is clearly stronger in SEM5 than in SEM4, which applies case 
management as mediator.

Child health variables function as mediators because women’s education has been 
closely linked to health-related behavior which influences infant survival (LeVine et al. 
2001; 2004; LeVine & Rowe 2009; Schnell-Anzola et al. 2005). We can hypothesize 
that part of the effect that women’s schooling has on infant mortality is mediated by the 
improved care of infectious diseases (Halloran & Bundy & Pollitt 1989). However, care 
has to be taken not to oversimplify. On the basis of the evidence from Latin America and 
from the Philippines, the relationship between child morbidity (diarrhea and respiratory 
illness) and maternal education is not straightforward. The economically better-off seem to 
draw more child health gains from maternal education than the disadvantaged ones (Hatt 
& Waters 2006; Dargentmolina & James & Strogatz & Savitz 2005). This is why it would 
be important to study if, and how much, the association between women’s education and 
child morbidity is moderated by the economic status of the countries. However, this study 
focuses on the mediators and thus leaves the moderation effect, based e.g. on poverty out 
of its scope. 

The main path model SEM6 has another mediator, women’s reproductive autonomy, 
which is measured by the contraception prevalence rate. Overall, the main model SEM6 
includes two mediators (Figure 6.1). The main path model provides further evidence to 
what is already known on the relationship between women’s education and contraception. 
The link between women’s education and contraception is explicated by William Axinn 
and Jennifer Barber (2001). They carried out a survey on 5 271 rural residents in Nepal. The 
study provides an explicit mediating link between education and fertility transition. They 
showed that if a woman lives near a school building in childhood, this greatly increases 
permanent contraceptive use in adulthood. Women with a childhood proximity to a school 
had 39 per cent higher annual odds of using a permanent contraception. Also a husband’s 
education and the woman’s current housing close to a school had a wide limiting impact on 
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fertility. The strongest effect of education on permanent contraceptive use was attached to 
whether or not the parents sent their children to school.5

The main model separates two demographic mechanisms on fertility. The fertility rate 
is raised by a high child mortality rate, as proved in the earlier models, but the fertility 
rate also decreases by the use of contraceptives. And the contraception prevalence rate – 
indicating reproductive autonomy – operates as a mediator between women’s schooling 
and infant mortality.

Public health services and education expanded roughly during the same decades in low 
income countries. This may partly explain why school enrollment associates so strongly 
with child health services in the path model. Education has been an international priority 
since the 1960s. Despite this, some of the major problems, e.g. school drop outs, quality of 
schooling and illiteracy, have not been solved. A global landmark in the development of 
education is the Declaration of the Rights of Children at the Jomtien conference in 1990, 
which stated that children have a right to receive a basic education. (Hall & Midgley 2004, 
142–167.) Strengthening the state’s role as a provider of universal public health services was 
a result of the WHO declaration that took place in Alma Ata in 1978. However, trends in 
health care reforms have since been multifaceted (Bhatia & Mossialos 2004). 

Shireen Jejeebhoy (1996, 112–113) concludes in her classic book that “educational 
differences in health-care utilization for children are evident in all settings (…)” This study 
observes the first decade of the new Millennium, and it seems the national coverage of child 
health services increase with the rise of secondary school enrollment. Despite both women’s 
school enrollment and child health services both being products of the modernizing society 
and often co-existing, no necessary causal linkage applies. However, this work assumes 
causality based on the literature reviewed and the model fit indicated an arrow from the 
women’s secondary enrollment to the child health service provision. 

Path model SEM6 defines the key structures differently to The Composite Coverage 
Index on Maternal and Child Health Services (CCI; see Appendix V). This composite index 
includes both mediators of the path model. When these routes of mediation are defined as 
maternal and child health service, the reality is simplified because the vast societal practices 
behind the variables of the CCI are hidden. Contraception (and its prevalence) should not 
be seen simply as a health service, as the CCI defines it. Rather it should be seen as an 
interface of the health sector and a cultural practice. This interaction shapes gender roles 
and reproduction. It would be of great value if the CCI openly discussed the key societal 
practices behind the variables of the CCI. 

The second research question of the study ponders how structural equation modeling 
works as a method. The main path model is an advanced formulation on the causal and 
associative relationships between model components. In linear regression, the standardized 
regression strength of women’s schooling on infant mortality was small with no statistical 

5 The study of Axinn and Barber (2001) on the wide reaching social effect of schools has resonance to 
Ellonen’s (2008) study from Finland that proved that the school as a social community affects the risks and 
symptoms of behavioral problems.
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significance. The main path model indicates women’s education as the second most 
important variable with the (-0.43) standardized total effect on infant mortality, income 
poverty (0.50) being the most important one. Another conclusion is that women’s education 
is a more important way to enhance infant survival than improvement of child health 
services in the 80 low and middle income countries studied. But these findings can only 
be drawn from path models not from linear regression models. Therefore, it really matters 
whether we can apply a method which takes into account the most important indirect 
routes. 

The main path model will be challenged in the next chapter by a master alternative 
model. More alternative models are also discussed. The aim of the coming analysis is to 
increase the validity of the main model. 

6.3 Testing Path Models
Validity of the main path model is tested by changing some of its components. The main 
alternative path model SEM7 is without the master input variable; women’s secondary 
schooling (see Figure 6.2). It is contrasted with the main model. More tests will follow, as 
the modernization indicators, sanitation and urbanization, are added to the model. And 
finally, the time effect will be analyzed by a similarly structured path model of the same 
outcome variable between two sets of independent variables with a 10 year time gap. All 
these tests help to assess the validity of the main path model. The main alternative path 
model is found in the text and the other supplementary path models (SEM8–SEM13; 
Figure 9.6–Figure 9.11) are placed in Appendix XII.

The main alternative path model (below) tests if a valid model can be composed without 
the master variable, women’s schooling. In the model, income poverty takes the focal place 
of the master variable that women’s schooling has in other models. In the main alternative 
model the R² rate on infant mortality (80 per cent) stands almost at the same level as in 
the main path model (81 per cent) but SEM7 receives a clearly weaker model fit (p=0.13; 
SRMR=0.056) than in the main model (p=0.84; SRMR=0.016).

In SEM7, the absence of the women’s schooling rate leads to a model in which the weight 
of income poverty as an explaining variable of infant mortality peaks among all the path 
models formed (SEM1–SEM11). The standardized total effect for the income poverty rate 
is as high as 0.83 (compared to 0.51 in SEM6). Also the nominal weight of contraception 
prevalence increases from the level of SEM6. The other main components of the model, the 
child health services index and the rate of exclusively breastfeeding receive the same sized 
coefficients in SEM6 and in SEM7. Note, there is one less variable in SEM7 compared to 
SEM6, which means that the above coefficients are not totally compatible. 

SEM7 shows it is possible to identify a barely valid model without women’s schooling 
as a variable. Conclusively, the major differences in the goodness of model fit rates between 
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these models demonstrate how essential as a component women’s education is for modelling 
infant survival.

Figure 6.2. SEM7. Path Model without Women’s Secondary Schooling 
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Applying the GDP level as the material component instead of the income poverty rate 
leads to a lower R² rate, 78 per cent compared to 81 per cent in the main model (see Figure 
9.6). The fit indices for the model with the GDP component, SEM8, are equal with the 
main model, SEM6. In the alternative model, SEM8, the GDP has weaker association 
with infant mortality than the income poverty rate has in the main model. Switching the 
material variable clearly affects the importance of the three most focal dimensions. The 
standardized total effect in SEM6 for the income poverty rate is (0.50) while in SEM8 the 
GDP level totals at (-0.42). Correspondingly, the standardized total effect of the second 
most important component of the main model, the women’s schooling rate (-0.43 in 
SEM6), becomes the most important (-0.48) in SEM8. Also the standardized total effect 
of the child health services index (-0.36) in SEM8 compared to (-0.25) in SEM6 has a 
noticeable difference. It is important to bear in mind that the focal question, how much 
the level of income poverty owes to the level of GDP remains out of the scope of this study.

Sanitation is tested as an addition to the main path model. SEM9 presents two new 
causal (single-headed arrows) associations of sanitation (see Figure 9.7). First, women’s 
schooling strongly links to better sanitation (β=0.55) which reflects the idea that women’s 
education may be connected to the level of people having access to proper sanitation. This 
may be explained on the individual level by assuming that women with more years of 
schooling are more likely to influence the improvement of sanitation practices. The second 
causal assumption concerns poverty, which limits resources for better sanitation (β=-0.34). 
Sanitation is a negatively linked to infant mortality (positive with survival) besides the five 
main variables, with a low strength (β=-0.10). SEM9 has a similarly high R² rate of 81 per 
cent to SEM6, but the model fit is clearly weaker (p=0.325; SRMR=0.025) than in the 
main model (p=0.840; SRMR=0.016). 

Sanitation may be very important in some of the countries and contexts, but as a 
universal factor in poor countries, it should not be prioritized over poverty reduction or 
the improvement of the women’s schooling opportunities. Better sanitation may well stem 
from poverty alleviation or from a higher education level of the people. The strengths of the 
components are almost equal between the main model and the model with sanitation as 
an included component. The model exemplifies that improved sanitation is a positive asset 
with a low level influence for better infant survival in eighty non-affluent countries. 

What is the magnitude of the effect that urbanization has on infant mortality? The 
urbanization rate is included in the same way as the previous model involved sanitation. 
The model with the urbanization rate, SEM10, connects urbanization with double-headed 
arrows with three variables, women’s schooling, breastfeeding and poverty (see Figure 9.8). 
The correlation coefficients for those two-way connections are visible in the figure. 

SEM10 has a correspondingly high R² rate of 81 per cent to SEM6, and even a slightly 
better model fit (p=0.903; SRMR=0.016) than the main model, SEM6 (p=0.840; 
SRMR=0.016). Between the model with urbanization and the main model, most of the 
component betas are at the same level. Because of its clarity, SEM6 is regarded as the 
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main model. In contrast, SEM10 brings complexity to the model by adding three more 
associations. As its main contribution, SEM10 indicates urbanization has a low direct 
effect (β=0.09) on infant mortality (which means it has a negative relation to infant 
survival). As significant survival related societal issues such as poverty, gender, schooling, 
and child health provision are already in the model, the “residual” effect of urbanization 
indicates the dark side of urbanization. According to Unger (2013) “limited but consistent 
evidence suggests higher infant and under-five year mortality for children residing in slums 
compared with non-slum areas.” When the slum population constitutes a majority of urban 
residents in poor countries, the result of urbanization is mixed or even negative on infant 
survival as described by Mike Davis (2006) below. 

“Using conservative definitions by the United Nations Habitat office, there are 
today 1 billion people living in slums globally. (…) the slum population constitutes a 
staggering 78.2 percent of the urban population in less-developed countries—fully a 
third of the global urban population. The cities of the future, rather than being made 
out of glass and steel as envisioned by earlier generations of urbanists, are instead 
largely constructed out of crude brick, straw, recycled plastic, cement blocks and 
scrap wood. (…) What makes today’s slums different from the Dickensian inner-city 
tenements of London in the 19th century is that they are peri-urban—that is, they 
are largely on the far edges of established cities, neither countryside nor city, usually 
about 20–30 miles from the city centers. (…) Not only are today’s slums larger than 
in the 19th century, but they are more dense. (…) A small fire can spread to destroy 
1,000 units of housing in 15–20 minutes. Infectious diseases travel rapidly in such 
an environment.”

The above testimony makes it questionable whether urbanization can be used as a proxy 
for service provision, as the next model assumes. However, SEM11 tests how urbanization 
(urban areas are assumed to have a higher service level than rural areas) might be a hidden 
cause behind the main relationship of the study. SEM11 (p=0.214; SRMR=0,056) has a 
clearly weaker model fit than SEM10 (p=0.904; SRMR=0.016). 

In the model, the link from urbanization (β= 0.14) to women’s schooling is much lower 
than the corresponding linkage from the poverty rate (β=-0.65) which is far more plausible 
as a cause behind women’s schooling. SEM11 presents income poverty as a plausible cause 
(one-way arrow) to women’s schooling, even though this relationship is most likely a two-
way one. A non-reported linear regression analysis (N=80) regards women’s schooling (β= 
0.56) as more important than urbanization (β= 0.33) as an associate of income poverty. 
The importance of women’s schooling in relation to poverty ought to be kept in mind, 
when viewing the high coefficient (β= -0.64) of urbanization (as the only cause) to income 
poverty in SEM11. This mediation through income poverty increases the overall role 
of urbanization in the model and gives an unrealistic picture of its influence on infant 
survival. This is why SEM10 with its two-way arrows and better model fit provides a more 
valid estimation than SEM11.
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There are two mediators that convey the influence of women’s schooling to infant 
survival. These are women’s reproductive autonomy and child health services provision. In 
SEM11 urbanization has a minimal role in explaining either of these connections. First, 
besides women’s schooling (β= 0.59) and the poverty rate (β= -0.20), urbanization (as a 
proxy for service provision) has a very small and negative (!) role (β= -0.05) with the child 
health services index. And in the milieu of its other mediation, urbanization practically 
does not explain (β= 0.02) women’s reproductive autonomy measured by contraception 
prevalence but women’s schooling (β= 0.84) is a very strong plausible cause of it. 

Two cross-country tests provide a generalization of the minimal and slightly negative 
role of urbanization on infant survival in non-affluent countries (see SEM10 and SEM11). 
Future analyses on urbanization need to be more nuanced, regardless of the research 
design. It is obvious that urbanization consists of – to make it simple – two contradicting 
processes. The positive trend is that urban life provides ways to battle income poverty as 
well as technical advances, both which potentially improve the life chances of infants. But 
on the other side of urbanization is a global misery of slums with deteriorating standards 
of living that pose increased risks for new lives. For a slum dweller, urbanization may be a 
disadvantage while an inner-city resident may enjoy the advantages (e.g. enhanced child 
health service provision) of urban life. A study utilizing aggregate level data is unable 
to capture the polarized logic of contemporary urbanization in low and middle income 
countries.

Temporal Stability of the Path Models

Comparison of two linear regression models with a decade between the time-points of the 
explaining variables, proved that women’s education was not significantly associated with 
infant survival in 2000 or 2009. However, women’s schooling was the only variable in the 
model that substantially gained importance between time-points, although it remained 
statistically insignificant in 2009.

Two path analyses were applied on temporal stability. Both models (see Figure 9.10 and 
Figure 9.11) have the same target variable: the logarithm of infant mortality in 2010. The 
input variables of SEM12 (2000) and SEM13 (2009) have the mutual lag of 7-10 years. The 
same variables are applied in this temporal comparison of path models as in the temporal 
linear regression analyses.

The temporal comparison between these two path models, SEM12 and SEM13, 
show no dramatic overall differences. Just two associative paths between the models that 
evidently differ. Firstly, the child health services in 2000 had a stronger link (β= -0.29) 
with infant mortality than in 2009 (β=-0.23). One major reason behind this difference lies 
in the massive influence of the increased measles vaccination coverage (which forms ½ of 
the child health services short index). Its influence on infant survival was greater in 2000 
than in 2009. 
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Secondly, the direct effect of women’s secondary schooling on infant mortality is stronger 
in 2009 (β=-0.31) than in 2000 (β=-0.25). This change is related to improvements in child 
health services discussed earlier. There is a general trend in low and lower middle income 
countries – if not towards a knowledge based society – at least towards an increasingly urban 
and commercial society. This presents women’s schooling as a progressively central resource 
for infant survival. Even a decade can make some difference in this respect which is visible 
in the change of these two components. The temporal comparison demonstrates that any 
variable, or even any dimension, may have its moment to influence infant mortality. There 
is optimal timing for each variable and the duration of this time varies from one variable 
to another. The measles vaccination coverage is now high and fewer infants succumb to 
the infection than in earlier decades. In contrast, women’s secondary education as an 
explaining variable of infant survival seems to have gained, rather than lost importance 
during the first decade of the new millennia.

Three models apply the GDP level as a material component of the path model, which 
helps to evaluate the relevance of variables on child health services. SEM8 operates with a 
more complete child health variable than the temporal models. Including the behavioral 
aspects of pneumonia and diarrhea care (case management) makes the child health services 
index highly important in SEM8 (-0.35; standardized total effect). In contrast, SEM13 
operates with the same time point, but the corresponding account for the child health 
services short index was significantly lower (-0.22, standardized total effect). This is even 
more noticeable as SEM8 includes contraception prevalence as an additional component 
which SEM13 does not. Having more components in a model should erode rather than 
increase the coefficient of the child health component. This confirms that the child health 
services index used in SEM1–SEM11 seems to efficiently capture the key inputs of child 
health services provision.

Chapter 6 applied two types of modelling: linear regression and structural equation 
analyses. The methods produced largely similar outcomes on the variables that influence 
infant survival, except for one variable; women’s education. When all important dimensions 
were included in the same linear regression model, women’s education was not a statistically 
significant variable of infant survival. In contrast, the path model identified a large role for 
women’s education, which was the second most important variable after income poverty in 
explaining cross-country variation of infant survival. Women’s education only has indirect 
influences on infant survival via child health service provision and women’s reproductive 
autonomy. Separate models proved high temporal stability for the models. The role of 
women’s education increases rather than decreases as an explaining variable of infant 
survival.
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7 DISCUSSION

The study applied exploratory methodology to make sense of the core social development 
processes across 80 low and middle income countries. The macro level path models examined 
the role of women’s education on infant survival. Partial correlation and particularly linear 
regression were used as tools to find the meaningful societal co-variants for the relationship 
between women’s education and infant survival. Finally, path models based on structural 
equation modelling presented the main findings of the study. Path models showed their 
usefulness in revealing the shortcomings of the linear regression analysis. 

The study was able to identify two main mechanisms through which women’s education 
indirectly influences infant survival. The path models prove the well-known fact that 
infant health promotion has multidimensional determinants. There are five major elements 
behind better infant survival across the 80 low and middle income countries studied. These 
are in the order of importance: (1) low level of income poverty, (2) women’s education, 
(3) women’s reproductive autonomy, and (4) multiple child health services, as well as (5) 
breastfeeding. The factors listed above intersect in fundamental ways, but the mediators 
between women’s education on infant survival are the most meaningful associative 
structures for the relationship. The path analyses reveal that the effect from women’s 
education to infant survival goes through two mediatory routes: child health services 
provision and women’s reproductive autonomy.

The result confirms the finding of Haidong Wang et al. (2014) that income poverty 
was the leading cause of child mortality in the poorest five super-regions. The result also 
confirms the finding by Ce Shen and John Williamson (2001) on the crucial importance 
of women’s status as a key structure of infant survival. The empiric models support and 
specify Amartya Sen’s (1999, 189–203) conclusion on the role of education in strengthening 
women’s agency, which in turn have implications in improved child survival and reduced 
fertility. In contrast to the classic linear regression model, the path analysis is able to 
construct a more detailed model on the plausible causal relations between the key variables 
of infant survival.

Sticking strictly to a narrowly defined level of inquiry (either distal or proximal) of 
infant mortality could hinder a holistic analysis. This study has applied societal variables 
all along the distal-proximate divide. The choice seems feasible. Applying path analysis 
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helps to overcome the worry expressed by Schell et al. (2007) that proximal variables would 
colonize the distal ones. Combining the result of the study with what is previously known 
speaks for the importance of societal level variables over global level variables. 

One important methodological finding is that the standard linear regression does not 
capture the relationship between women’s education and infant survival when the women’s 
reproductive autonomy variable and child health services indicator are in the same model. 
In such a model, the effect of women’s education becomes hidden, and it becomes a non-
significant variable for infant survival. In contrast, the structural equation models take 
indirect influences into account and reveal the association between women’s education and 
infant survival. 

UNICEF’s Composite Coverage Index on Maternal and Child Health Services is an 
advanced index that observes the contraception prevalence as a maternal health service 
(family planning needs satisfied). This study took a partly different conceptual solution when 
it defined contraception prevalence as an indicator of women’s reproductive autonomy, and 
admitted that the use of contraceptives is largely a behavioral and cultural issue. Keeping 
women’s reproductive autonomy and child health services as separate variables led to sound 
models. 

The study at hand operated with a simple women’s reproductive autonomy concept: 
contraceptive prevalence. The models proved that it is women’s education that matters 
more than income poverty to women’s reproductive autonomy. Women’s autonomy, as 
wider concept than just the reproductive autonomy, may be studied in the future when the 
number of countries in the women’s autonomy survey increases (UN 2010, N=44). The 
survey includes highly relevant questions on women’s earning abilities and the control of 
them. 

There is a need for a more detailed understanding on women’s autonomy and its role 
on infant survival. There are many indicators related to women’s reproductive autonomy. 
Looking at the results on an individual level raises the question on how smaller family-
size connects to women’s life and infant survival. Do children in a smaller family receive 
more care and attention? Do mothers with fewer children have more time and freedom 
for beneficial things such as work, education, social networking and media? There is a long 
way to go before these dynamics can be understood. Shireen Hassim and Shahra Razavi 
(2006) identify the main global gaps of gender inequality. The quality of employment 
and related social entitlements favor men at the cost of women, despite increased gender 
equality in the labour market participation. Additionally, the provision of unpaid care that 
is still feminized everywhere. Also the political participation of women often lags behind 
men. The improved education of women seems to create multifaceted capabilities which are 
narrowing the gap of global gender inequality, just as Amartya Sen (1999, 198) and Marta 
Nussbaum (2011, 152–157) have outlined. 

Urbanization is a contradictory attribute of infant survival according to the mixed 
results. On the one hand urbanization generally means better availability of modern 
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facilities compared to rural life. On the other hand, the increase in the number of slum 
dwellers decreases wellbeing and infant survival. Urbanization is well worth further 
analysis with more nuanced variables or by another methodology that pays attention to 
the qualities of slum life. Both poverty and urbanization should be involved in one way or 
another in all aggregate level studies on infant survival. Another modernization indicator, 
sanitation, had some explanatory power in this study. Possible improvements in sanitation 
linked so closely with income poverty that the individual effect of sanitation on infant 
survival reduced.

This study excluded nine countries due to their young female HIV/AIDS rate crossing 
the 5 per cent threshold. During the first decade of the Millennia which this data refers to, 
HIV/AIDS was a considerable risk for infant mortality. Nowadays, this risk has decreased 
due to the increasing share of pregnant women who are using anti-retroviral treatment. 
This keeps the patient alive and gives her the possibility of a normal life. The anti-retroviral 
medication reduces the risk of mother-child transfers of HIV-infection close to zero! Just a 
decade ago the transfer of disease was a serious problem and the reason for some of the data 
being excluded. When considering the validity of the data, the critical areas are Central and 
Western Africa, where progress is slow for pregnant women receiving anti-retroviral drugs. 
The prevalence of malaria also needs to be included in future studies. 

Fit indices of structural equation modelling were used in valuing the most adequate 
path models. One example of this was the choice between the two roles of fertility. Fertility 
is better conceptualized as a variable influenced by the infant mortality level. This refers to 
a demographic formula in which a death of an infant is replaced by a new pregnancy. The 
original assumption of low fertility as an indicator of women’s reproductive autonomy did 
not fit the model when women’s reproductive autonomy was represented by contraception 
prevalence. 

Haidong Wang et al. (2014, 959–973) examined neonatal, infant and child mortality. 
Among other results, that study provides estimates on child mortality change between 
1990 and 2013. Two of five structural variables are massive aggregates, namely the secular 
trend and fertility. This study at hand provides path models that deepen the understanding 
on the interaction between four key issues, which also the study of Wang et al. (2014) 
focused on. These are women’s education, contraception, fertility and infant survival. The 
results of this study question whether the secular trend of child health related technology 
and services need to be given such an overarching role as a factor of improved child survival 
(Wang et al. 2014).

The time period between independent and dependent variables needed to be sacrificed 
in order to include all relevant variables. The longitudinal approach was not possible either 
due to low availability of focal societal data. However, basic temporal control analyses 
were applied. The temporal analyses proved the stability of the studied resources of infant 
survival. The relevance of women’s education for infant survival even slightly increased 
during the first decade of the Millennium. 
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The results imply that economic growth as such, is not enough to build an inclusive 
society which is demonstrated here by the level of infant survival. The development of 
institutional structures enhancing wellbeing are focal, as all major resources of infant 
survival situate at the core of welfare institutions. The three domains of a welfare state; 
education, health and social security; are key resources for infant survival in the countries 
studied. In the light of the results of this study, the welfare state needs to put back into 
the center of politics as it would be the perfect policy program for better infant survival. 
Whether welfare institutions are provided by the state, markets or voluntary organizations 
is a key question left unanalyzed here. Additionally, institutional structures and cultural 
patterns in the 80 low and middle income countries studied are so different that the actual 
socio-political programs are, and will be diverse. 

The governance and finance of social development in the low income world are reshaping. 
In addition to national income generation, low income countries receive resources from 
many sources, such as globally oriented philanthropist, remittances, investments of ex-
patriates and by China, as well as the resources from the industrialized countries. The social 
protection floor initiative is one framework pushing comprehensive social security forward 
on the global level. Also the UN’s Sustainable Development Goals provide an advanced 
global development agenda, importantly including the environment, which may be a key 
policy context for wellbeing in some places. One issue to bear in mind is that two countries 
– China and India – form roughly half of the population of the countries studied. The 
development of these Asian giants determine largely the faith of both women’s education 
and infant survival.

Globalization makes the world an ever more interconnected place which creates 
a chance for global solidarity. This is reason enough to aim at a better understanding 
of the social development of low and middle income countries, where social policy as a 
promotion wellbeing lies largely within the sector of education and health, not forgetting 
the importance of poverty alleviation. Simultaneously, the politics of education and health 
are fundamental for the enhancement of gender equality.

This study has brought together societal factors that influence the level of infant 
mortality. One way to further the research would be to create country profiles indicating 
each country’s assets and weaknesses for better infant survival. This line of research may be 
a fruitful way of disaggregating the results of this study to the levels of world regions as well 
as countries. This would indicate differences in the way that was not possible for this study. 
Future studies might also examine how the model functions when moderated by welfare 
regimes or grouped by levels of poverty – although a small number of countries may cause 
problems with path analyses. Furthermore, case studies of the most interesting cases could 
be carried out.

The social development framework, with emphasis on issues such as capability, social 
investment and social resources, is a crucial view on social policy. These ideas helped to 
construct this study which showed that women’s schooling is the second most important 
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variable in a model that explained 81 per cent of the variation of infant mortality in eighty 
low and middle income countries. The path models reveal the main mechanisms and the 
mutual importance between the key variables behind infant survival. Overall, the results 
highlight the importance of social and public policies, such as women’s education, in low 
and middle income countries as means to reduce infant mortality and more generally, as a 
way to enhance the wellbeing of the population as a whole.
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9 APPENDICES

I	 Appendix.	Evaluation	of	Quality	of	Data
Variable Operationalized 

form 
Data source Reliability of the data

Researcher’s ranking of reliability:
A: high; B: good; C: medium; D: low

Infant mortality 
rate

Logarithm of infant 
mortality rate 

UNICEF 
(2011b) 

Reliability rank: B
UNICEF combining several practices brings substantial 
reliability to the data.
Variation of live birth criterion, vital registration system, and 
reporting practices cast doubts (Anthopolos & Becker 2010).
A small share of infants is registered in poor countries 
(UNICEF 2013d).
Household surveys as the primary sources in countries 
without functioning vital registration systems improve 
reliability of the data (UNICEF 2013c).
See	Appendix	V	for	a	more	detailed	assessment	on	the	
reliability of infant mortality rate.

Women’s 
secondary school 
enrollment gross 
rate

Women’s 
secondary school 
enrollment gross 
rate “Number of 
students enrolled 
in a given level 
of education, 
regardless of age, 
expressed	as	a	
percentage of the 
population in the 
theoretical age 
group for the same 
level of education.”

(UIS 2011 & 
(UNESCO 
2011)

Reliability rank: B
“The UNESCO enrollment series have been used in a 
large number of empirical studies (…) Enrollment rates can 
probably be considered an acceptable, although imperfect, 
proxy	for	the	flow	of	educational	investment.”	(De	la	Fuente	
& Domenech 2006, 3).
School register, school survey or census for data on 
enrollment by level of education. Population censuses or 
estimates for school-age population normally obtained from 
the	central	statistical	office.	(UIS	2009)	
Gross enrollment rate (GER) functions better than net 
enrollment rate (NER) see variable section 4.3 for more 
details. 
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Income poverty Per cent of 
population living 
with less than $2/
day (ppp at 2005 
international prices)

World Bank 
(2009b), 
access through 
UNDP (2009)

Reliability rank: C
Income poverty rate is based on the GDP per capita 
(PPP US$) data are provided by the World Bank (2009b, 
67-71). “In comparing standards of living across countries, 
economic statistics must be converted into purchasing 
power parity (PPP) terms to eliminate differences in national 
price levels. The current estimates are based on price 
data from the latest round of the International Comparison 
Program (ICP), which was conducted in 2005 and covers 
a total of 146 countries and areas. For many countries 
not included in the ICP surveys, the World Bank derives 
estimates through econometric regression. For countries 
not covered by the World Bank, PPP estimates provided by 
the Penn World Tables of the University of Pennsylvania” 
are used (UNDP 2009, 206; see also Haughton & Khandker 
2009, 188). Consumption would have been a more 
adequate measure than income but only two thirds of the 
sample countries can provide this data. Furthermore, timing 
of	the	data	collection	may	influence	income	more	than	
consumption.
Assessing peasant economies through money based 
measures is challenging, because a large share of the living 
stock is not market based. Most data include valuation 
on consumption or income from self-production, but this 
is not the case with all surveys, additionally valuation 
methods vary (World Bank 2009b, 71). For methodological 
challenges of international poverty comparisons see 
Haughton & Khandker (2009, 181-202).

Child health 
services	index

Average per cent 
of children under 
five	with	suspected	
pneumonia taken to 
appropriate health 
care provider, and 
per cent of children 
aged 0-59 months 
with diarrhea 
receiving oral 
rehydration therapy 
and continued 
feeding
(CMN)
Per cent of measles 
immunization rate 
(MSL) among 
1-year old children 
Per cent of the 
births attended 
by skilled health 
personnel (SBA) 

UNICEF 
(2011a & 
2011b)

Reliability rank: MSL: A-B
Reliability rank: SBA: B
Reliability rank: CMN: B-C
Applies mostly the same variables as the CountdownTo2015 
(2012,	203-205)	and	Composite	Coverage	Index	(CCI)	
which	is	a	major	composite	index	on	maternal	and	child	
health services (Barros et al. 2012, supplementary 
appendix).
Missing data is widest for case management (CMN) 
including pneumonia (7 regional averages used in data 
imputation) and diarrhea treatments (15 imputation applied). 
Furthermore,	there	were	two	ways	of	defining	pneumonia	
treatment, which may slightly decrease reliability (see 
Appendix	V).
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Exclusive	
breastfeeding

Exclusively	
breastfed at the age 
of 0-5 months 

UNICEF 
(2011a); 
(UNICEF 2003, 
2004, 2006)

Reliability rank 2002-2008: B
Reliability rank: 1995-2001: C
The different reference point (4 versus 6 months of age) 
does	not	erode	the	reliability	of	the	exclusive	breastfeeding	
rate in 1995-2001. Demographic and health surveys 
(DHS) form the basis of the data: Since the mid-1990s, the 
Multiple Indicator Cluster Survey (MICS) has enabled many 
countries to produce statistically sound and internationally 
comparable estimates of a range of indicators. For 2009 
time-point UNICEF-data is based equally on DHS and the 
MICS data. 

Fertility rate Average of births 
per woman

UN DESA 
(2009), through 
UNDP (2009)

Reliability rank: A
UN DESA (2009) World Population Prospects. The 2008 
Revision	is	the	twenty	first	round	(since	1951)	of	global	
demographic estimates and projections undertaken by the 
Population Division, the Department of Economic and Social 
Affairs of the United Nations Secretariat.
The Statistics Division helps the Population Division in 
forming sound global demographic data.

Contraceptive 
prevalence

Per cent of married 
women 15-49 
currently using 
any method of 
contraception 
(CON)

UN (2013) Reliability rank: B
UN	(2013)	provides	official	site	for	millennium	development	
goals	indicators.	It	provides	the	data	and	definition	for	
the contraceptive prevalence rate: percentage of married 
women 15-49 currently using any method of contraception 
(CON).
The United Nations Population Division database for 
contraceptive prevalence is based on data acquired from 
nationally representative household surveys. These are 
often part of international survey programs (Alkema et 
al. 2013). The Demographic and Health Surveys and 
the Multiple Indicator Cluster Surveys are such survey 
programmes and the two most commonly used sources for 
2000.
The UN lists three types of limitations regarding global 
data on contraceptive prevalence. First, the survey design 
and implementation can affect the comparability of data 
over time and between countries. Second, differences in 
the	characteristics	(age,	sex,	marital	or	union	status)	of	the	
persons for whom contraceptive prevalence is measured 
can also affect the comparability of data. Third, the time 
frame used to assess contraceptive prevalence can also 
vary. Often it is left to the respondent to determine what is 
meant by “currently using” a method of contraception. (UN 
DESA 2012). 
Alkema et al. (2013) reviewed the comparisons of national, 
regional and global contraception prevalence rates from 
1990-2010. The review concerns the data that was used 
here. 
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II	 Appendix.	Instability	behind	Excluding	Countries

Steve Carlton-Ford & Danielle Boop (2010) in a study of 175 countries (data from 1985–
1998) show how civil war has a negative impact on life resources such as economy, food 
production and education. Their results prove that civil war also increases child mortality. 
Ghobarah, Huth and Russett  (2003) conclude that in 1999, the indirect effects (on death 
and disability) of civil wars from 1991–1997 were approximately equal to the direct effects 
caused from all wars in 1999. The indirect impact includes specific diseases and conditions 
that disproportionately affect women and children.

However, the relationship between conflict and the infant mortality rate is not simple. 
The general tendency of declining child mortality has even sustained, with few exceptions, 
during conflicts but a major war has often slowed the speed of the declining child mortality 
(Human Security Report 2011, 114–115).

This study evaluates all major conflicts since the 1990’s to estimate the level of their 
devastation and their possibility to cause skew to infant mortality rates. This work screens 
out the possible effect of war on infant mortality by excluding those countries that have 
had conflicts with a death toll of over 2 per cent of the population (UN DESA 2011). 
Milton Leitenberg (2006) has produced a reliable source on Deaths in Wars and Conflicts 
in the 20th Century. Another source for this analysis is the internet database Necrometrics 
collected and updated by Matthew White (2011). This database offers death tolls on war 
and other multicides. There is information from at least three sources to verify the death 
toll levels for each case.

The study excludes the following ten countries on the basis of their conflict-related 
death toll in a war that was on-going in 1990–2010, which might have influenced infant 
mortality. East Timor, Afghanistan, Liberia, Sudan, Democratic Republic of the Congo, 
Somalia, Angola, Burundi, Iraq, and Sierra Leone. The numerical evidence on the death 
toll of wars comes next.
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Table	9.1.	Major	Conflicts	by	War-Related	Death	Toll

Country / Conflict type / 
Period

Deaths caused by war Source Deaths / Population at the 
beginning of the conflict (UN 
DESA 2011). Notions.

East Timor/ Indonesian 
Occupation of East Timor / 
1975–1999 / 

200 000

133-134 000 

150 000

White 2011

Leitenberg 2006

Taylor 1999

150 000 / 663 000 =
22.6 per cent

Afghanistan / Afghan civil 
war / 1978-present

War in Afghanistan / 2001– 
present

1800	000	+	45	600

2 million 

3 million

White 2011, during 1978-
2001,	+	for	the	period	of	
2001-present

Leitenberg 2006, until 2000

Wikipedia 2012 War in 
Afghanistan

2 million / 14.180 million =
14.1 per cent

Liberia / Civil War / 
1989–1995

Second Liberian civil war / 
1999–2003

100 000

>200 000 

270 000 

250 000 

Leitenberg 2006, for 
1989–1995 
Armon & Carl 1996, (until 
2000)

IMF 2008, 14 

White 2011 

250 000 / 2.159 million =
11.6 per cent

Sudan / Second Sudanese 
Civil War / 1983–2005

War in Darfur / 2003–2010

1900 000

2 010 000 (until 2000)

500 000-1500 000

White 2011, the median 
of the seven estimations 
dated between 1998 and 
2004.

Leitenberg 2006 

Jackson 2006, 18: 

1.9 million / 22.180 million =
8.6 per cent

Democratic Republic of 
the Congo / Civil war / 
1996–2000

Second Congo War 
i.e. Africa’s Great War / 
1998–2004

>3.7 million

3.9 million 

3.8 million

Jackson 2006, 18

Coghlan et al. 2006

White 2011

3.8 million / 45.295 million =
8.4 per cent 

Somalia / Somali Civil War / 
1991–present

500 000

350 000–1 000 000

300 000-400 000

White 2011

Globalsecurity 2012 

Jackson 2006, 18

500 000 /6.585 million =
7.6 per cent
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Angola/ Angolan Civil 
War/1975–2002

1.1 million (until 2000) 

500 000

500 000

Leitenberg 2006 

White 2011

Hurst 2012

500 000 / 6.637 million =
7.5 per cent

Burundi / Civil war / 
1993–2005

260 000

300 000

350 000

White 2011

Lemarchand 2006

Southall 2006, 21 

300 000 / 5.933 million =
5.1 per cent

Iraq/ Iraq War / 2003–2011 600 000 

171 000

500 000

Burnham et al. 2006 (solid 
evidence)

White 2011

Hagopian et al. 2013

600 000 / 25.195 million =
2.4 per cent

Iraq	is	excluded	due	to	its	large-
scale war during the time-period 
of interest.

Sierra Leone / Civil war / 
1991-2001

50 000 

50 000 

75 000

75 000

Leitenberg 2006, by the 
end of 1999.

Gberie 2005, 6

White 2011

Baker & May 2006, 228

75 000 / 3.995 million =
1.9 per cent

The totality of the civil war leads 
to	the	exclusion	of	Sierra	Leone	
although the death toll does 
not	quite	exceed	the	2	per	cent	
threshold (see how the economy 
and infrastructure was largely 
destroyed Lord 2000, 14 and 
Gberie 2005, 5-6).
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III	 Appendix.	HIV-Rate	among	Young	Women

There is extensive variation within the HIV-rates of children between countries. Globally, 
34.0 million people were living with HIV at the end of 2011. 0.8 per cent of the world’s 
population aged 15–49 live with HIV, but in Sub-Saharan Africa the rate is the highest: 
nearly 1 in every 20 adults (4.9 per cent). Over 90 per cent of the HIV infected children 
in the world live there. “In 2011, 330,000 children acquired HIV infection (a 43 per cent 
decline since 2003 when 560,000 children became newly infected and a 24 per cent drop 
since 2009).” (UNAIDS 2012, 8, 42). As HIV/AIDS is a severe risk to infant survival, one 
criterion to secure the homogeneity of information used in this study was to screen out 
those countries that have a rate considered too high to be included in the study. 

The report aptly describes the situation. “The scaling up of antiretroviral therapy 
(ART) in low- and middle-income countries has transformed national AIDS responses 
and generated broad-based health gains. Since 1995, ART has saved 14 million life-years in 
low- and middle income countries, including 9 million in sub-Saharan Africa.” (UNAIDS 
2012, 12). The benefit of ART is that it reduces the mother to child transmission of HIV. 
From 2009 to 2011, antiretroviral prophylaxis prevented 409,000 children from acquiring 
HIV infection in low- and middle-income countries.” (UNAIDS 2012, 43).

Pregnancy related care leads many women with HIV to receive ART, which is a great 
benefit for the fetus and the future new-born. The amount “of women living with HIV and 
infants provided with prophylaxis during breastfeeding has increased since 2009”. Despite 
this, the Central and Western Africa’s sub-region had mother-to-child HIV transmission 
rates close to 30 per cent because of low service attention. (UNAIDS 2012, 44–47). 

Marie-Louise Newell et al. (2004a) estimated that mother-to-child transmission of HIV 
ranges from 15 to 45 per cent, with up to almost a half (15–20 percentage point) resulting 
from breastfeeding. UNICEF (2012a) Child Info estimates a smaller, 5–20 percentage 
point infection rate through breastfeeding (in addition to 5–10 percentage points during 
pregnancy, 10–20 percentage points during labor and delivery). 

Marie-Louise Newell et al. (2004b) provided estimations on how HIV-infection 
influences infant and child mortality in Africa. Their result is based on seven clinical trials 
undertaken in sub-Saharan Africa. Their result showed that by the age of 1, 35.2 per cent 
infected and 4.9 per cent uninfected children will have died.

Any examination on HIV’s effect on infant mortality should consider the following 
factors: young female HIV/AIDS rate, mother-to-child transmission rate, and average 
additional risks of infant mortality caused by HIV. 

As pregnancy and breastfeeding play a central role in whether an infant is infected 
with HIV, the HIV and AIDS rates of young women (15-24 years) work as a criterion in 
excluding highly epidemic countries. The following nine countries are excluded for crossing 
the 5 per cent threshold of young women’s HIV/AIDS rates. Swaziland (15.6 per cent), 
Lesotho (14.2 per cent), South Africa (13.6 per cent), Ethiopia (7–12 per cent), Zambia (8.9 
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per cent), Mozambique (8.6 per cent), Zimbabwe (6.9 per cent), Malawi (6.8 per cent), and 
Namibia (5.8 per cent) (UNAIDS 2010).

If child and mother health services including ART, continue to improve infant health in 
the fast pace that has been taking place since 2009, future aggregate level studies on infant 
survival do not need to pay special attention to the HIV-rate. As long as HIV remains 
serious public health concern, it needs to be considered in country level regression studies 
on infant survival. 
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IV	 Appendix.	Data	Corrections
Variable Country Correction
Women’s secondary schooling 2000

Bosnia and Herzegovina b
Thailand 2001
China 2001
Suriname 2001
Sri Lanka 2002
Algeria 2002
Philippines 1999
Turkmenistan a
Honduras b
Cape Verde 2001
Pakistan 2003
Madagascar d
Papua New Guinea 1998
Haiti e
Tanzania f
Gambia g

Men’s secondary schooling 2000
Bosnia and Herzegovina b
Thailand 2001
China 2001
Suriname 2001
Sri Lanka 2002
Algeria 2002
Philippines 1999
Turkmenistan a
Honduras b
Cape Verde 2001
Pakistan 2003
Madagascar d
Papua New Guinea 1998
Haiti e
Tanzania f
Gambia g

Women’s secondary schooling 2009
Brazil 2008
Azerbaijan 2007
Georgia 2008
Jordan 2008
Turkmenistan a
Honduras h
Vietnam 2008
Guatemala h
Nicaragua h
Morocco 2007
Lao People’s Republic 2008
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India 2008
Solomon Islands 2007
Congo 2004
Cambodia h
Comoros 2004
Yemen h
Papua New Guinea b
Haiti i
Tanzania f
Cameroon g
Togo 2007
Benin 2005
Senegal h
Gambia b
Guinea-Bissau j
Central African Republic b

Men’s secondary schooling 2009
Brazil 2008
Azerbaijan 2007
Georgia 2008
Jordan 2008
Turkmenistan a
Honduras h
Vietnam 2008
Guatemala h
Nicaragua h
Morocco 2007
Lao People’s Republic 2008
India 2008
Solomon Islands 2007
Congo 2004
Cambodia h
Comoros 2004
Yemen h
Papua New Guinea b
Haiti k
Tanzania f
Cameroon g
Togo 2007
Benin 2005
Senegal h
Gambia b
Guinea-Bissau j
Central African Republic b

GDP level 2000
Bosnia and Herzegovina 2001
Occ. Palestinian Territories r
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Income Poverty 2000-2007
Cuba l
Fiji a
Occ. Palestinian Territories a
Indonesia b, m
Solomon Islands a
Myanmar a
Eritrea a

Living Standard Deprivation 2000-
2008

Cuba n
Jamaica a
Algeria a
El Salvador a
Fiji a
Turkmenistan a
Cape Verde a
Bhutan a
Solomon Islands a
Papua New Guinea a
Uganda a
Eritrea a
Guinea-Bissau a

Fertility 1995-2000
Bosnia and Herzegovina o
Occ. Palestinian Territories b

Exclusive Breastfeeding 1995-2001
Brazil c, 2002
Bosnia and Herzegovina b
Ecuador c
Ukraine 2002
Thailand c
Georgia c
China c
Tunisia c
Jamaica b
Paraguay c
Sri Lanka c
Syrian Arab Republic b
Syrian Arab Republic b
Fiji c
Occ. Palestinian Territories c
Honduras c
Guyana 2002
Vietnam c
Moldova a
Cape Verde c
Morocco c
Bhutan a
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India c
Solomon Islands 2002
Congo c
Pakistan c
Mauritania c
Djibouti b
Senegal c

Exclusive Breastfeeding 2002-2008
Macedonia b
Bhutan a

Improved sanitation 2008
Fiji a
Solomon Islands a

Pneumonia Care 2000–2008
Cuba a
Ecuador a
Ukraine a
China a
Paraguay 1990
Fiji a
Occ. Palestinian Territories 2000
Bhutan a
Comoros 2000
Rwanda a

Diarrhea Care 2000–2008
Cuba a
Brazil a
Ecuador a
Ukraine a
China a
Paraguay a
Sri Lanka a
El Salvador a
Fiji a
Occ. Palestinian Territories a
Uzbekistan 2000
Cape Verde a
Guatemala a
Nicaragua 2001
Bhutan a
Solomon Islands a
Comoros 2000
Papua New Guinea a

Skilled birth assistance 1995-2001
Occ. Palestinian Territories b
Congo b
Myanmar b
Djibouti b
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Skilled birth assistance 2003-2009
Djibouti p

Measles immunization 1997-1999
Brazil a
Occ. Palestinian Territories b

Measles immunization 2009
Brazil a

Contraceptive prevalence 2000
Macedonia a
Brazil Mean of 1996&2006
Ecuador 1999
Thailand 2001
China 2001
Jamaica 1997
Paraguay 1998
El Salvador 1998
Syrian Arab Republic 2001
Fiji a
Honduras 1999
Kyrgyzstan 1997
Cape Verde 1998
Guatemala 1999
Nicaragua 2001
Morocco 1998
Solomon Islands a
Congo 2005
Myanmar 2001
Yemen Mean of 1997 & 2003
Pakistan Mean of 1999 & 2001
Kenya 1998
Papua New Guinea r
Tanzania 1999
Ghana 1999
Mauritania 2001
Djibouti 2001
Uganda 2001
Nigeria 1999
Benin 2001
Côte d’Ivoire 1999
Eritrea 2002
Guinea 1999
Burkina Faso 1999
Mali 2001
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a. Regional mean.
b. Regional mean change.
c. Different criteria applied: 4 month instead of 6 month.
d. Researcher’s estimation: 2 year average annual increase between 1998 & 2005 added to 1998 value.
e. Estimate is based on average change in women’s or men’s gross secondary enrollment rate in Latin American & the 

Caribbean between 2000 and 2005-2009 data.
f. UNESCO information no longer available online on 29 Feb 2012.
g. Mean of 1999 & 2001.
h. Mean of 2008 & 2010.
i. The gross rate is formed by multiplying 1.19 (regional average ratio between gross & net rates in 2009) the secondary 

attendance rate that closely equals the net rate. The regional mean estimate is not used. Haiti has a secondary school 
net attendance rate of 21 per cent when the regional mean for the gross rate was 75 per cent.

j. Gendered info on net enrollment ratio combined with total gross enrollment ratio.
k. The gross rate is formed by multiplying 1.17 (regional average ratio between gross & net rates in 2009) the secondary 

school net attendance rate that closely equals the net rate. The regional mean estimate is not used. Haiti has a 
secondary school net attendance rate of 18 per cent when the regional mean for the gross rate is 70 per cent.

l. Cuba’s GDP per capita is 6876 ($18.8/day on average). In an openly socialistic country we may assume no more than 2 
per cent are below the $2/day line. The Latin American & Caribbean average of this data i.e. 24.0 per cent is not a valid 
estimate here.

m. Regional mean change from 1983-2000 values.
n. The Latin American & Caribbean mean (27.1 per cent) not used. 
o. Mean of 1990-1995 and 2000-2005.
p.	 Used	CountdownTo2015	data	Djibouti	profile,	MICS	2006	rate	93	per	cent	doubtful.
r. 4 year average annual increase between 1996 & 2006 added to 1996 value.
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V	 Appendix.	Terminology	and	Additional	Information

Terminology on Pneumonia

“Acute respiratory infection (ARI): This includes any infection of the upper or 
lower respiratory system, as defined by the International Classification of Diseases. 
Acute lower respiratory infections (ALRI) affect the airways below the epiglottis 
and include severe infections, such as pneumonia. 

Pneumonia: Pneumonia is a severe form of acute lower respiratory infection that 
specifically affects the lungs, and accounts for a significant proportion of the ALRI 
disease burden. 

Suspected pneumonia: Since radiography and laboratory tests are largely 
unavailable in poor areas, childhood pneumonia is diagnosed by its clinical 
symptoms – coughing, and fast or difficult breathing that is chest related (not due 
to a blocked nose). Therefore, the term ‹suspected pneumonia› better describes a 
large proportion of children diagnosed with pneumonia in developing countries. 
In addition, data collected through national household surveys, such as Multiple 
Indicator Cluster Surveys (MICS) and Demographic and Health Surveys (DHS), 
report pneumonia prevalence based on information regarding whether children 
have experienced coughing and fast or difficult breathing (due to a problem in 
the chest) in the two weeks prior to the survey, and thus have not necessarily been 
diagnosed by a health professional.” (UNICEF 2012b)

26 countries out of 73 use the ARI-method, which includes a broader group of respiratory 
infections in addition to pneumonia. The countries using the ARI-definition receive a 
mean ranking of 43 out of 80 countries on the human development list, so there is no 
first-hand distributive skew between groups using different definition. The group using 
the broader ARI-method had a pneumonia care rate 50.6 (N=26; st.dev. 14.0) and the 
group with the narrower pneumonia definition had the care rate 59.6 (N=47; st.dev. 16.8). 
The difference may be partly due to regional differences as the group using ARI-method 
includes e.g. mostly Latin American countries. Independent samples t-test provides a non-
significant difference, if a p-value <0.01 is required, between these groups (t-value -2.326, 
p-value 0.023). As a conclusion, these two ways of counting the pneumonia care rate can be 
adequately applied as consistent data for the variable called case management.
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Composite	Coverage	Index	on	Maternal	and	Child	Health	Services
Health indicator Code Dataset used Definition
Family planning 
needs	satisfied

FPS Individual woman recode Proportion of all women 15-49 using 
contraception among those who 
are fecund, in union and in need of 
contraception.

Skilled attendant 
at delivery

SBA Birth recode Proportion of live births attended 
by skilled health personnel (doctor, 
nurse,	midwife	or	auxiliary	midwife).

Antenatal care 
(1+	visits,	skilled	
provider)

ANCS Birth recode Proportion of women attended at 
least once during pregnancy by 
skilled health personnel for reasons 
related to the pregnancy in the X 
years prior to the survey.

BCG vaccine BCG Birth recode Proportion of children aged 12-23 
months who received 1 dose of BCG 
vaccine.

DTP3 vaccine DTP3 Birth recode Proportion of children aged 12-23 
months who received 3 doses of 
DPT (diphtheria/pertussis/tetanus) 
vaccine.

Measles vaccine MSL Birth recode Percentage of children aged 12-23 
months who are immunized against 
measles.

ORT and 
continued feeding

ORT Birth recode Proportion of children aged 0–59 
months with diarrhea receiving oral 
rehydration and continued feeding.

Care seeking for 
pneumonia

CPM Birth recode Proportion of children aged 0–59 
months with suspected pneumonia 
taken to an appropriate health 
provider.

Composite 
coverage	index	
(CCI)

CCI=1/4[FSP+(SBA+ANCS)/2+(2DTP3+MSL+BCG)/4+(ORT+CPNM)/2]
Weighted average of the coverage of eight interventions selected from four areas (family planning, 
maternity	care,	child	immunization	and	case	management).	The	Composite	coverage	index	is	
calculated	as:	FPS	is		family	planning	needs	satisfied,	SBA	is	skilled	birth	attendant,	ANCS	is	at	
least one antenatal care visit with skilled provider, DTP3 is three doses of DTP, MSL is measles 
immunization, BCG is BCG immunization, ORT is oral rehydration therapy plus continued feeding for 
children with diarrhea and CPNM is care-seeking for suspected pneumonia

Source: Barros et al. 2012.
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Measuring Infant Mortality Rates in Less Developed Countries

Anthopolos and Becker (2010, 467–468) describe comprehensively the weaknesses of the 
infant mortality rate (IMR) practices in less developed countries: 

“IMRs (and in particular perinatal mortality) can be underestimated dramatically, 
depending on a particular country’s live birth criterion, vital registration system, 
and reporting practices. (…) The underlying problem is that vital statistics data do 
not provide universal coverage. Nor are errors random: they tend to be larger in poor 
and less urbanized nations. The problem is particularly acute in terms of measuring 
deaths during the first day of life. (…) The case of infant mortality, unreported 
deaths relative to reported deaths are likely to exceed unreported births relative to 
all births, at least in developing countries, leading to a systematic downward bias 
in infant mortality statistics. (…) Unreported deaths are especially likely when the 
infant lives only a very short period, so that no registration has occurred. Indeed, 
midwives may announce to the mother and family that a stillbirth occurred, rather 
than a live birth followed shortly by death, regarding this report as an act of mercy 
to a grieving family. It seems plausible that unreported death will be more likely for 
births outside of hospitals both because risks are higher and reporting systems are 
weaker. Non-hospital births are more common in poorer countries and rural areas, 
and there is evidence of dramatic rural underreporting in some countries.”

Malaria from the Perspective of Infant Survival

The WHO’s World Malaria Report (WHO 2013, xiii) estimates 207 million cases of 
malaria worldwide in 2012. 80 per cent (over 160 million) of those occur in sub-Saharan 
Africa, where 900 million people live (UN DESA 2014). 

Globally malaria causes 11.8 per cent of the infant deaths between 28–364 days. 
Malaria is not listed as a significant cause of death among the neonatal mortality which 
forms a great share of the infant mortality total (around 57 per cent) ((Lozano et al. 2012, 
2111; UNICEF 2012a). This means that malaria directly causes around 5–6 per cent of the 
global infant deaths. Furthermore, this study includes several countries where the malaria 
prevalence is high.

Helen Guyatt and Robert Snowa (2001) estimate that one in four pregnant women 
in malaria-endemic areas of Sub-Saharan Africa have a placental malarial infection. This 
lead to an estimation of 5.7 per cent of infant deaths being indirectly caused by malaria in 
pregnancy. If a mother has an infected placenta at the time of delivery, the baby is twice 
as likely to be born of low birthweight. The probability of premature mortality of African 
infants is 3 times higher in babies of low birthweight than in those of normal birthweight.
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VI	 Appendix.	Descriptive	Statistics
Variable and time (N=80) Minimum Maximum Mean Std. 

Deviation
Infant mortality 2000 7 115 54.0 29.2
Infant mortality 2010 5 106 41.2 25.9
Infant mortality (ln) 2010 1.61 4.66 3.50 0.69
Women’s secondary schooling 2000 5 110 49.3 30.1
Women’s secondary schooling 2009 9 106 61.0 28.7
Men’s secondary schooling 2009 15 104 63.6 23.6
Women’s years of schooling 2010 1.2 11.0 6.4 2.6
Gender parity secondary schooling (women/men) 2000 0.29 1.25 0.88 0.22
Gender parity secondary schooling (women/men) 2009 0.40 1.24 0.92 0.18
Fertility rate 1995-2000 1.3 8.0 4.2 1.7
Fertility rate 2005-2010 1.2 7.1 3.4 1.4
Contraceptive prevalence 2000 6.2 86.9 42.7 22.2
GDP 2000 523 7625 2687 1665
GDP 2007 477 9567 3555 2504
Income poverty 2000-2007 2.0 96.6 45.7 27.0
Living standard deprivation 2000-2008 (N=79) 0 95 41.0 32.2
Exclusive	breastfeeding	1995-2001 1 84 28.2 19.2
Exclusive	breastfeeding	2002-2008 1 88 33.4 20.0
Case management 2000-2008 19.5 74.0 49.2 10.3
Measles immunization 1995-2001 19 100 74.1 20.7
Measles immunization 2009 23 99 83.1 15.6
Skilled birth assistance 1995-2001 11 100 61.8 27.7
Skilled birth assistance 2003-2009 14 100 70.8 25.5
Child	health	services	index	2000-2009 18.8 88.3 67.7 14.4
Child	health	services	short	index	1995-2001 20.5 99 68.0 21.5
Child	health	services	short	index	2003-2009 18.5 99.5 76.9 18.5
Urbanization rate 2010 12.5 86.5 46.0 18.2
Improved sanitation 2008 9 100 59.4 29.0

See	more	details:	Table	4.2,	Table	4.4,	Table	4.5,	Table	4.7,	and	Appendix	VII.



146 Mikko Perkiö

VII	 Appendix.	Distribution	of	Main	Variables

Sources: see Table 4.4 and Table 4.5..
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Sources: see Table 4.4 and Table 4.5..
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Sources: see Table 4.4 and Table 4.5..
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Sources: see Table 4.4 and Table 4.5..
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VIII	 Appendix.	Pearson	Correlation	between	Main	Variables
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Correlation and Partial Correlation for Women’s Secondary Schooling with the Focal 
Variables of the Study (Pearson Correlation N=80; Partial Correlation Df=77)

Dependent variable Independent 
variable

Pearson correlation Control variable Partial Correlation

Infant mortality Women’s secondary 
schooling rate

-.791
p<0.001

Men’s secondary 
schooling rate

-.476
p<0.001

Fertility rate Women’s secondary 
schooling rate

-.812
p<0.001

Men’s secondary 
schooling rate

-.415
p<0.001

Case management Women’s secondary 
schooling rate

.490
p<0.001

Men’s secondary 
schooling rate

.407
p<0.001

Income poverty Women’s secondary 
schooling rate

-.742
p<0.001

Men’s secondary 
schooling rate

-.273
p=0.015

Exclusive	
breastfeeding

Women’s secondary 
schooling rate

-.033
p=0.770

Men’s secondary 
schooling rate

.047
p=0.680

Sources: Table 4.4.

Correlation and Partial Correlation for Men’s Secondary Schooling with the Focal 
Variables of the Study (Pearson Correlation N=80; Partial Correlation Df=77)

Dependent variable Independent 
variable

Pearson 
correlation

Control variable Partial Correlation

Infant mortality Men’s secondary 
schooling rate

-.732
p<0.001

Women’s secondary 
schooling rate

.196
p=0.084

Fertility rate Men’s secondary 
schooling rate

-.770
p<0.001

Women’s secondary 
schooling rate

.090
p=0.430

Case management Men’s secondary 
schooling rate

.406
p<0.001

Women’s secondary 
schooling rate

-.288
p=0.010

Income poverty Men’s secondary 
schooling rate

-.717
p<0.001

Women’s secondary 
schooling rate

.009
p=0.941

Exclusive	breastfeeding Men’s secondary 
schooling rate

-.047
p=0.677

Women’s secondary 
schooling rate

-.058
p=0.612

Sources: Table 4.4.

Correlation and Partial Correlation for Income Poverty and GDP Level 
(Pearson Correlation N=80; Partial Correlation Df=77)

Dependent variable Independent variable Pearson correlation Control variable Partial Correlation

Income poverty GDP level
-0.814

p<0.001

Infant mortality Income poverty 
.785

p<0.001
GDP level

.447
p<0.001

Infant mortality GDP level
-.756

p<0.001
Income poverty

-.324
p=0.004

Sources: Table 4.4.
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IX	 Appendix.	Supplementary	Regression	Models

Table 9.2. Ordinary Least Squares Model of Infant Mortality on Women’s Education and Women’s 
Autonomy

Model 1.1 Model 1.2 Model 1.3 Model 1.4 Model 1.5 Model 1.6
Women’s 
secondary 
schooling 

-.019***
-.789

-(11.29)

-.008*
-.334

(-2.45)

-.011***
-.446

(-3.94)

-.004
-.159

(-1.09)

-.006*
-.253
(-1.99)

-.009**
-.364
(-3.01)

Women’s 
autonomy

Gender 
parity in 
secondary 
school

-.636
-.164

(-1.46)

-.508
-.131

(-1.21)

Fertility 
rate

.189***
0.393
(3.46)

.202***
0.419
(3.70)

.128*
0.265
(2.23)

.130*
0.268
(2.32)

Contra-
ceptive 
prevalence

-.011**
-0.359
(-2.74)

-.012**
-0.375
(-2.89)

-.016***
-0.500
(-4.13)

Constant 4.667***
(40.83)

3.925***
(8.48)

3.465***
(10.14)

4.236***
(9.24)

3.93***
(11.27)

4.70***
(45.95)

R² .618 .677 .672 .703 .703 .686

***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coefficient,	
standardized coefficient in bold and italics, and t-scores in parentheses.
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Table 9.3. Ordinary Least Squares Model of Infant Mortality on Women’s Education and Material 
Conditions

Model 2.1 Model 2.2 Model 2.3 Model 2.4 Model 2.5
Women’s 
secondary 
schooling

-.019***
-.789

(-11.29)

-.012***
-.512

(-5.47)

-.011***
-.497

(-5.49)

-.013***
-.547

(-5.08)

-.009***
-.409

(-3.83)

Material 
conditions

GDP-level .000***
-.379

(-4.05)

4.869E-005
-.184

(-1.68)
Income 
poverty

.010***
.412

(4.60)

.007*
.264

(2.13)
Living 
standard 
deprivation 

.007**
.319

(2.96)

.002

.079
(0.66)

Constant 4.667***
(40.83)

4.630***
(44.21)

3.751***
(17.17)

4.025***
(17.24)

3.904***
(14.08)

R² .618 .682 .710 .669 .716

***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coeffi-
cient, standardized coefficient in bold and italics, and t-scores in parentheses.
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Table 9.4. Ordinary Least Squares Model of Infant Mortality on Women’s Education and Child Health 
Practices

Model 3.1 Model 3.2 Model 3.3 Model 3.4
Women’s secondary 
schooling 

-.019***
-.789
(-11.29)

-.018***
-.793
(-11.47)

-.015***
-.615
(-8.97)

-.015***
-.623
(-9.09)

Child health 
practices

Exclusive	breastfeeding -.004
-.118
(-1.71)

-.003
-.081
(-1.34)

Case management -.024***
-.363
(-5.28)

-.024***
-.351
(-5.11)

Constant 4.667***
(40.83)

4.807***
(34.49)

5.606***
(27.58)

5.67***
(27.25)

R² .618 .628 .717 .720

***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coefficient,	
standardized coefficient in bold and italics, and t-scores in parentheses.

Table 9.5. Ordinary Least Squares Model of Infant Mortality on Women’s Education and Child Health 
Services

Model 4.1 Model 4.2 Model 4.3
Women’s secondary 
schooling

-.019***
-.789
(-11.29)

-.009**
-.367
(-3.00)

Child health 
services

Child	health	services	index	 -.039***
-.807
(-12.06)

-.024***
-.496
(-4.07)

Constant 4.667***
(40.83)

6.111***
(27.64)

5.682***
(21.01)

R² .618 0.646 .682

***p<0.001,	**p<0.01,	*p<0.05	(two-tailed	test).	All	constants	have	p<0.001.	Each	cell	contains	the	unstandardized	coefficient,	
standardized coefficient in bold and italics, and t-scores in parentheses.
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XI	 Appendix.	Construction	of	Path	Model	for	the	Relationship	
between Women’s Education and Infant Survival

Figure 9.1. SEM1. Fertility as Mediator
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Figure	9.2.	SEM2.	Infant	Mortality	Influencing	Fertility
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Figure 9.3. SEM3. Breastfeeding as Complementary Variable
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Figure 9.4. SEM4. Case Management as Mediator
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Figure 9.5. SEM5. Child Health Services as Mediator
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XII	 Appendix.	Supplementary	Path	Models

Figure	9.6.	SEM8.	GDP	as	Contextual	Variable
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Figure 9.7. SEM9. Sanitation as Complementary Variable
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Figure 9.8. SEM10. Urbanization as Complementary Variable
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Figure 9.9. SEM11. Urbanization as Service Provision
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Figure 9.10. SEM12. Societal Dynamics in 2000 on Infant Mortality in 2010
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Figure 9.11. SEM13. Societal Dynamics in 2009 on Infant Mortality in 2010


