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ABSTRACT 

Socio-economic and demographic determinants of under-five child mortality in Ethiopia 

Ashagrie Sharew 

Addis Ababa University, 2013 

Under-five chi ld mortality level can be used for strategic and national planning as we ll as 

a measure of socio-economic indicators like the quality of health care, nutrition, family 

planning, practice and usage. The story of child survival over the past two decades is one 

of significant progress and unfinished business. In Ethiopia a significant reduction of 

under-five child mortality was observed in the last decade though there is much to do to 

achieve the desire goal. This study aimed to identity the important socio-economic and 

demographic determinants of under-five child mortality using EDl-fS 20 II data. 

Descl'iptive analysis, cross-tabulation analysis, logistic regression analysis and multilevel 

regression analysis were used for data analysis. It was found that 7.24 % of under-five 

children could not survive among chi ldren born within five years . Months of breast 

feeding, mothers' educational level and total children everborn were important factors 

that affect under-five child mortality. Similarly birth order number of 4-6 and 7-9, 

number of household members of 6-10 and 11-15 significantly affected under-five 

mortality. The regions Afar, Amhara, Oromia, Benishangul-Gumuz, SNNP and Gambela 

were affected most. Children born to mothers of age group 15-19 and 20-24 years were 

significant ly affected based on logistic regression model analysis. The same is true for 

multilevel regression except that region was a significant random effect. It is 

recommended that mothers should breast feed their chi ldren for at least 6 months; 

females education enrolment should increase; mothers should give small number of 

births; mothers should not give birth in their early age; and regions should be considered 

while formulating policy to reduce under-five chi ld mortality. 
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CHAPTER ONE 

1. Introduction 

1.1 Background of the study 

Ethiopia is the tenth largest country in Africa, covermg I , I 04,300 square kilometers 

(with 1.1 million sq km land area and 104,300 sq km water) and is the major constituent 

of the landmass known as the Horn of Africa. It is bordered on the north-northeast by 

Eritrea, on the east by Djibouti and Somalia, on the south by Kenya, and on the west­

southwest by South Sudan and Sudan. Its geographical coordinates are between 800 N 

and 3800 E. Ethiopia is a country with great geographical diversity ranging from peaks 

up to 4,550m above sea level down to depression of 110m below sea level .More than 

hal f of the country lies above 1,500 meters. The predominant climate type is tropical 

monsoon, with three broad climatic variations: the "Ko II a", or hot lowlands, below 

approximately 1,500 meters, the "Wayna Degas" at 1,500- 2,400 meters and the "Dega" 

or cool temperate highlands above 2,400 meters. (MEOH, 20 10). 

Projections from the 2007 population and housing census estimate a total population in 

20 I 0 of 79.8 million which makes Ethiopia the second most populous country in Africa 

next to Nigeria (MEOH, 2010). 

Accord ing to the 2007 census, it is one of the least urbanized countries in the world with 

about 83.33% of the population living in rural areas (only 16.67% urban). The largest city 

in the country is the capital, Addis Ababa, with 2.7 million people (about 4% of the total 
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population). Nationally, the average household size is 4.7 persons (HSDP IV, 2010/ 11 -

20 14/ 15) 

The population age pyramid has remained predominately young: 44% are under 15 years, 

over hal f (52%) are between 15 to 65 years, and only 4% of all persons are over the age 

of 65 years. The sex ratio between male and female is almost equal, and women in the 

reproductive ages constitute 24% of the population. While the average lifetime ferti lity 

has declined in the past 15 years from a 1990 level of 6.4 births per woman down to 5.4 

births (DHS 2005), rural women still have an average of three more births per woman 

compared to women in urban areas. Overall , even with the ferti li ty decline, the 

population is still growing at an annual rate of2.6% where the World has benchmarked a 

population growth rate of 2% per year as a level beyond which it is difficult for a 

country's institutions and teclmologies to keep up with expanding population pressure on 

all sectors. In Ethiopia, the lowest rate of population growth is in the Amhara region, 

which, at 1.7%, is lower than population replacement (MEOH, 2010). 

Under the 1994 constitution, Ethiopia is a Federal Democratic Republic with nme 

regional States : Tigray, Afar, Amhara, Benishangul-Gumuz, Gambela, Harari, Oromia, 

Somali, and Southern Nations Nationalities and Peoples Region (SNNPR); and the City 

Administration counci ls of two cities: Dire Dawa and Addis Ababa. 

Despite major strides to improve the health of the population in the last one and hal f 

decades, Ethiopia 's population still face a high rate of morbidity and mortality and the 

health status remains re latively poor. Vital health indicators from the DHS 2005 show a 

life expectancy of 54 years (53.4 years for male and 55 .4 for female) , and an infant 
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mortality rate (IMR) of 7711 000. Under-five mortality rate has been reduced to lOi/lOOO 

in 2010. Although the rates have declined in the past 15 years, these are still very high 

levels. 

But according to United Nations conference on sustainable development (Rio+20) 

national report of Ethiopia; Infant mortality declined from 97 deaths in 2000 to 59 deaths 

per 1,000 live births in 2011 (UNICEF, 2012). Similarly, under-five mortality decreased 

from 166 deaths in 2000 to 88 deaths per 1,000 live births in 2011. 

Life expectancy at birth was declining in the 1980s, and dropped sharply from 52 years in 

1984 to 46.4 years in 1991, probably because of the HIY / AIDS pandemic, civil war and 

recurrent famine (Forum for the Environment, 2010.). It has improved over the last two 

decades, increasing from 46.4 years in 1991 to 59.3 in 2011 , according to the UNDP 

Human Development Report of 20 11 . 

The levels of mortality, especially child or under-fi ve child mot1ality refl ects the state of 

public health and hygiene, the environmental sanitation, cultural mores about feeding and 

clothing, socio-economic development, and above all , the people 's attitude towards the 

dignity and value of human life itself. (Bawah, 2001). 

Child mortality level can be used for strategic and national planning as well as a measure 

of socio-economic indicators like the quality of health care, nutrition, family planning, 

practice and usage. The level provides evidence of policies and practices which lead to 

the improvement health conditions (Cook et al.2009). 

Like GDP, infant and child mortality are fo remost indicators of population wellbeing. 
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Story of child survival over the past two decades IS one of significant progress and 

unfinished business. 

More children now survive their fifth birthday than ever before. The global number of 

under-five deaths has fallen from around 12 million in 1990 to an estimated 6.9 million in 

2011. All regions have shown steady reductions in under-five mortality over the past two 

decades. In the last decade alone, progress on reducing child deaths has accelerated, with 

the annual rate of decline in the global under-five mortality rate ri sing from 1.8% in 

1990-2000 to 3.2% in 2000-201 I (UNICEF, 2012). 

The gains have been broad, with marked fall s in diverse countries. Between 1990 and 

20 II , nine low-income countries: Bangladesh, Cambodia, Ethiopia, Liberia, Madagascar, 

Malawi, Nepal, Niger and Rwanda - re?uced their under-five mortali ty rate by 60% or 

more (UNICEF, 201 2). 

The advances to date stem directl y from the co llective commitment, energy and efforts of 

governments, donors, non-goverrunental organizations, UN agencies, scientists, 

practitioners, communities, families and individuals. Measles deaths have plummeted. 

Polio, though .stubbornly resistant thus far to elimination, has fallen to historically low 

levels. Routine immunization has increased almost everywhere. Among the most striking 

advances has been the progress in combating AIDS. Thanks to the application of new 

treatments, better prevention and sustained funding, rates of new HIY infections, and 

HIY-associated deaths among children have fa llen substantially (UNICEF, 20 12). 

4 



But any satisfaction at these gains is tempered by the unfinished business that remains. 

The fact remains that, on average, around 19,000 children still die every day from largely 

preventable causes. With necessary vaccines, adequate nutrition and basic medical and 

maternal care, most of these young lives could be saved (UNICEF, 20 12). 

Nor can we evade the great divides and disparities that persist among regions and within 

countries. The economically poorest regions, least developed countries, most fragi le 

nations, and most disadvantaged and marginalized populations continue to bear the 

heaviest burden of child deaths. More than fow·-fifths of all under-five deaths in 2011 

occwTed in sub-Sahara Africa and South Asia (UNICEF, 2012). 

In June 2012, the Governments of Ethiopia, India and the United States together with 

UNICEF brought together more than 700 partners from the public, private and civil 

society sectors for the Child Survival Call to Action. What emerged from the Call to 

Action was a rejuvenated global movement for chi ld survival, with partners pledging to 

work together across technical sectors with greater focus, energy and determination. 

Since June, more than 110 goverrunents have signed a pledge vowing to redouble effotts 

to accelerate declines in child mortality; 174 civil society organizations, 9 1 faith-based 

organizations, and 290 faith leaders from 52 countries have signed their own pledges of 

support UNICEF, 20 12). 

Reductions in under-five mortality rates, combined with declining fertility rates in many 

regions and countries, have diminished the burden (number) of under-fi ve deaths from 

nearly 12 million in 1990 to an estimated 6.9 million in 2011. About 14,000 fewer 

children die each day than did two decades ago. A testimony to the sustained efforts and 
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commitment to child survival by many, including governments and donors, non­

governmental organizations and agencies, the private sector, communities, families and 

individuals (UNICEF, 20 12). 

Mortality rates among children under 5 years of age fe ll globally by 41 % between 1990, 

the base year for the Millennium Development Goals (MDGs), and 20 11 , lowering the 

global rate from 87 deaths per 1,000 li ve births to 51. Importantly, the bulk of the 

progress in the past two decades has taken place since the MDGs were set in the year 

2000, with the global rate of decline in under-five mortality accelerating to 3.2% annually 

in 2000-2011 , compared with 1.8% for the 1990-2000 periods (UNICEF, 2012). 

Even as the global and regional rates of under-five mortality have fa llen, the burden of 

child deaths has become alarmingly concentrated in the world 's poorest regions and 

countries. A look at how the burden of under-five deaths is distributed among regions 

reveals an increasing concentration of mortality in sub-Saharan Africa and South Asia; in 

2011 , more than four-fifths of all global under-five deaths occurred in these two regions 

alone. Sub-Saharan Africa accounted fo r almost half (49%) of the global total in 2011 . 

Despite rapid gains in reducing under-five mortality, South Asia's share of global under­

five deaths remains second highest, at 33% in 2011. In contrast, the rest of the world 's 

regions have seen their share fa ll from 32% in 1990 to 18% two decades later. 

The highest regional rate of under-five mortality is found in sub- Saharan Africa, where, 

on average, I in 9 children die before age 5. (UNICEF, 20 12) 

6 



In 2000, the Ethiopian Demographic and Health Survey (EDHS) estimated the under five 

mortality (U5MR) at 166 per 1000 live births. The Ethiopian Ministry of health (MOH) 

estimated that the U5MR for 2002-2003 was 140. In 2000, the rate of 166 placed 

Ethiopia 2 1 SI in the world for under-five mortality. 

From 1960 to 2000 there has been an average 1.2% annual decrease m under-five 

mortality. 

According to the child health in Ethiopia (2004) report, among under- five deaths, 29% 

die in the first 30 days of life, 29% from the first to the 11th month and 42% from I to 4 

years of age. 

Based on UNICEF, 2012 report the U5MR declined from 19811000 in 1990 to 13911000 

in 2000 and to 7711000 with the millennium development goal of66 in 2015. 

It has been many years since world leaders committed to Millennium Development Goal 

4 (MDG 4), which sets out to reduce the under-five mortality rate by two-thirds between 

1990 and 2015 . The world has made substantial progress, reducing the under-five 

mOltality rate 4 1 percent, from 87 deaths per 1,000 live births in 1990 to 51 in 20 11. 

However, this progress has not been enough, and the target risks being missed at the 

global level. The global under-five mortality rate needs to be reduced to 29 deaths per 

1,000 live births which implies an annual rate of reduction of 14.2 percent for 2011-

2015 , much higher than the 2.5 percent achieved over 1990- 2011. Still, in 2011 , 6.9 

million children died before reaching their fifth birthday. Almost two-thirds of them, 4.4 

million, died of infectious diseases, nearly all of which were preventable. In addition, 

inequities in child mortality between developing and developed regions remain large. 
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The government of Eth iopia has been implementing four health sector development 

programs (HSDP) since 199711998 each of which incorporates reduction of infant and 

chi ld mortality rates (MEOH, 20 10). 

Through the progress ive implementation of these HSDPs, Ethiopia has made great strides 

to improve infant and child survival. 

In 2000 the Ethiopian government announced the intention by signing the millennium 

declaration committing to achieve the Millelmium Development Goals (MDGs) by 2015, 

many of which overlap with the 2015 national policy goals, which introduced by the 

federal government in 1991 and a policy action has been continued, for instance, in 2004 

the Ethiopian government prepared child survival strategy and implementation plan to 

reduce under-five mortality of 14011 000 live births to 6711 000 live births by 2015, thi s 

means a reduction of two-thirds from the 1990 rates of about 20011 000 live births or a 52 

percent reduction from the 2004 rate of about 140/1000 live births (Federal Ministry of 

health, 2005). 

The Government of Ethiopia has embarked on a new five year plan (20 11 -20 15), called 

the Growth Transformation Plan (GTP). The GTP aims to foster broad-based 

development in a sustainable manner to achieve the Millennium Development Goals. The 

Plan envisages a major transformation of the economic structure, seeking to double 

agricultural production and significantly increase the share of industry in the economy. 

The plan seeks to reduce infant mortality rates from 101 per 1000 to 67 per 1000 and cut 

the maternal mortality rate by more than half from 590 per 100,000 to 267 per 100,000. 

(United Nations Country Team, March 2011) 
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The study of infant and child mortali ty becomes one of the most important researches of 

the developing countries including Ethiopia. Child mortality is a composite index 

reflecting envirorunental, social , economic, health care services and delivery situation on 

the one hand and maternal as well as family and community norms and practices on the 

other. 

Numerous studies have shown a close association between child mortality and soc io­

economic status (for example, Preston, 1975 and 1985 ; Hobcraft et ai , 1984; Hill , 1985; 

World Bank, 1993). Most indicators of socio-economic status used are income per capita, 

education, urban/ rural residence, work status and household assets. 

1.2 Statement of the problem 

Under-fi ve child mortality decreased significantly since 1960 but there is still unfinished 

works to be done. That is why the world leaders set the millennium development goals 

(MDGs) which are being implemented from 1990 to 2015. One of these goals is 

reduction of infant and child mOl1ality by two-third by 2015 . 

Under-five child mortality is high all over the world on average. Particularly the problem 

is worse in sub-Saharan countries that accounted for almost half (49%) of the global total 

in 2011. 

Ethiopia has high infant and child mortality though pronounced reduction is recorded for 

the last three decades. This reduction is accounted by the implementation of successive 

health sector development programs and increasing allocation of budget although still 

well below the World Health Organization 's (WHO) standard . 
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Nowadays under-five chi ld mortali ty is a great concern for both the goverrunents and 

researchers. Many researchers are being attracted to identify the major factors associated 

with infant and child mortality and are giving their own recommendations. 

Researchers agreed that pneumonia, malaria, diarrhea, measles, neonatal causes (pre­

maturity, asphyxia and neonatal sepsis), malnutrition, and HIV/AIDS are underlying 

causes of infant and child mortality. But these causes are worsened by socio-economic 

and demographic determinants. 

Though Ethiopia is one of the countries experiencing high under-five child mortality, 

researches done concerning factors affecting under-five child mortality are not enough. 

Especially socio-economic and demographic factors which are affecting under-five child 

m011ality more significantly are not well studied. 

Consequently, this study attempts to identify some socio-economic and demographic 

factors affecting under-five child mortality. It also examines whether there are variations 

in under-five mortality among regions of Ethiopia. 

1.3 Objective of the study 

1.3.1 General objective 

The general objective of the study was to identify the most significant socio-economic 

and demographic factors affecting under-five child mortality and evaluate the variation of 

these factors within and between regions. 

1.3.2 Specific objectives 

;;- To identify socio-economic and demographic factors that affect most under-five 

child mortality. 
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~ To determine the extent of under-five child mortality within and between regions. 

~ To identify the factors that may expla in the variation in infant and child mortali ty 

between regions of Ethiopia. 

1.4 Significance of the study 

This study aimed to identi fy the levels and trends of under-five child mortality and 

associated socio-economic and demographic factors influencing under-five mortality. 

Hence the finding of this study could be useful in many respects. 

The results of the study could also be helpful in pointing out the regional variation of 

under-five chi ld mortality and suggesting the solution to minimize this disparity. Policy 

maker, monitors and evaluators could benefit to evaluate their policies and programs 

towards reducing under-five mortality. 

Moreover, researchers, governmental and non-governmental organizations who are 

working on infant and child mortality could use the findings .. 

I.S Limitation of the study 

I . This study used a retrospective data where misreporting of events could OCClli" due 

to lack of memory of the respondent. 

2. The Slli"vey took 11,654 respondents but due to mlss111g values, inconsistent 

answers and blank values of each variable, the study used 11,250 respondents. 

3. Birth interval could be an important variable for under-five child mortality but 

because of large number of missing values this indicator was not included in the 

study. 
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Chapter two 

2. Literature review 

2.1 Overview of infant and child mortality 

Under-five mortality has declined since 1960s all over the World even though there are 

regional disparities. But it still remains to be one of World 's major issues. That is because 

World leaders set out millelmium development goals and the target fo r one of these 

mille"lmium development goals (MDG4) is reduction of infant and chi ld mortality rates by 

67% between 1990 and 20 15 (UNICEF,20 12). 

Now substantial progress has been made to achieve MDG4 but it is challenging for most 

developing countries in particular Sub-Saharan Africa where Ethiopia is found . 

The highest mortality rates are in Sub-Saharan Africa where I in 9 children die before 

age five , more than 16 times the average for developed regions ( I in 152) and southern 

Asia (I in 16). Although U5MRs have fallen more sharply elsewhere, the disparity 

between these two regions and the rest of the World has grown (UNICEF; 20 12). 

This disparity can be caused by lack of commitment by the government and the socio­

economic and demographic inequality which shows the variation in education, level of 

income, lack of infrastructure, lack of awareness for family plarming and so on (World 

Health Statistics, 2012). 

According to UNICEF, analysis of international household survey data shows that 

chi ldren born into the poorest quintile (fifth) of households are almost twice as likely to 

die before age 5 as their counterparts in the wealthiest quintil e. Poverty is not the only 
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divider, however. Children are also at greater risk of dying before age 5 if they are born 

in rural areas, among the poor, or to a mother denied basic education (progress report 

2012 by UNICEF'S division of policy and strategy; renewing the promise-in every 

country, for every child) 

2.2 Situation of infant and child mortality 

Between 1990 and 2006, the number of child deaths globally was cut from 13 to just 

fewer than 10 million per year. The vast majority of these deaths occurred in developing 

countries and from preventable causes. Globally, significant progress has been made in 

reducing mortality rates among children under fi ve years old. Between 1990 and 2010, 

the under-five mortality rate declined by 35% from an estimated 88 deaths per 1000 live 

births to 57. The global rate of decline has also accelerated in recent years from 2. 1 % per 

annum during 1990-2010 to 2.6% during 2005- 20 10 (World health statistics, 2012). 

According to UNICEF (2012) substantial progress has been made towards achieving 

MOG 4. The number of under-five deaths worldwide has declined from nearly 12 million 

in 1990, the baseline for MDG, to 6.9 million in 2011. While that translates into 14,000 

fewer children dying every day in 2011 than in 1990, it still implies the deaths of 19,000 

children under age five every day in 20 II. 

The annual rate of reduction in under-five mortality has accelerated from 1.8 percent a 

year over 1990- 2000 to 3.2 percent over 2000- 20 11 but remains insufficient to reach 

MOG 4, particularly in Oceania, Sub-Saharan Africa, Caucasus and Central Asia, and 

Southern Asia. 
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The highest rates of child mortality are still in Sub-Saharan Africa where 1 in 9 chi ldren 

dies before age fi ve, more than 16 times the average for developed regions (1 in 152) and 

Southern Asia (1 in 16). As under-five mortality rates have fallen more sharply 

elsewhere, the disparity between these two regions and the rest of the world has grown 

(UNICEF, 2012). 

Under-five deaths are increasingly concentrated in Sub-Saharan Africa and Southern 

Asia, while the share in the rest of the world dropped from 31 percent in 1990 to 17 

percent in 201l.The share of under-five deaths that occur in Sub-Saharan Africa and 

Southern Asia is large and growing (83% in 2011 ). Of the 24 countries with under-five 

mortality rate above 100 deaths per 1,000 live births in 2011 , 23 are in Sub-Saharan 

Africa and the remaining one is in Southern Asia. As under-five mortality rates have 

fa llen more sharply in richer developing regions, the disparity between Sub-Saharan 

Africa and other regions has grown. In 1990 a child born in Sub- Saharan Africa faced a 

probability of dying before age fi ve that was 1.5 times higher than in Southern Asia, 3.4 

times higher than in Latin America and the Caribbean, 3.7 times higher than in Eastern 

Asia and 12. 1 times higher than in developed regions. By 2011 that probability was 1.8 

times higher than in Southern Asia, S. 7 times higher than in Latin America and the 

Caribbean, 7.4 times higher than in Eastern Asia and 16.5 times higher than in developed 

regions. However, Sub-Saharan Africa has seen a faster decline in its under-five mortality 

rate with annual rate of reduction doubling between 1990-2000 and 2000-2011 (UNICEF, 

2012) 
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Ethiopia being one of Sub-Saharan African, that experience high infant and child 

mortality, is still in trouble with under-five mortality. Based on the mortality trend 

obtained from DHS survey conducted in 2000, 2005 and 2011 , it is evidenced that infant 

and child mortality in Ethiopia declined continuously. Under-five mortality decreased 

from 166 deaths per 1,000 live births in 2000 to 59 deaths per 1,000 live births in 20 II 

(EDI-IS; 2011). 

2.3 Socio-economic and demographic factors 

Socioeconomic conditions of people in the community have strong impact on infant and 

child mortality. The relationship between socioeconomic development and mortality level 

is circular in the sense that socioeconomic deve lopment affects the mortality level and 

mortality level affects socioeconomic and demographic structure of a country. In the 

developing countries, several socioeconomic factors have been identified as having 

strong relationship with infan t and child mortality ditIerentials. The type of place of 

residence is also an important determinant of child survival. Kabir and Chowdhury 

(1993) explained that urban-rural differentials may be attributed to different health care 

services including higher coverage with immunization, safe delivery of births and access 

to health care services. 

Mondaal (2009) using data from Strengthening the Department of Population Science and 

Human Resource Development with 'cross classification and logistic regression have 

shown that place of residence, mother's education, father 's education, mother's age at 

birth, birth interval, breast feed ing, having television and access to facility have 

significant impact on infant and child mortality. The father 's educational attainment 

affects infant and child mortality because of his decision giving power in most 
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developing countries. Similarly father 's occupation is an important predictor of infant and 

child mortality. One 's occupation is reflection of the physical environment, his social 

milieu, hi s education background, hi s income and hi s life style. 

Mother 's occupation is al so associated with nutritional status of the ir children. The 

incidence of infant and child mOl1ality is higher among not working women including 

regular house hold activities than that of working women. Television (TV) is at present a 

powerful media and basic thing of life. When an illiterate man watches health related 

programs, he will realize the importance and role of health and cleanness. 

On the other hand Arvind Pandey (1998) using data from India's National Family Health 

Survey (NFHS) showed that urban/rural residence, mother' s exposure to mass media, 

mother's literacy, access to flush or pit toilet, house hold 's religion, mother's age at the 

time of birth and economic level of the household have substantial effect on infant and 

child mortality and are statistically significant. Among children born to mothers at 

various ages, those born to mothers under the age of 20 have the least m0l1ality rates. 

They also showed that for children who are not first born, previous birth interval has by 

far the largest effect on infant and child mortality. Children born less than 24 months 

after a previous birth are more than twice as likely to die during infancy and two thirds 

more likely to die during childhood compared with children born after a longer interval. 

Similarly they said that families that have already experienced the death of an infant or 

child are at much greater risk than other families. 

Literate mothers have more than double advantage as compared to their illiterate or 

uneducated counter parts of not being sufferer of their babies' early death. Other factors 

being constant, maternal education is one of the leading determinants of infant and child 
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mOltality and is a principal source of ascertaining a health seeking behavior of mother 

towards their children (Safeer Ullah, 2010).This is the same as Caldwell 's (1979) who 

demonstrated that mother's education is a more decisive determinant of child survival 

than other family characteristics such as husband's occupation and his education. 

Mother' s education affects child survival in two ways: through better child-care practices 

and higher standards of hygiene at home and more rational and greater use of preventive 

and curative medical services (Mosely and Chen, 1984; Cleland and Van Ginneken 

1988). 

Kwabena (2011) based on data from South Africa demographic and health survey and 

using logistic regression analysis has found that education of the mother, marital status of 

the mother, the number of children the mother has, duration of breast feeding, and 

previous loss of a child are determinants of under-five mortality. But in contrary to the 

aforementioned results he found that father's occupation and availabi lity of toilet have no 

significant impact for under-five survival. 

Tawiah (1979) has shown that work status of a mother is an important determinant of 

mortality of her children at the younger ages, zero to five. The study explains that when a 

mother works outside the home, she is prevented £i'om taking maximum care of the child 

and that affects the survival chances of the child directly. On the other hand, the longer 

the duration of breastfeeding (from HIV negative women) the lower the risk of child 

mortality; the risk reduced by over 33 percent. The study showed that women's education 

after nine successful years of schooliLlg is a necessary and essential factor to promote a 

decline in child mortality. 
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Though not expected, the influence of mother' s education on infant mortality completely 

disappears from 2005-2006 Zimbabwe DHS (Joshua Kombo and Jeroen K. Van 

Ginneken, 2009). Using multivariate analysis they found no-U shaped relationship 

between bil1h order and mortality and maternal age and h10rtality. In the mean time they 

found that lower ri sks of child death among children who are first born and those born to 

mothers aged 40-49 years which is a deviation from what others agreed. But they 

revealed that birth order, preceding birth interval and maternal age as determinants of 

infant mortality, which are less pronounced in child mortality. The provisions of piped 

drinking water and flush toilets to households have a strong impact on child mortality 

than infant mortality. 

Trussel and Hammerslough (1983) in hazard model analysis for child mortality in Sri 

Lanka, found that improvement in the type of toilet facility reduces mortality while the 

source of water supply was tound insignitlcant. Ridder and Tunali (1999) found that 

access to piped water and toilet facilities did not have much of an impact on the child 

mortality risk in Malaysia. 

Mturi and Curtis (1995), based on data from 1991192 DHS in Tanzania, used hazard 

model and found that short birth interval , adolescent pregnancy, previous child mortality 

are associated with increased risk of infant and child mortality while no significant effect 

of socio-economic status (maternal education, partner's education, urban/rural residence 

and presence of radio in the house hold) of the population on infant and child m0l1ality 

was observed. 

Similarly, Mustafa and Odimegwu(2008), based on Kenya's DHS data, used logistic 

regression and found similar result as that obtained in Tanzania for socio-economic 
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determinants of infant and child mOltality rate both in urban and rural areas . They found 

that regional variation exist in infant and child mortality between the different provinces 

of Kenya. 

According to World bank's country status report (June, 2004), infant and under-five 

mortality rates in Ethiopia are 16 percent and 31 percent higher respectively among 

children from the poorest quintile compared to children from richest quintile. In urban 

and rural areas infant mortality rates (IMR) are 96.5 and 114.7 and under -five mortality 

rates are 148.6 and 192.5 respectively which shows there is a remarkable difference 

between urban and rural residence. Besides mortality rates vary between regions: Addis 

Ababa has the lowest IMR (81) and U5MR (113) while Gambella has the highest IMR 

(123) and U5MR (223). 

In this repOlt it was stated that short birth intervals, a high birth order, a low birth weight, 

the young age of mothers, and being part of certain religious groups are all strongly 

con-elated with high child mortality levels. Low child mortality rate was among Orthodox 

Christians and low mortality rate among children of older women. 

The government of Ethiopia, using EDHS (2005) data has stated the following in the 

report on progress in implementing the World Fit for children plan of action in Ethiopia 

(2007). There are significant regional variations in infant and U5 mortality that reflect 

regional disparities, urban-rural differences and educational and wealth levels. For 

instance U5MR ranges from a low of 72 in Addis Ababa to a high of 157 per 1,000 live 

births in Benishangul Gumuz followed by Gambella (156) and Amhara Regions (154). 

U5MR among children born to mothers with no education (139 per 1,000 live births) is 

more than twice that of children born to mothers with secondary and higher level of 
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education (54 per 1,000 live births). The U5MR for children who live in rural areas is 135 

per 1000 live births versus 98 per 1000 live births for those who live in urban areas . 

According to EDHS (2011) report infant and child mortality are strongly influenced by 

socio-economic and demographic differentials . Mortality rates are consistently lower in 

urban than in rural areas. Infant mortality is 29% higher in rural areas (76 deaths per 1000 

live births) than in urban areas (59 deaths per 1,000 live births) . The urban-rural 

difference is also more pronounced in the case of U5M. U5MRs range from a low of 53 

per 1,000 live births in Addis Ababa to a' high of 169 per 1000 live births in Benishangul-

Gumuz. U5M is also high in Afar, Gambella and Somali . Mother's education is inversely 

related to a child' s ri sk of dying. U5M among children born to mothers with no education 

(121 per 1,000 live births) is 2.6 times as high as that of children born to mothers with 

secondary education (46 per 1,000 live births) and more than five times as high as that of 

mothers having above secondary education (24 per 1,000 live births). The beneficial 

effect of educating mothers is evident for all childhood mortality rates. Also, childhood 
• 

mortality generally decreases as wealth increases, although the differences are relatively 

small in the three highest wealth quintiles. 

Sex of the child, mother's age at birth, birth order, previous birth interval and the infant 

size at birth have been found to play an important role in the survival of children. 

Kumar and Gemechis (2010) used cross tabulation technique on EDHS (2005) data and 

found that birth interval with previous birth and mother' s education have a significant 

impact on child mortality. The result confirmed that the child mortality risk of children 

of less than 2 years of birth interval with previous child was highest (15%) and lowest 
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(4.2%) for the children whose birth interval was 4+ years. On the other hand they 

reported that children's mother' s educational level is significantly correlated with the risk 

of mOltality of children. 

Desta Mekonnen (201 I) used data from EDHS (2005) to investigate the role of 

Socioeconomic, Demographic and Biological factors in the previous five years period of 

2000 and 2005 by employing logistic regression method. He found that marital status, 

birth order, type of birth and preceding birth interval are the dominant significant 

proximate determinants of infant and chi ld mortality. Breast feeding is also found to be 

significant for infant mortality but it is insignificant for child mortality. Children born to 

women not currently married, first born children, children born after less than 18 months 

of previous birth and chi ldren who breast fed less than 6 months are exposed to high risk 

of mortality. On the other hand it was found that among socio-economic variables, house 

hold size, and to some extent mother's and father's educational level and sex of 

household head are the most significant determinants of infant and chi ld mortality. 

Children born in households of small size, children born in households headed by males, 

children born to mothers and fathers with no education and to some extent chi ldren born 

to mothers with primary education are exposed to high risk of infant and chi ld mortality. 

2.4 Research hypotheses 

Death is a natural process which is caused by illness but the cause of illness in under-five 

is aggravated with socio-economic, demographic and other proximate determinants 

enhancing the death of infants and children. Even though substantial reduction of infant 

and child mortality is recorded in Ethiopia for the last few decades as mentioned above, 
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much is left to achieve the desired goal especially the MDG4 which is the promise of 

reduction ofU5M by two-third by 20 15. 

Thus, based on previous research findings and theories the following hypothesis wi ll be 

explored and factors more associated with infant and child mortality in Ethiopia wi ll be 

identified. 

1. The ri sk of infant and child mortality is expected to be lower among children 

whose mothers have at least secondary level education. 

2. The ri sk of infant and child mortality is expected to be lower for women having 

less number of children. 

3. The ri sk of infant and child mortality wi ll be higher in rural areas than in urban 

areas . 

4. The risk of infant and child mortality is expected to be higher for uneducated 

father than the educated father. 

5. The ri sk of infant and chi ld mortality is expected to be higher for young and old 

mothers. 

6. Infant and child mortality is expected to be lower if there is television (TV) in the 

household. 

7. Infant and chi ld mOliality is expected to be different among different religions. 

8. Infant and chi ld mOltality is expected to vary between and across regions due to 

different socio-economic activities, cultures and uneven distribution of 

infrastructures. 

9. The risk of under-five chi ld mortality is expected to decrease as months of breast 

feeding increases. 
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10. Under-five child mortality is expected to be hi gher for mothers whose age at first 

birth is less than 20. 

II . The under-five child mortality is assumed to be increasing as the number of 

children born to the mother increases. 

These aforementioned and other unstated hypotheses will be verified by uSlllg 

ordinary logistic regression and multilevel logistic regression models. 
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Chapter three 

3. Data and methodology 

3.1 Source of data 

The data of this study were obtained from Ethiopian DHS conducted in 20 II. DHS is a 

worldwide project and EDHS was conducted by Ethiopian central statisti cal agency 

(CSA) under supervision of the goverrunent of Ethiopia funded by United States agency 

for international development. 

The 20 11 EDl-l S sample was selected using a stratified, two-stage cluster design, and 

enumeration areas (EAs) were the sampling units for the first stage and each household 

was the sampling unit of the second stage. The sample included 624 EAs, 187 in urban 

areas and 437 in rural areas. A total of 17,8 17 households were selected for the sample, 

of which 17,018 were found to be occupied during data collection. Of these, 16,702 were 

successfully interviewed, yielding a household response rate of 98 percent. [n the 

interviewed households 17,385 eligible women aged 15-49 were identified for individual 

interview; complete interviews were conducted for 16,5 15, yielding a response rate of 95 

percent (CSA, 2011 ). 

The data used fo r mortality estimation were co llected in the birth history section of the 

Woman 's Questionnaire. The birth history section begins with questions about the 

respondent 's experience with childbearing (i.e. , the number of sons and daughters living 

with the mother, the nunlber who live elsewhere, and the number who have died). These 
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questions are followed by a retrospective birth hi story, in which each respondent is asked 

to li st each of her births, starting with the first birth. For each birth, data were obtained on 

sex, month and year of birth, survivorship status, and current age, or, if the child is dead, 

. age at death. This information is used to directly estimate mortality rates. 

The EDHS 20 11 data set has hierarchical structure. The hierarchy for this study follows 

individuals/women as level-I , and regions as level-2. This means that individuals are 

nested in regions. 

3.2 Descriptions of variables 

The dependent and independent variables are selected based on prevIOus works to 

analyze and see which independent or explanatory variables affected the dependent or 

response variable significantly by using both descriptive and inferential analysis. 

3.2.1 The response variable 

The response variable of the study is under-five child mortality (coded 0 or 1) in Ethiopia 

for the period of fi ve years from 2005-20 11 . For the purpose of clarity, it is important to 

define different stages of mortality according to time. Infant mortality is the probability 

of dying in the age group 0-1 year. Child mortality is the probability of dying in the age 

group 1-5 years. Under-five child mortality is the probability of dying in the age group O­

S years where mortality is measured per 1000 live births. 

The response variable is dichotomous and is denoted by Y,. If a mother experienced a 

loss of under-five child in the last five years before the interview, the response variable 

(Yi) takes the value of 1 otherwise it takes the value of O. 
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I h . Y -fl if the ith mother had the incidence of USCM 
n sort. ;- t 0 if the ith mother had not experienced USCM 

3.2.2 Explanatory variables 

The explanatory variables explored in this study were based on previous works done 

especia lly according to Mosley and Chen (1984) framework. As determinants of under-

fi ve child mortality, thi s study utilized only socio-economic and demographic factors . 

These explanatory variables are educational level of mother, occupation of mother, the 

number of children ever born to the mother, marital status of mother, place of residence, 

occupation of husband/partner, education of husband/partner, months of breast feeding, 

owning TV or not, age of mother at first birth, sex of child, religion, region, birth order 

number, wealth index, number of household members, age of mother and sex of 

household head. 

Table3.I . Demographic, socio-economic and proximate variables. 

Variables Descriptions Values/ records 

I .REGION Region I=T igray 

2=Afar 

3=Amhara 

4=Orom ia 

5=Somali 

6=Benshangu le-Gumuz 

7=SNNP 

8=Gambe lla 

9=Harari 

I O=Addis Ababa 

I I =Diredawa 

2. RELGION Rel igion I=Orthodox 

2=Catholic 

3=Protestant 

4=M uslim 

5=Traditional 
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6=Other 

3. PR Type of Place of residence I- urban 

2=rural 

4.MEDU Mother' s educational leve l O=no education 

I =primary education 

2=secondary 

3= Higher 

5. MOCCU P Mother's occupation O=not working 

I =Professionalltechnical/manageriallclerical 

2=Sales/services 

3=Agricu ltural 

4= Manual 

6. HEDU Husband/partner' s education O=no education 

I =primary educati on 

2=secondary 

3 =higher 

8= Don 't know 

7.HOCCUP Husband/partner's occupation O=Jobless 

I=Managers 

2=Agricu ltural worker 

3=Trade worker 

4=Operator/assembler 

5=Labourer 

6=Other 

8.TCHBORN Total children ever born to the 1- 1-4 

mother 2= 5-8 

3=9 and above 

9.CMSTATUS Current marital status O-Never in union 

I=Married 

2=Living with partner 

3=Widowed 

4=Divorced 

5=No longer living together/separated 

10.N HM Number of household members 1- 1-5 

2=6-10 

3= 11-1 5 

4= 16 and above 
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II .MBFEED Months of breast feed ing 1- 0-6 
2=7-12 

3= 13-18 
4= 19-59 

5=ever breast fed , not currently breast 
feed ing 
6=never breast fed 

12. HTV Household has Telev ision O=no 

I=yes 

13 . SEX H Sex of household head I- male 

2=fema le 

14. Age of mother at first birth 1- 9-14 

AGEF IRST 2= 15- 19 
3=20-24 

4=25-29 
5=30 and above 

15.SEX Sex of child I=male 
2=fema le 

16.BORD Bilth order number 1= 1-3 
2=4-6 

3=7-9 
4= 10 and above 

17.AG EM Age of mother 1- 15-19 
2=20-24 

3=25-29 
4=30-34 

5=35-39 
6=40-44 

7=45-49 

IS .WIN DEX Wealth index I- poorest 

- 2=poorer 
3=midd le 

4=richer 
5=richest 

Note : In the category of months of breastfeeding, 0-6 ,7- 12,13-18 and 19-59 months are 

the categories for currently breast feeding. 
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3.3 Model description 

3.3.1 Logistic regression 

Regression methods have become an integral component of any data analysis concerned 

with describing the relationship between a response variable and one or more explanatory 

vari ables. The outcome variable in binary logistic regression is binary or dichotomous 

while the outcome variable in linear regression is continuous. On the other hand the error 

term in linear regression is normally distributed with mean zero and some variance that is 

constant across levels of the independent variables while the error term in binary logistic 

regression is di stributed binomially, not normally. Consequently the response variable in 

logistic regression is not restricted to no rmality in case of parameter estimation. Because 

of thi s logistic regression is the most popular method of analyzing binary response data. 

There are two primary reasons for choosing the logistic regression. First from 

mathematical point of view it is an extremely flexible and easily used funct ion and 

second it lends itself to a clinically meaning fu ll interpretation (Hosmer and Lemeshow, 

2000). 

Logistic model, as compared to its competitor, the probit model , is less sensitive to 

outliers and easy to correct a bias (Copas, 1988). Logistic regression is used regularl y 

rather than di scriminate analysis when there are two categories of the dependent variable. 

Discriminate analysis strictly requires the continuous independent variables (though 

dummy variables can be used as in multiple regress ions).Thus, in instances where the 

independent variables are categorical, or a mix of continuous and categorical, and the 

dependent variable is categorical, logistic regression is necessary (Agresti, 2007). 
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Logistic regression determines the impact of multiple independent variables presented 

simultaneously to predict membership of one or other of the two dependent variable 

categories. 

There are two mam uses of logistic regress IOn: the first is the prediction of group 

membership. Since logistic regression calculates the probability of success over the 

probability of failure, the results of the analysis are in the form of an odds ratio. Logistic 

regressIOn also provides knowledge of the relationships and strengths among the 

variables. 

The assumptions required for statistical tests in logistic regression are far less restrictive 

than those for ordinary least squares regression. There is no formal requirement for 

multivariate normality, homoscedasticity, or linearity of the independent variables within 

each category of the response variable. However, the assumptions that apply to logistic 

regression model include: meaningful coding, inclusion of all relevant and exclusion of 

all irrelevant variables in the regression model and low error in the explanatory variables. 

Odds ratio: for a probability of success n, the odds of success are defined to be the 

ratio of probability of success n (in our case the probability of under-five child mortality 

or y= I) to probability of failure 1- n (in our case the probability of survival of under-fi ve 

or y=O). 

rr 
Odds = -

1-rr 
(3 .1 ) 

The odds are non-negative with value greater than one when a success is more likely 

than a fai lure and between 0 and I when the appropriate is true. The odds ratio denoted as 
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OR is defined as the ratio of the odds for y= 1 to the odds for y=O and is given by the 

equation: 

OR = ~ * 1-n(0) 
1-n(1) nCO) 

(3.2) 

The odds ratio is a measure of association which has found wide use, as it 

approximates how much more likely (or unlikely) it is for the outcome to be present 

among those with y= lthan among those with y=O. 

3.3.1.1 Model 

Let YnXl be a dichotomous outcome random vector with categories I (a woman 

experienced under-five mortality) and 0 (a woman didn ' t experience under-five 

mortality). Let X, an n x (k+ I) matrix denotes the collection of k-predictor variables 

and, ~ be a (k+ I) x I vector of parameters, then the data layout of explanatory 

variables is given by: X = (1, Xl, XZ, ... , Xk)' 

The first (leading) column is a column of 1 's. It corresponds to the constant or 

intercept of logistic regression equation. X without the leading column of 1 s, is 

termed as predictor data matrix. Then, the conditional probability of Y given X is 

given by: 

n = p(Y = 11X) = exp ((30+(3,x,+···(3k Xk) = exp (X' P) 
l+exp ((30+(3,x, +· ·PkXk) l+exp (X'P) 

(3.3) 

From (3.3) the odds of success is given by: 

Odds (Y = 1) = ~ = exp (x'(3) 
1-1[ 

(3.4) 

In logistic regression analysis, it is assumed that the explanatory variables affect the 

response variable through a suitable transformation of odds of the probability of 
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success. This transformation is a suitable link function of 11: and is called the logit -

link, which is defined as: 

rr 
Logit(rr) = log(--) = log(exp ((X' P)) 

l-rr 

The transformed variab le, denoted by logit (rr) is the log-odds and is related to the 

explanatory variables as: 

The above equations give sui table representations of the success probability, odds, 

and log-odds. Indeed, these representations facilitate interpretations of parameter 

estimates. 

The parameter P; refers to the effect of X; on the log- odds for Y = I controlling the 

other X's in the model. 'For predictor variables having L levels (L :::: 2), interpretation 

can be made by making one of the L-levels as a reference category. 

3.3.1.2 Estimation of model parameters 

The logistic regression model just developed is a generalized linear model with 

binomial errors and logit link. Instead of finding the best fitting line by minimizing 

the sum of the squared residuals, as we did with OLS regression, we use Maximum 

Likelihood (ML) estimation to obtain estimates the coefficients in the logit equation 

given in (3.5). 

ML methods seek to maximize the log likelihood, LL, which reflects how likely it is 

(the odds) that the observed values of the outcome may be predicted from the 

observed values of the predictors. ML method for this case is based on Newton-
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Raphson iteratively reweighted least square algorithm until it gets the smallest 

possible deviance or best fit. 

Suppose (Yl, Y2,· · ·,Yn) represent the n dependent random observations corresponding 

to the random variables (Y 1, Y 2, ... , Yn). Since the Yi is a Bernoulli random variable, 

the probability function of Y; isf(Yi) = rriyi(l-rr;)l-Yi ; y; =0 or 1 i= l , 2, 3 ... n. 

Since Y's are assumed to be independent, the joint probability function or likelihood 

function is given by: 

L=L(y; 11)= nf=l n/i(l - ny- yi 

L is the likelihood function of the parameters. The maximum likelihood principle 

states that the estimates of the parameters maximize the likelihood function L (~). 

However, we take the log of the likelihood function which is called log likelihood and 

differentiate it with respect to the ~'s to get the estimates. 

Log likeliliood = LL = 10gL(fJ) = Li'=lYi(fJo + fJ1X1 + ... + fJkXk) - Lr~ l log {l + 

(3.6) 

Differentiating (3 .6) with respect to fJ and equating to zero, we will get the estimates 

of fJ. 

Manipulating thi s wi ll be tiresome because of its complexity. But there are stati stical 

soft-wares, such as SAS, STATA and ML WIN, available to solve thi s iteratively 

based on Newton- Raphson iterative method. 

3.3.1.3 Goodness of fit of the model 

After estimating the coefficients of the proposed model our first look at the fitted model 

commonly concerns with an assessment of the goodness of fit of the model and the 
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significance of the variables in the model .This usually involves formulation and testing 

of a stati stical hypothesis to determine whether the independent variables in the model 

are "significantly" related to the outcome variable (Hosmer-Lemeshow, 2000). 

Goodness of fit of the model can be assessed in two ways first by testing the overall 

goodness of the model and second by testing the significance of each explanatory 

variable in the model. 

The Hosmer-Lemeshow test 

The Hosmer- Lemeshow test is a commonly used test for assessing the goodness of fit of 

the model and allows for any number of explanatory variables, which may be continuous 

or categorical. Hosmer and Lemeshow's goodness of fit test divides subjects into g 

groups (usually g= IO) based on predicted probabilities and then computes a chi-square 

from observed and expected frequencies. Using this grouping strategy, the Hosmer-

Lemeshow goodness-of-fit statisti c, C is obtained by calculating the Pearson chi-square 

statistic from the gx2 Table of observed and estimated expected frequencies . A formula 

defining the calculation of C is as follows: 

(3 .7) 

Where Ej=nn:j' Vj= nn:il - n:) , g is the number of group, OJ is observed number of 

events in the /" group, ~. is expected number of events in the /' group, and V; is a 

variance correction factor for the)'h group. If the observed number of events differs from 

what is expected by the model, the stati stic c will be large and there will b~ evidence 

against the null hypothesis that the model is adequate to fit the data . This stati stic has an 

approximate chi-square di stribution with (g-2) degrees of freedom (Agresti , 2007). 
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If the calculated p-value of the Hosmer-Lemeshow goodness-of-fit test statistic is greater 

than 0.05, we will not reject the null hypothesis that there is no di fference between 

observed and model-predicted values, implying that the model estimates are adequate to 

fit the data at an acceptable level. 

Likelihood ratio test 

We use likelihood ratio test for checking the significance of the overall model and the 

significance of individual parameters in the model. Likelihood ratio test is based on 

comparing the log-likelihood value of two different models; one with k explanatory 

variables sometimes called saturated model and the other with j U<k) explanatory 

variables. In most cases the comparison is made between the log li kelihood of the 

saturated model and the log likelihood of intercept only (in the absence of explanatory 

variables) model. If this di ffe rence is stati stically significant, then the less restricti ve 

model (the one with more vari ables) is said to fit the data significantly better than the 

more restricti ve model. The likelihood ratio test stati stic is given as follows : 

(3.8) 

Where, Lo is the likelihood of the null model or constant only model and LI IS the 

likelihood of the saturated model or the model containing k predictors. 

Under the global null hypothesis, Ho: ~ I = ~2 = ... = ~k = 0, the statistic G2 fo llows a chi­

square di stribution with k-I degrees of freedom and measures how well the independent 

variables affect the response variable ( Hosmer and Lemeshow, 2000). 
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Wald test: We use the Wald test for testing the significance of individual parameters 

in logistic regression. That is, the Wald test is used to test 

The Wald test is based on the behavior of the log- likelihood fu nction at the ML 

estimate /1, having chi-squared form. The Wald test stati stic for testing the above 

hypothesis is: 

W = S Ei~; )2 ,i = 1,2,3 ". k (3.9) 

The SE of /1 depends on the curvature of the log-likelihood function at the point where it 

is maximized, with greater curvature giving smaller SE values. 

Another test that we can also use to test the significance of individual parameters is the 

score test. The score test is based on the behavior of the log-likelihood function at the null 

value for P of O. It uses the size of the derivative (slope) of the log-likelihood function , 

evaluated at the null hypothesis value of the parameter. The derivative at p=O tends to be 

larger in absolute value when /1 is further from the null value. The score statistic also has 

an approximate chi-squared distribution with df= 1 (Agresti , 2007). 

3.3.1.4 Residuals for logit models 

With categorical predictors, we can use residuals to compare observed and fitted counts. 

Thi s should be done with the grouped form of the data . Let Yi denote the number of 

"successes" for ni trials at setting i of the explanatory variables. Let ITi denote the 
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estimated probability of success for the model fit. Then, the estimated binomial mean 

n i ft i is the fitted number of successes. 

For the logit model, the Pearson residual comparing Yi to its fit is 

(3. 10) 

The s tandard residual divides (Yi - nift;) by its SE 

Standard resid ua l = Yj-njITj = Yj-njITj 
So J njITj[l-IT;] [l-hij 

(3 .11 ) 

The term hi in thi s formu la is the observation ' s leverage, its element fro m the diagonal of 

the so-called hat matrix. (Roughly speaking, the hat matrix is a matrix that, when applied 

to the sample logits, yields the predicted logit values for the model.) The greater an 

observation 's leverage (hi> 1 or 2p/n where p=k+ 1), the greater its potential influence on 

the model fit. 

The standardized residual, e; , 1 - hi is larger in absolute value than the Pearson 

residual , ei and is approx imately standard normal when the model holds. An absolute 

value larger than roughl y 2 or 3 provides evidence of lack of fit (Agresti, 2007). 

3.3.1.5 Model diagnostic 

Diagnostics are certain quantities computed fro m the data with the purpose of pinpointing 

influential points after which these influential points can be removed or corrected. 
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Influence stati stics tell us how much some feature of the model changes when a particular 

observation is deleted from the model fit. 

DFBETAS- assess the effect of an individual observation on the estimated parameter of 

the fitted model. A DFBET AS diagnostic is computed for each observation for each 

parameter estimate. It is the standardi zed difference in the parameter estimate due to 

deleting the corresponding observation. The DFBETAS are useful in detecting 

observations that causes instabi li ty in the selected coefficients. 

Leverage (hat matrix) value measures the influence of a point on the fit of regression. 

The centered leverage ranges from 0 (no influence on the fit) to (n-l )/n or it is from 0 to 

1. 

Cook's distance (D) is a measure of how. much the residual of all cases would change if 

a particular case were excluded from the calculation of the regression coefficients. A 

large Cook 's distance indicates that excluding a case from computation of the regression 

statistics changes the coefficients substantially (Cook and Weisberg, 1982). 

3.3.2 Overview of multilevel model 

In multilevel research, the structure of the data in the population is hierarchical , and a 

sample from such a population can be viewed as a multistage sample. First we take a 

sample of units from the higher level (in our case from the 9 regions and two city 

administrations), and next we sample the sub units from available units (in our case from 

mothers). In such samples the individual observations are generally not completely 

independent. 
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Because of cost, time and efficiency considerations, stratified multistage samples are the 

norm for sociological and demographic surveys. For such samples the clustering of the 

data is, in the phase of data analysis and data reporting, a nuisance which should be taken 

into consideration. 

This clustering sampling scheme often introduces multilevel dependency or correlation 

among the observations that can have implications for model parameter estimates. For 

multistage clustered samples, the dependence among observations often comes from 

several levels of the hierarchy. The problem of dependencies between individual 

observations also occurs in survey research, where the sample is not taken randomly but 

cluster sampling from geographical areas is used instead. In this case, the use of single-

level stati stical models is no longer valid and reasonable. Hence, in order to draw 

appropriate inferences and conclusions from multistage stratified clustered survey data, 

we may require tricky and complicated modeling techniques like multilevel modeling 

(Khan and Shaw, 2011). 

The full multilevel regression model assumes that there is a hierarchical data set with one 

single dependent variable that is measured at the lowest level and explanatory variables at 

all ex isting levels. Conceptually the model can be viewed as a hierarchical system of 

regression equation. 

The multilevel model for univariate case with two levels is given by: 

y.. = A + AI X ·· +" o+ e" '- 12 J IJ po JJ J IJ r- ~ IJ , J- , , ..... , 

where: J is number of groups. 
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i = 1,2, .. . , N; Where N; number of individuals in each group. 

Iloj=the error at level two. 

eij=the error at level one. 

Y th I I d ·th I I i j is the response at i eve one an J eve two 

Xij is the explanatory variable at ith level one and /,1 level two 

The 20 11 EDl-lS data set used for this study is based on stratified, two-stage cluster 

design, and EAs (sub units of kebele defined in 2007 census) were the sampling units for 

the first stage. The sample included 624 EAs, 187 in urban areas and 437 in rural areas. 

Households comprised the second stage of sampling. 

Among the appropriate approaches to analyzing under-five child mortality data from this 

survey is therefore based on nested sources of variability. Here the units at lower level 

(level-I) are individuals (mothers aged 15- 49) who are nested within units at higher level 

(regions: level-2). 

Mothers in each region share the same characteristic and they are not independent. 

The response variable in thi s study, whether mothers have experienced or not 

experienced under-five mortality during the last five years (2005-2011) is binary. 

Consequently multilevel logistic regression is one choice for the analysis. The multilevel 

logistic regression analysis considers the variations due to hierarchy structure in the data. 

It allows the simultaneous examination of the effects of group level (cluster and division) 

and individual level variables on individual level outcomes while accounting for the non 

independence of observations within groups. Also this analysis allows the examination of 
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both between group and within group variabi lity as well as how group level and 

individual level variables are related to variability at both levels (Khan and Shaw, 20 II). 

3.3.2.1 MuItilevellogistic regression 

As described above the data set used for this study has a two level hierarchical structure; 

mothers (children) are nested within regions. We first consider a two-level model for 

binary outcomes with a single explanatory variable. Suppose we have data consisting of 

mothers who gave birth (level one) grouped into Regions (level two). We observe Yij , a 

binary response for mother i in region j and Xii, an explanatory variable at the mother 

level. Where i= l , 2, 3 ... ,nj andj=l, 2, 3, ... ,N. We define the probability of the response 

equal to one as 1[ii = Pr(Y;j = I )and let 1[U be modeled using a logit link function. The 

standard assumption is that Yu has a Bernoulli distribution. 

Then the two -level model can be written: 

(3. 12) 

Where Uo}is the random effect at level two. Without UO} , equation (3.12) would be a 

standard logistic regression model. Therefore, conditional on UO}, the YU 's can be 

assumed to be independently distributed. Here, UO} is a random quantity and fo llows N 

(0, au 2 ). Model (3.12) is often described alternatively in the literature as multilevel 

models as: 
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log [,:;,J = POj + P, Xij (level one model) (3.13) 

and POj = po + UOj (level two model) (3.14) 

Relative to equation (3.13) and equation (3.14) equation (3.12) is the so-called combined 

equation (Guang and Zhao, 2000). 

The basic data structure of two -level logistic regression is a collection of N groups 

(units at level-two(regions))and within group jU= I,2, .. . , N) a random sample ofnj level 

one(mothers who gave birth)units. The outcome variable is dichotomous and denoted by 

rtj (i= 1,2, .. . ,nj, j= I ,2, ... ,N) for level-one unit i in group j. The outcomes are supposed 

to be coded 0 and I: 0 for 'failure ', I for ' success ' or vice versa. The total sample size is 

M=L7=1 nj. If one does not take explanatory variables into account, the probability of 

success is assumed constant in each group. Let the success probability in group j be 

denoted by Pj. The dichotomous outcome variable for the individual i in group j , rtj ; 

which is either 0 or I can be expressed as the sum of the probability in group j, Pj (the 

average proportion of j levels in group j , E(Yij) = Pj) plus some individual -dependent 

residual Eij. That is Yij = Pj + Eij. The residual term is assumed to have mean zero and 

variance, Var(Eij)= Pj (I-Pj ). Since the outcome variable is coded 0 and I , the group 

sample average is the proportion of successes in group j given by p.j = : . L~~, Yij p. j is 
) 

an estimate for the group-dependent probability Pj . Similarly, the overall sample average 

is the overall proportion of successes,)), and is given by p. - : L7=1 L;',;, rt j . This is an 

estimate for the overall probability of success, p (Snijders and Bosker, 1999). 
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3.3.2.1.1 Testing heterogeneous proportions 

For the proper application of multilevel analysis in general and multilevel logistic 

regression analysis in particular, the first logical step is to test for heterogeneity of 

propol1ions between groups (in our case between Regions). Two commonly used test 

statistics that are used to check fo r heterogeneity of prop0l1ions are described below. 

To test whether there are indeed systematic differences between groups, the well·known 

chi-square test for contingency tables can be used. The test stati stic of the chi-squared test 

for a contingency table is often given in the fami liar form ECO - E)2 IE where 0 is the 

observed and E the expected count in a cell of the contingency table. In this case it can 

be written also as 

N C P . } _ p .) 2 I n j ~cc'--"-:':"'­
p ·CI - p.) } -I (3 .15) 

Where p.} and p. are as given above, N is the number of groups, nj is the number of 

I . I 'Ih samp es 111 t le J group. 

This statisti c follows approximately chi-square distribution with N- I degrees of freedom. 

The approximation is valid if the expected numbers of success and of fa ilures in each 

group, niJjand ni 1-p) , respectively, are at least I while 80 percent of them are at 

least 5 (Agresti , 2007). This condition wi ll not always be satisfied, and the chi-square test 

then may be seriously in error. For a large number of groups the null distribution of the 

test statistic of the chi -square can be approximated by a normal distribution with the 

cOlTect mean and variance (McCullagh and Neider, 1989). 
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A second test of heterogeneity ofpropOliions was proposed by Commenges and Jacqmin 

(1994). The proposed test statistic is 

N 

I {n ~ (n j P j - P .) 2 } - M P .( 1 - p.) 
z j = J 

P .( 1 - P.)~ 2 ~ I n j (n j - 1 ) 

(3 . 16 ) 

The statistic, Z, follows a standard normal distribution for large values of M under the 

null hypothesis. Thus, large calculated values of this statistic are indication of 

heterogeneous propOliions. In the statistic Z the numerator contains a weight of n~ while 

chi-square test uses a weight of nj- This shows that the two tests combine the groups in 

different ways. Hence, when the group sizes nj are different, it is possible that the two 

tests lead to different outcomes. The test stati stic Z is shown to have high power over the 

chi-square test and it can be applied whenever there are many groups, even with small 

group sizes, provided that no single group dominates. A rule of thumb for the application 

of this test is that there should be at least N=IO groups, the biggest group should not have 

n . th 
a relative larger than _1 = 0. 10 and the ratio of the largest group size to the 10 largest 

M 

group size should not be more than 10 (Snijders and Bosker, 1999). 

Estimation of between and within -groups variance: the theoretical variance 

between the group dependent probabilities, i.e., the population value of var(Pj ), can be 

estimated by: 
"2 - S2 _ S2 wthin 
r - befllleen ___ 

n 
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Where 

[ 

N 1 L n
2 

_ _ 1 M 1,, 1 J 
n--- ---

N - 1 M 

Between- groups variance: 

S 2 between Where X 2 is as given by equation (3. 15), and 

Within-groups variance: s 2 1 
= "n .p .(l - p . ). 

M _N L... JJ J 

3.3.2.1.2 The empty logistic regression model 

The empty two-level model also called null two-level model for a dichotomous outcome 
• 

variable refers to a population of groups (level-two units i.e regions) and specifies the 

probabili ty di stribution for group-dependent probabilities P j in Y;j=P j + & ij without 

taking further explanatory variables into account. We focus on the model that specifies 

the transformed probabilities f(p) to have a normal distribution. The general link 

functionf(p) is: 

J(p , ) = fJ O+U OJ (3.17) 

where, ~o is the population average of the transformed probabilities and U OJ the random 

deviation from this average for group ). If J (p) is the logil function, then f(p) is just 
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the log-odds for group j. Thus, for the logil link function, the log-odds have a normal 

distribution in the population of groups, and are given by: 

log il (p) =/3 o+U OJ (3. 18) 

2 

UOj - lID (0, (J u ) 

This model does not include a separate parameter for the level-one van ance. This is 

because the level-one residual variance of the dichotomous outcome variable fo llows 

directly from the success probability, as indicated by equation var(eij) =pil - p). The 

probability corresponding to the average value /30 ' denoted by Ir 0' is defined by 

For the logit function, the so-called logistic transformation of /30 , is defined hy 

1r 0= 10git(/30) = exp(/3o) (Snijders and Bosker, 1999). 
1 + exp(/3 0) 

(3. 18) 

The null model also serves as a "baseline model" for purposes of comparison with later, 

more complex models. Note that a model is "conditional" by the presence of predictors at 

level 1 or level 2. Since the researcher almost always employs predictor variables and is 

not simply interested in the null model, most mixed models are conditional. 

3.3.2.1.3 The random intercept logistic regression 
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Random intercept models are models where only the intercept of the level 1 dependent 

variable is modeled as an effect of the level 2 grouping variable and possibly other level 1 

or level 2 (or higher). Random intercept regression models are also called "means-as-

outcomes regression models." This variant of the random intercept model predicts the 

level 1 intercept on the basis of the level 2 grouping variable and also on the basis of one 

or more level 2 random effect predictors. Random intercepts are used to model 

unobserved heterogeneity in the overall response. This allows the overall probability of 

infant and child mortality to vary across Regions. 

In the random intercept logistic regression model, the intercept is the only random effect 

meaning that the groups differ with respect to the average value ofthe response variable. 

It represents the heterogeneity between groups in the overall response. The logistic 

random intercept model expresses the log-odds, i.e. the logit of Pij, as a sum of a linear 

function of the explanatory variables and a random group-dependent deviation UOj. That 

IS, 

k 

::=fJ OJ+ L fJ "XIIi) 
h ::: 1 , 

=/30+ I /3 hX hij +V OJ 
I",:] 

(3.19 ) 

where the intercept term PO) is assumed to vary randomly and is given by the sum of an 

average intercept /30 and group-dependent deviations, U Oj .That is fJ O}=fJ o+UO}. The 
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first part incorporating the regression coefficients f3 0+ ± f3 hX hij is the fixed part of the 
11 .. 1 

model, because the coefficients are fixed. The remaining part UOj is called the random 

part of the model. It is assumed that the residual, UOj are mutually independent and 

normally distributed with mean zero and variance ~ (Snijders and Bosker, \999). 

As a result 

k 

!ogit(Pij ) =fJo+ IfJ,hij . + U ,} 
II ", ] 

Solving for Pij we obtain 

• 
P 0+ :L P h X hi} + U 0 } 

e Jr _ 1 

P y = ~-----..-------­
P 0 + L P h X Iri} + U 0 J 

1 + e 11 . 1 (3.21 ) 

(3.20) 

Thus, a unit difference between the Xh values of two individuals in the same group is 

associated with a difference of /3" in their log-odds, or equivalently, a ratio of exp (/3,,) 

which is the odds ratio, comparing odds for individuals in the same group. U Oj is the 

effect of being in group j on the log -odds that y = I also known as a level 2 residual , (J2 o 

is the level 2 (residual) variance, 01' the between-group variance in the log-odds that y = \ 

after accounting for X. 

Note that the first part of the left-hand side of (3.20), incorporating the regression 

coefficients, is the fixed part of the model, because the coefficients are fixed. The 

remaining pat1, UOj is called the random palt of the model. 
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Random intercept models have many applications, for instance estimating the regional 

effects on under-five child mortality, adj usting for individual mother's level factors, and 

within the model , evaluate and compare the performance of the region 's infant and child 

mortality reduction. This can be done by obtaining the odds ratio for each region. This 

regional effect is a measure of the situation of infant and child mortality due to the region 

relative to the average of all regions. If the odd of under-five child mortality for regional 

effects is sufficiently larger than one, the region is considered to have performed worse 

than the average; if it is significantly smaller than one, the region is considered to have 

better performance than the expected (DeLong et al., 1997). 

3.3.2.1.4 The Random Coefficient multilevel Logistic Regression Model 

Random coefficients models are ones where the coefficient(s) of lower-level predictor(s) 

is/are modeled as well. Random coefficients model unobserved heterogeneity in the 

effects of explanatory variables on the response variable. 

In logistic regression analysis, linear models are constructed for the log-odds. The 

multilevel analogue, random coefficient logistic regression, is based on linear models for 

the log-odds that include random effects for the groups or other higher level units. 

Consider explanatory variables which are potential explanations for the observed 

outcomes. 

Denote these vari ables by X I, X2, ... ,Xk. The values of XI,(h= I , 2, ... , k) are indicated in 

the usual way by Xhij- Since some or all of these variables could be level-one variable, the 

success probability is not necessarily the same for all individuals in a given group. 

Therefore, the success now consider a model with group-specific regressions of logit of 

the success probabil ity, logit (Pij), on a single level one explanatory variable X 

(3.22) 
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The intercepts (JOj as well as the regressIOn coefficients, or slopes, (J Ij are group-

dependent. 

These group-dependent coefficients can be split into an average coefficient and the group 

dependent deviation: 

Substituting into equation (3.22) leads to the model 

(3.23) 

There are two random group effects, the random intercept UOj and the random slope U Ij-

It is assumed that the level-two residuals UOj and U Ij have means zero given the value of 

the explanatory variable X. Thus fJ I is the average regression coefficient like 130 is the 

average intercept. The first part of equation (3.23), fJ 0+ fJ IX lij is called the fixed part of 

the model and the second part, U o+U ,X lij is called the random part . The term U ,x 10 can be 

regarded as a random interaction between group and X. This model implies that the 

groups are characterized by two random effects: their intercept and their slope. These two 

group effects, U 0) and U ,) wi ll not be independent, but correlated. Further, it is assumed 

that, for different groups, the pairs of random effects (u 0 ) ,U I ) ) are independent and 
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identicaJIy distributed. The random intercept vari ance, val' (UOj) = do the random slope , 

variance, va]' (U Ij) = ~ , and the covariance between the two random effects COVal' (UOj, 

u Ij) = (J' 0 1 , are called variance components (Snijders and Bosker, 1999). 

The model fo r a single explanatory variable discussed above can be extended by 

including more variables that have ra!ldom effects. Suppose that there are k level-one 

explaJ1atory variables XI, X2, .. . , Xb and consider the model where all X-variables have 

varying slopes and random intercept. That is, 

p.24) 

Letting 

(3.25) 

, 
The fi rst part 

fJ ,+ I fJ • x " 
of thi s model, .-1 IS the fi xed part a!ld the second part 

, 
uo/+ L uly x lo.j 

h . I , is the random part of the model (Snijders and Boskers, 1999) 

3.3.2.1.5 Intra-class Correlation Coefficient (ICC) 
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The fundamental reason of using multilevel analysis is the existence of more similarities 

between mothers in the same Region than in different Regions. This leads to the 

existence of intra-class (intra-Regional) correlation of infant and child mortality. 

ICC is the degree of resemblance between level one units belonging to the same group. It 

is an indication of the proportion of variance at the second level (region) and it can also 

be interpreted as the expected (population) correlation between two randomly chosen 

individuals within the same group (loop ,20 I 0) 

In two- level model , the ICC is calculated in the intercept only model. This model can be 

derived from "Eq. (3 .23)" by excluding all explanatory variables, which results in the 

following equation: log i/(p) =fJ o+ U OJ' The ICC is then calculated based on the 

following formula: 

ICC (3.24) 

where, 0-; is variance of individual (lower) level units. 

Since the logistic distribution for the level one residual variance implies a variance of 

T(2/3 '" 3.29 (Snijders and Bosker, 1999) and this formula can be reformulated as: 

2 

ICC = (J" ,, 0 
2 

~ + 3.29 v 110 
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3.3.2.1.6 Parameter estimation 

Parameter estimation for multilevel logistic model is not straightforward like the methods 

for ordinary logistic regression. The most common methods for estimating multilevel 

logistic models are based on likelihood: Among the methods, Marginal Quasi Likelihood 

or MQL [Goldstein (1991), Goldstein and Rasbash (1996)] and Penalized Quasi 

Likelihood or PQL [Laird (1978) and Breslow and Clayton (1993)] are the two prevailing 

approximation procedures. Both MQL and PQL are based on Taylor series expansion to 

achieve the approximation. Based on the first and second term of Taylor expansion, MQL 

and PQL are often known as first order MQL and second-order MQL, first-order PQL 

and second-order MQL respectively. After applying these quasi likelihood methods, the 

model is then estimated using iterative generalized least squares (IGLS) or reweighted 

IGLS (RIGLS) [Goldstein (2003)]. 

Besides, there are other estimation methods: Maximum Likelihood Method (several 

simulation based; McCulloch (1997» , Bayesian methods using Markov Chain Monte 

Carlo (MCMC), adaptive Gaussian quadrature (AGQ) and the Iterative Bootstrap 

method. Using MCMC simulation technique has come to the forefront of statistical 

research over the last one and half decade [Gelfand et al. (1990)] and also it is being used 

with greater extent in multilevel modeling recently. 

3.3.2.1. 7 Significance testing 

As with ordinary least squares regreSSIOn or logistic regression, we can consider 

significance tests for individual estimates, such as intercepts, slopes, and their variances, 

as well as whether the full model accounts for a significant amount of variance in the 
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dependent variable. In between, there is also the possibi lity of determining whether the 

subset of predictors contri bute significantly. 

The fixed effects in multilevel regressIOn are typically tested in a familiar way, by 

creating a ratio of the intercept or slope estimate to the estimate of the standard error. The 

usual null hypothesis test is whether the coefficient, either intercept or slope, is 

significantly different from zero (i.e., is the population value zero or not). This kind of 

ratio, usually di stributed as a z or t, is used in many statistical tests (Newsom, 20 11 ). 

Where Ph is ei ther the intercept or slope coefficient and S.E (Ph) is the standard error 

estimate. 

In SPSS (and similarly in SAS, Stata, and MLwin), fixed effects tests involve the same 

ratio of the estimate to the standard error estimate, but significance is determined by the 

normal curve, so it is considered a z-test. The z-test is often referred to as a "Wald" test. 

Significance Testing for Random Effects 

Random effects tests examine hypotheses about whether the variance of intercept or 

slopes (or their covariance) is significantly different from zero. The tests of variances and 

covariances are made using a Wald z-test and chi-square test. The Wald test for 

variances is simply a ratio of the variance estimate divided by the standard error estimate . 
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Significance tests of variances (but not covariance) USIng this approach should be 

interpreted after dividing the p-Value from the output in half (i.e. , as a one-tailed test; 

Snijders & Bosker, 1999). 

Likelihood Ratio Tests for Multiple Parameters 

Another approach to significance tests involves a comparison of two "nested models." 

Nested model tests involve comparison of one model to another model that specifies only 

a subset of the parameters included in the first model (provided the same set of cases are 

used in both models). 

The likelihood ratio test compares the deviance (-2 log likelihood) of two models by 

subtracting the smaller deviance (model with more parameters) from the larger deviance 

(model with larger deviance). The difference is a chi-square test with the number of 

degrees of freedom equal to the number of different parameters in the two models. Any 

number of parameters can be compared in the two models. In the case where the empty 

model is compared to a full model , the likelihood ratio test provides information about 

whether the predictors in the model together account for a significant amount of variance 

in the dependent variable . 

Similarly, the overall model evaluation is also examined USIng Akaike Information 

Criteria (AIC) and Schwartz Information Criteria (BIC). The smaller the value, the better 

the model will be. 

AIC = -2 x In (likelihood) + 2 x k 

BIC = -2 x In (likelihood) + In (N) x k 
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where k is the model degrees of freedom calculated as the rank of variance- covariance 

matrix of the parameters and N is the number of observations used in estimation or, more 

precisely, the number of independent terms in the likelihood. 

Chapter four 

4. Statistical data analysis and results 

The objective of this chapter is to provide analysis of results about the effect of socio­

economic and demographic characteristics on under-five child mortality. The analysis 

was done using SPSS version 17 and STAT A version 11. 

This chapter is divided into four sections. The first section presents the results of 

descriptive analysis ; the second section, the results of cross tabulation analysis; the third 

section, analysis of the results obtained from multiple logistic regressions; and the last 

section, analysis of the results obtained from multilevel logistic regression. 

4.1 Results of descriptive analysis 

The distribution of socioeconomic and demographic background characteristics of 

mothers which affect under-five child mortality is presented in Table 4.1 below. A total 

of 11 ,250 mothers having live births were considered in tillS study. From these, 814 

(7.24%) have lost their under five children and 10,445 (92.84%) of the mothers had 

children survived at the time of the survey. 
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Table 4.1 Results of descriptive analysis of socio-economic and demographic factors. 

U nder-five mOl1al i y 
Variables Categories Yes Percentage NO Percentage Total 

Tigray 78 6.75 1,078 93.25 1,156 
Afar 95 8.65 1,003 91.35 1,098 
Amhara 88 7.03 1, 163 92 .97 1,251 
Oromia 122 7.06 1,607 92.94 1,729 

Region Somali 73 7.45 907 92.55 980 
Ben ishangul-Gu m uz 91 9.15 903 90.85 994 
SNNP JI 6 7.41 1449 92.59 1,565 
Gambe la 57 7.18 737 92.82 794 
Harari 43 6.71 598 93.29 64 1 
Addi s Ababa 11 2.96 361 97.04 372 
Dire Dawa 31 4 .63 639 95 .37 670 

Type of place of 
residence 

Urban 108 5.72 1,781 94.28 1,889 
Rural 697 7.45 8,664 92.55 9,3 61 

Mother 's educational 
level 

No education 589 7.48 7,288 92.52 7,877 
Primary 196 6.97 2,618 93.03 2,814 
Secondary 17 4. 58 354 95.42 371 
Higher 3 1.60 185 98.40 188 

Household has 
television 

Yes 63 5.74 1,034 94.26 1,097 
No 725 7.33 9,169 92.67 9,894 
Not a dejure resident 17 6.56 242 93.44 259 

Re li gion 
Orthodox 238 6.83 3,249 93 .17 3,487 
Catholic 11 10.38 95 89.62 106 
Protestant 144 6.75 1,990 93.25 2,134 
Muslim 391 7.40 4,896 92.60 5,287 
Traditional 9 9.38 87 90.63 96 
Other 12 8.57 128 91.43 140 

Number of household 
members 

1-5 45 7 9. 11 4,558 90.89 5,0 15 
6- 10 324 5.61 5,448 94.39 5,772 
11-1 5 19 4.80 377 95.20 396 
16 and above 5 7.46 62 92.54 67 

Sex of household 
head 
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Male 650 7.09 8,5 16 92.91 9,166 
Female 155 7.44 1,929 92.56 2,084 

Wea lth index 
Poorest 287 8.20 3,2 13 91.80 3,500 
Poorer 155 7.56 1,895 92.44 2,050 
Middle 127 6.99 1,69 1 93.0 1 1,818 
Richer 11 7 6.48 1,688 93.52 1,805 
Richest 11 9 5.73 1,95 8 94.27 2,077 

Tota l children ever 
born 

1-4 431 6.50 6,202 93.50 6,633 
5-8 289 7.65 3,490 92.35 3,779 
9 and above 85 10.14 753 89.86 

Age of mother a fi rst 
birth 

9-14 69 7.99 795 92.0 1 864 
15-19 462 7.6 1 5,606 92.39 6,068 
20-24 225 6.49 3,244 93.51 3,469 
25-29 36 5.23 652 94.77 688 
30 and above 13 8.07 148 91.93 161 

Current marital status 
Married 723 7.3 1 9, 174 92.69 9,897 
Living with partner 32 5.64 535 94.36 567 
Widowed 15 7.25 192 92.75 207 
Divorced 29 7.40 363 92.60 
No longer living 6 3.21 181 96.79 187 
together 

Husband/partner's 
Ed ucation level 

No education 453 7.79 5,362 92.2 1 5,8 15 
Primary 274 6.71 3,808 93.29 4,082 
Secondary 44 5.64 736 94.36 780 
Higher 27 5.76 442 94 .24 469 
Don ' t know 7 6.73 97 93.27 104 

Husband/paltner's 
occupation 

Jobless 11 6 5.8 1 1,880 94.19 1,996 
Managers 0 0.00 I 100 I 
Agricultural worker 617 7.64 7,464 92.36 92.36 
Trade worker 23 5.23 417 94.77 440 
Operator or assemb ler 9 4.27 202 95.73 2 11 
Laborer 40 7.86 469 92.14 509 
Other 0 0.00 12 100 12 

Mother's occupation 
Not working 430 6.99 5,721 93.01 6,151 
Professional/technica l 5 2.91 167 97.09 172 
Sales/services 115 6.55 1,641 93.45 1,756 
Agricultural 186 7.92 2,163 92.08 2,349 
Manual 69 8.39 753 91.61 822 
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Birth order number 
1-3 407 7.04 5,378 92.96 5,785 
4-6 255 7. 16 3,307 92.84 3,562 
7-9 120 7.74 1,43 1 92.26 1,551 
10 and above 23 6.53 329 93.47 352 

Sex of child 
Male 442 7.64 5,340 92.36 5,782 
Female 363 6.64 5, 105 93.36 5,468 

Months of breast 
feeding 

0-6 months 1 0.07 1,336 99.93 99.93 
7 -1 2 months 9 0.96 938 100 938 
13-18 months 2 0.23 868 99.77 870 
19-59 months 3 0.20 1,486 99.80 1,489 
Ever breast feeding, not 542 8.76 5,646 91.24 6, 188 
currently breast feeding 
Never breast fed 257 60.05 17 1 39.95 428 

Age of mother 
15- 19 50 10.12 444 89.88 494 
20-24 187 8.37 2,048 9 1.63 2,235 
25-29 215 6.09 3,3 13 93.9 1 3,528 
30-34 140 6.04 2, 179 93.96 2,3 19 
35-39 140 8.17 1,574 91.83 1,7 14 
40-44 50 7.00 664 93.00 714 
45-49 23 9.35 223 90.65 246 

The proportion of under-five child mortality varied from one region to another region 

with the highest proportion (9. 15%) of under-five child mortality recorded in 

Benishangul-Gumuz fo llowed by Afar (8.6%) and Somali (7.45%). However, the least 

proportion of under-five child mortality was observed in Addis Ababa (2.96%) followed 

by Diredawa (4.63%), Harari (6.7 1%) and Tigray (6.75%). Amhara (7.03%) and Oromia 

(7 .06%) had the same proportion of under-five child mortality which is less than the rate 

in SNNP ·(7.4 1 %) but higher than the rate in Tigray. 

Under-five child mOl1ality in urban areas was also different fro m the rate in rural areas. 

The proportion of under-fi ve child mortality in urban areas was 5.72% while it was 
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7.45% in rural areas . This shows that the rate of under-five child mortality in rural areas 

was about 1.3 times the rate in urban areas. 

Under-five child mortality was different for different levels of mother's education. 

About 7.48% of under- five children mortality was recorded for non-educated mothers 

while 6.97% of the children died before the age of 5 were born to mothers with primary 

education. About 4.58% of children born to mothers that have completed secondary 

school could not celebrate their fifth birth day while only 1.6% of children born to 

mothers that have completed higher education died. On the other hand the proportion of 

under-five child mortality was 7.79% for those born from those who completed 

uneducated fathers compared to 6.71% of under-five children born to primary educated 

fathers. But under-five child mortality was not remarkably different for those born from 

fathers who completed secondary and higher education with percentages 5.64% and 

5.76%, respectively. 

Moreover, the rate of under-five child mortality was different among the different 

religion categories. The highest proportion (10.38%) of under-five child mortality was 

observed among Catholic fo llowers followed by traditional followers (9.38%) but the 

least proportion (6.75%) of under-five chi ld mortality was observed among protestant 

followers followed by orthodox followers (6.83%). Number of household members 

indicated unexpected variation of under-five child mortality. The highest proportion 

(9. 11 %) of U5CM was observed among households of family size 1-5 followed by the 

households of size 16 and more (7.46%). On the contrary, households with 6-10 members 

had 5.61% U5CM next to households with 11 -15 members which accounted for 4.8% of 

under-five children death; 
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The proportion of under-five chi ldren death was nearly invariable for both sexes of 

household head. In contrast, wealth index of parents showed different proportion of 

under-five child mortality exposure. Children born to poor families had the highest 

proportion of mortality (8.2% for poorest families and 7.56% for poorer families) but 

children born to rich families had the least proportion of under-five child mortality 

(5.73% from richest fami lies and 6.48% from richer families). 

The experience of U5CM was high (10.14%) for households with a total of at least 9 

chi ldren ever born to the mother followed by households with a total of 5-8 children ever 

born to the mother ( 7.65 %). However U5CM was least (6.5%) for mothers with 1-4 

children. The proportion ofU5CM was 8% for mothers of age 9-14 years and for mothers 

aged 30 and above years at first birth. On the other hand, it was 5.23% for mothers in the 

age group of25-29 years at first birth followed by 6.49% and 7.61% for mothers aged 20-

24 years and 15-19 years respecti vdy. 

The risk of under-five chi ld mortality was different for the different categories of marital 

status. About 7.31% of the children died before the age of 5 were born to married 

mothers, 7.25% to widowed mothers and 7.4% to divorced mothers . These three 

categories of marital status had almost the same contribution. About 3.21 % of under-five 

children death was observed with mothers who were not living with their husbands or 

partners while 5.64% of the under 5 children death was recorded for mothers living with 

their partners. 

While 7.64% of the children died before the age of 5 were from agricultural worker 

fathers, 7.86% of the children who died were from fathers whose occupation was laborer. 
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5.8 1 %, 5.23% and 4.27% of under-five children death were observed for households 

where the fathers were jobless, trade worker and operator or assembler, respectively. 

Similarly the highest proportion (8.39%) of under-five children mortality was recorded 

for mothers whose occupation is manual followed by agricultural worker mothers who 

lost 7.92% of their under-five children which was still higher than the proportion for not 

working mothers who lost 6.99% of their under-five children. Conversely, only 2.91 % of 

the under-five children mortality was observed for mothers whose occupation was 

professional. 

There was no significant difference of under- five children survival for the different birth 

orders except the birth order number of 10 and above. The proportion of under-five 

children mortality for birth order numbers of 1-3 , 4-6 and 7-9 were 7.04%, 7.16% and 

7.74%, respectively. The percentage of female and male children surviving was 7.64%, 

6.64%, respectively. 

The highest percentage (60.05%) of never breast fed under-five children died while 

mothers who ever breast fed lost 8.76% of their children. No under-five children death 

was observed for mothers who breast fed from 7-12 months followed by 0.07% of under­

five children death for mothers who breast fed for 0-6 months. The highest percentage 

(10.12%) ofU5CM was recorded for mothers aged 15-19 years, 9.35% for mothers aged 

45-49 followed by 8.37% and 8.17% of U5CM observed for mothers aged 20-24 and 35-

39 years, respecti vel y. 
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4.2 Results of cross tabulation data analysis 

Cross-tabulation analysis, also known as contingency table analysis, is often used to 

analyze categorical (nominal or ordinal measurement scale) data. A cross-tabulation is a 

two (or more) dimensional table that records the number (frequency) of respondents that 

have the specific characteristics described in the cells of the table. 

The chi-square (X2) test is used to assess the relationship between two nominal or ordinal 

variables. It is a very general statistical test that can be used whenever we wish to 

evaluate whether frequencies that have been empirically obtained differ significantly 

from those that would be expected on the basis of chance or theoretical expectations. 

Chi-square stati stic does not give any information about the strength of the relationship 

and only conveys the existence or nonexistence of the relationships between the variables 

invest igated. 

Based on the result of the cross tabulation analysis, under-five child mortality was fo und 

to be associated with place of residence (p = 0.008), with mother's educational level 

(p=0.003) ,with number of house hold members(p=O.OOO) ,wealth index (p=0.008), 

husband/pm1ner's occupation (p=O.023),mother 's occupation (p=0.043),sex of child 

(p=0.039),months of breast feeding (p=0.000), age of mother (p=0.000) and region 

(p=0.003). (see the Appendix) . 
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4.3 Logistic regression analysis 

4.3.1 Estimation and goodness of fit test 

Multiple logistic regression analysis was used to identify the influence of each soc io-

economic and demographic variable on under-five child mortality. The analysis was done 

by using STA TA with stepwise variable selection method. 

Table 4.2 shows statistically significant variables and the maximum likelihood estimates 

of parameters where the significance of each parameter is tested using the Wald test. 

Table 4.2 Results of maximum likelihood estimates of parameters in fitting logistic 

regressIOn 

Variables with categories Coeffi cient Std. Z p>IZI Odds [95%Conf.lnterval 
Err ratio for OR] 

Months of breast feeding 25.12 .000' 
0-6 Months -7 .858 1.007 -7 .8 0.000 .0003 .000 .003 
6-12 months -5.280 0.355 -14.87 0.000' .005 .002 .010 
13-18 months -6.766 .718 -9043 0.000' .00 1 .000 .005 
19-59 months -6.884 .590 -11.68 0.000' .001 .044 .071 
Ever breast fed -2.877 .119 -24.2 0.000' .056 
Never breast fed(ref) 14.070 22042 1 
Birth order number 1.46 0.006' 
1-3(ref) 
4-6 .541 .188 2.88 0.004' 1.718 1.188 20482 
7-9 .603 .269 2.24 0.025' 1.827 1.079 3.093 
10 and above -.080 All -0. 190 0.846 .923 .412 2.067 
Age of mother at first birth 1046 0.143 
9-14 -.877 0408 -2. 15 0.032' 0416 .187 .926 
15-19 -.745 .373 -2.00 0.046' .57 1 .228 .987 
20-24 -.637 .362 -1.76 0.078 1.192 .260 1.074 
25-29 -.565 .387 - 1.46 0.144 0474 .266 1.213 
30 and above(ref) 
Total children ever born 4.32 0.000' 
IA(ret) 
5-8 0418 .185 2.26 0.024' 1.5 19 1.058 2.182 
9 and above 1.210 .287 4.21 0.000 ' 3.352 1.909 5.888 
Number of house hold 
members -8.77 0.000' 
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1-5(ret) 
6-10 -.942 .109 -8.61 0.000* .390 .3 14 .483 
11-15 -1.385 .279 -4 .96 0.000* .250 .145 A33 
16 and above -A47 .525 -0.85 0.394 .639 .228 1.79 
Mothers educational level -3 .33 0.001 * 
No education 1.877 .756 2A8 0.013 * 6.536 I A84 28.775 
Primary 1.808 .752 2A I 0.016* 6. 103 1.399 26.633 
Secondary 1.234 .750 1.65 0. 100 3.436 .790 14.945 
Higher(ref) 
Region -2.25 0.025* 
Tigray .640 .39 1 1.64 0.101 1. 896 .882 4.077 
Afar 1.079 .386 2.80 0.005 * 2.941 1.381 6.261 
Amhara .82 1 .388 2. 12 0.034* 2.273 1.063 4.86 1 
Oromia .767 .378 2.03 0.043 * 2.153 1.026 4.518 
Somali .526 .392 1.34 0.180 1.69 1 .785 3.646 
Benishangul-Gumuz .955 .3 85 2.48 0.013 * 2.600 1.221 5.534 
SNNP 1.039 .390 2.66 0.008* 2.826 1.3 15 6.07 1 
Gambela .890 A I6 2. 14 0.032* 2.436 1.078 5.505 
Harari .658 .396 1.66 0.096 1.932 .890 4. 194 
Addis Ababa(ref) 
Diredawa .396 A02 0.99 0.325 1.485 .676 3.264 
Age of mother -4.60 0.000* 
15-19 1.529 A05 3.78 0.000* 4.614 2.086 10.204 
20-24 .8 19 .357 2.29 0.022* 2.267 1.1 27 4.562 
25-29 .398 .328 1.2 1 0.225 1.489 .782 2. 833 
30-34 .032 .308 0.1 1 0.916 1.033 .565 1.887 
35-39 .206 .285 0.73 OA68 1.229 .704 2.1 48 
40-44 -.236 .299 -0.79 OA29 .790 A40 1.418 
45-49(ret) 
Constant -4 .736 1.1 2 1 -4 .23 0.000* 
" ." mdlcates sIgnIficance at a=O.OS. Re f-=reference 

The reference categories are sel"ected on the basis of low frequency of the event; ease of 

comparison and by default. STAT A codes the reference category as 0 and the remaining 

categories as I alternatively keeping others as O. 

In order to check the goodness-of-fit of an estimated multiple logistic regression model 

one should assume that the model contains those variables that should be in the model 

and have been entered in the correct func tional form. 
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The likelihood ratio test is used to test the goodness of fit of the model by comparing two 

nested models:-one with small number of explanatory variables and the other with more 

explanatory variables. Two models will be compared: one with no variable called empty 

(intercept only) model and the other with all variables called saturated (fu ll) mode l. 

The null hypothesis is: 

Ho: There is no significant difference between the empty model and the saturated model. 

Table 4.3 Result of Model Fit Statistics for Intercept only (empty) and Full Model 

Goodness of fit measure(for factor model) Empty model Full model 

Log like lihood(LL) -2921.5 109 -2194.5065 

A IC 5845.022 4427.0 13 

BIC 5852.3 5 4566.247 

From Table 4.3 , we can see that -2LL of the fu ll model is -2(-2194.5065) =4,389.013 and 

-2LLo of the intercept only model is -2(-2921.5109) =5,843 .0218 giving the difference of 

the deviances is (5843.0218-4389.013) = 1454.0088. Since log likelihood ratio test is Chi­

square distributed with 18 degrees of freedom, pel (18) > 1454.0088)=0.0000, we can 

reject the null hypothesis of no significant difference between the two models. We use 

AIC and BIC values to determine the better model. Table 4.3 shows that the full model is 

better than the empty model because AIC and BIC are smaller than for the empty model. 

The overall goodness of fit of the model was evaluated by Hosmer-Lemeshow goodness 

of fit test with the null hypothesis: 
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Ho: the model is a "good enough" fit to the data and we only reject the null hypothesis 

and decide it is "poor" fit if there are suffic iently strong grounds to do so (conventionally 

ifp<0.05). 

Table 4.4: Test of Significance of Hosmer-Lemeshow Goodness of Fit Statistics 

Hosmer-Lemeshow goodness offit test 

Chi-squere OF Prob>chi2 

9.29 8 0.3182 

The p-value as shown in the table (0.3182) is greater than 0.05 . Hence the model is a 

good fit to the data. 

We use the Wald test to check the overall significance of the coefficients and individual 

coefficients in the model. The values of the Wald test statistic are given in the 41h column 

of Table 4.2 and are used to test the hypothesis that an individual coefficient is zero. The 

p-values are given in 51h column of Table 4.2. 

Table 4.5 Wald test of all BETAs=O 

Chi square OF Prob>chi2 

72 1.11 17 0.0000 

Since p=O.OOOO as shown in Table 4.5, the global null hypothesis: 

Ho: PI = P2 = ... = ~k = 0 is rejected and we conclude that at least one coefficient is 

different from zero. 
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4.3.2 Interpretation of parameter estimates 

For a dichotomous variable the parameter of interest is the odds ratio. An estimate of this 

parameter is obtained from the estimated logistic regression coefficient, regardless of 

how the variable is coded. This relationship between the logistic regression coefficient 

and the odds ratio provides the foundation for our interpretation of all logistic regression 

results. 

When both the dependent and independent variables are both dichotomous, the odds ratio 

is the Probability that Y is ! when X is ! compared to the probability that Y is I when X 

is O. 

Logistic regressIon analysis of the contribution of socio-economic and demographic 

variables on ' under-five child mortality shows that husband/partner's education and 

occupation, the presence of TV in the household, mother's occupation, religion, place of 

residence, wealth index, marital status of mothers, sex of household head, age of mothers 

and sex of chi ld had no significant effect on under-five mortality. In contrast, the length 

of breast feeding, number of household members, age of the mother, number of children 

ever born to the mother, mother' s educational level , birth order number and region had 

significant effect on under-five child mortality. 

Odds ratio is a measure of association; it is an estimate of the risk of an exposed group 

relative to control group or unexposed (reference) group. Odds ratio less than I indicates 

negative relationsllip and odds ratio greater than I indicates positive relationship and 

odds ratio= ! indicates no relationship. 
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Table 4.3 shows that the risk of dying before the age of S for a child breast fed for 0-6 

months was nearly zero(OR=0.0003) relative to the risk for never breastfed under-five 

child controlling other variables in the model. Children breast fed for 7-12 months were 

99.S% less likely to die before the age of S than never breast fed children. The risk of 

dying before the age S for an ever breast fed child was 94.4% less than a risk of dying for 

a never breast fed child controlling other variables in the model. Birth order number of 4-

6 increased the exposure of under-five child mortality by about 72% (odds ratio= 1.718) 

as compared to bitth order number of 1-3 and under-five child mortality increases by 

82.7% (odds ratio= 1.827) for birth order 7-9 in compari son with birth order number of 1-

3. On the other hand, a child from families with S-8 children was S1.9% more li kely to 

die before the age of S compared to a child born to fami lies with 1-4 ever born children 

controlling for other variables in the model. The exposure of under-five child mortality 

for families with at least 9 ever born children was about 3.3S(odds ratio=3.3S2) times that 

for families with 1-4 ever born chi ldren to the mother. 

Children in households of size 6-10 were 61% (odds ratio=0.39) less likely to die before 

the age of S compared to children in households of size I-S. Children in households of 

size I I- IS were 7S% less likely to die before the age of S compared to children in 

households of size I-S. Children born to mothers with no education were more exposed 

to mortality than children born to mothers with higher education. That is, the ri sk of 

dying before the age of S of children born to uneducated mothers was about 6.S (odds 

ratio=6.S36) times the risk of dying of children born to mothers having higher education. 

Children born to mothers with primary education were about 6 (odds ratio=6.103) times 

more likely to die before the age of S than ch ildren born to mothers with higher 
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education. When we look at the regional differences in under-five child morta lity, the 

odds ratio of Afar is 2.941 implying that under-five child mortality in Afar is about 3 

times higher than that of Addis Ababa and the ri sk of under-five child mortality in 

Amhara and Oromia was about 2 (odds ratio of 2.273 and 2. 153 respectively) times 

higher than that of Addis Ababa showing that Amhara and Oromia had nearly the same 

rate of under-five child mortality. Unexpectedly, under-five child mortality in Somali was 

not signi ficantly different from that in Addis Ababa. Tills may be due to none coverage 

of all sample units as stated in EDHS 201 1 fi nal report. But children born in 

Benishangul-Gumuz had a risk of mortality about 3 (odds ratio=2.6) times higher than 

those of children born in Addis Ababa. Children in SNNP were about 3(odds 

ratio=2.826) times more likely to die before the age of 5 compared to children in Addis 

Ababa. This implies that Benishangul-Gumuz and SNNP had almost the same level of 

under-five child mortaEty compared to Addis Ababa. The exposure of under-five child 

mortality in Gambela was 2.4 (odds ratio=2.436) times higher than that for Addis Ababa. 

The likelihood of dying before the age of 5 for children born to mothers aged 15-19 

years is abo ut 5 (odds ratio=4.614) times more than the likelihood of dying for children 

born to mothers aged 45-49 years. 

4.3.3 Model diagnostics 

So far, we have di scussed some summary stati stics examined to check the goodness of fit 

of our model. Before conclud ing that the model is adequate, it is a common practi ce to 

examine other measures used to detect the presence of outliers and infl uential 

observations among others. 
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As can be seen in the Appendix values of the model diagnostic measures are less than 

unity. DFBETAs less than unity imply no specific impact of an observation on the 

coefficient of a particular predictor variable, Cook's distance less than unity showed that 

an observation had no overall impact on the estimated vector of regression coefficients p. 

A value of the leverage statistic less than one shows that no subject has a substantial large 

impact on the predicted values of the model (see the Appendix). Based on the above 

goodness of fit tests and diagnostic checking results, we can say that our model is 

adequate. 

4.4 Multilevel logistic regression analysis 

In thi s study two-level structures with mothers as first level units and regions as the 

second level units has been used. Mothers selected randomly from the same region are 

assumed to be more similar than mothers selected randomly from different regions. In 

this section three multilevel logistic regression models (namely empty model with 

random intercept, random intercept with fixed effects model and random coefficient with 

random intercept model) have been considered and model comparison, testing goodness 

of fit and interpretation of fixed effects in terms of odds ratio are presented. 

For the proper application of multilevel analysis in general and multileve l logistic 

analysis in particular the first logical step is to test for heterogeneity of proportions 

between gTOUpS (in our case between regions). The chi-square test was applied to assess 

heterogeneity among regions. The test yields -i= 26. 8208 with d.f 10 (P=0.003). Thus, 

there is evidence of heterogeneity among the regions. 
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4.4.1 The Empty model with random intercept 

The empty two- level model also called null two-level model for a dichotomous outcome 

variable refers to a population of groups (level-two unit i.e regions) and specifies the 

probability distribution for group-dependent probabilities, TCj. It is the model that 

incorporates onl y the grand mean and random intercept (regional effect) without 

covariate. 

It is given by: 10git(TCj) =~o + U Ojo where U Oj - IID (0, ~ '). vu 

The intercept ~o also known as the grand mean is shared by all regions while the random 

effect UOj also known as level two residual is specific to region j. It shows how the mean 

of under-five children m0l1ality in a pm1icular region deviates from the grand mean. 

2 

(J U is the between regions variance. The random effect is not directly estimated but is 

summarized in terms oftheir estimated variances. 

Table 4.6 shows the output of the estimates of fi xed effects and random effects. From the 

table we can see that the estimate of the fixed part of the model is -2.58 with z-value of -

40.95 and p- value of 0.000 which implies that the average log odds of under-five child 

mortality is significantly different from zero. The fi xed part of the model is interpreted as 

the grand mean of log odds of under-five child mortality with the odds of exp (-2.58) 

exp(-2.58) = 0.0704 

=0.076 and the average probability of under-five chi ld mortality 1 + exp(- 2.5 8) 

which means the chance of under-five child mortality is 7.04% on average. The table also 
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2 

contains the variance estimate of random effects at regional level, (Ju =0.0236 with 

confidence interval of [0.0037, 0.1523) which implies that the between region variance of 

under-five child mortality is 0.0236. At the bottom of the table there is the result of the 

2 

hypothesis Ho: (J u =0 is provided showing that there is no cross-regional variation in 

under-five children mortality. For this hypothesis, we see that the value of the test 

statistic is 3.11 with p = 0.0388. Therefore, the null hypothesis is rejected and there is 

evidence of heterogeneity or cross-regional variation in under- five children mortality. 

Table 4.6 stata xtmelogit output for random intercept only model 

U5DIED I Coef. Std. Err. z P>lzl [95% Conf. Interval] 

cons I -2.581583 .0630373 -40.95 0.000* [-2.705134 -2.458033] 
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval] 
REGION: Identity 

var( cons) .0235859 .0224429 [ .0036534 .1522661 
LR test vs. logIstIc regressIon: chlbar2(01) = 3.11 Prob>=chlbar2 = 0.0388* 

Model l Obs LL value df AIC BIC 
mO I 11250 -2919.954 2 5843.909 5858.565 

We can now write the model for the j'h region as logit(nj) =-2.58 +UOj . From the model 

we can say that the average probability of under-five child mortality in the absence of 

covariates in region j is less than the average when UOj is negative while it is higher than 

the average when UOj is positive. 

Table 4.7 shows the estimated values of UOj . The results indicate that the probability of 

under-five child mortality is below the average (7%) in Tigray,Harari, Addis Ababa and 

Diredawa while it is higher than the average in the remaining regions. The worst 

situation has been in Affar and Benishangul-Gumuz. 
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Table 4.7 Output of the estimate of random effect for each region. 

REGION Ui 
Tigray -.0196429 

Affar .1494067 
Amhara .0240968 

Oromiya .0089426 
Somali .0470699 

Benishangu .1953026 
SNNP .0471896 

Gambela .0122161 
Harari -.0248436 

Addis Abab -.21 94424 
Dire Dawa -. 1949519 

From Table 4.6 we can calculate intra-class correlation coefficient which is the measure 

of the correlation between two individuals who are in the same higher level unit (region). 

A low ICC indicates relatively small between region variations. From the table we have 

between regions variance of 0.0236 and level one variance of 1f.2/3 =3.29. From equation 

(3 .24) intra-class correlation coefficient is 0.0071 2 which is very small in fact. 

4.4.2 Random intercept model with fixed coefficients 

We now extend our discussion by including level-one covariates in the aforementioned 

model. The model obtained in this way is called multilevel logistic model with random 

intercept and fixed slope. 

In random intercept and fixed slope model, we allow the probability of under-five child 

mortality to vary across regions while mother' s level covariates including the fixed 

intercept are fixed or constant across regions. Table 4.8 contains the maximum likelihood 

estimates of fixed slopes and regional effects of the model. 
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Table 4.8 stata xtmelogit output fo r random intercept with fixed slope model 

Variables with categories Coef. Odds Std. Err of Z p>IZI [95%Conf.Interva 
ratio coef. I for odds ratio] 

Months of breast feeding 25.06 0.000' 
0-6 Months -6.809 .0004 . 1.007 -7.76 0.000' .000 .003 

7-1 2 months -5 .234 .005 .354 - 14.79 0.000 ' .003 .0 11 

13-18 months -6.694 .00 12 .7 17 -9.34 0.000 ' .0003 .005 
19-59 months -6.782 .001 1 .589 -I 1.52 0.000' .00004 .0036 
Ever breast fed -2.83 .059 . 11 6 -24.38 0.000' .047 .074 
Never breast fed(rel) 
Birth order number 1.25 0.02' 
1-3(rel) 
4-6 .548 1.730 .187 2.94 0.003' 1.200 2.495 
7-9 .629 1.876 .266 2.36 0.018' 1.1 2 3. 162 
10 and above -.04 12 .960 .407 -0.10 0.929 .432 2. 129 
Age of mother at first birth 1.56 0.116 
9-14 -.800 .449 .402 -1.99 0.047' .204 .989 
15-19 -.689 .502 .3 68 -1.87 0.06 1 .244 1.032 
20-24 -.590 .554 .356 -1.65 0.098 .276 1.11 5 
25-29 -.528 .590 .383 -1.38 0. 168 .279 1.249 
30 and above(rel) 
Total children ever bom 4.09 0.000' 
1-4(rel) 
5-8 .421 1.523 .183 2.30 0.022' 1.064 2.1 80 
9 and above 1.209 3.35 1 .284 4.26 0.000' 1.921 5.844 
Number of house hold members -8.63 0.000' 
1-5(roO 
6-10 -. 944 .389 .106 -8 .87 0.000' .3 15 .479 
11-15 -1.429 .239 .275 -5 .2 0.000' .140 .4 11 
16 and above -.386 .680 .5 14 -0.75 0.453 .248 1.864 
Mothers educational level -3.34 0.001' 
No education 2.007 7.439 .625 2.2 1 0.00 1 ' 2.1 86 25.320 
Primary 1.868 6.467 .627 2.98 0.003' 1.894 22. 14 1 
Secondary 1.355 3.876 .678 2.00 0.046 ' 1.027 14.626 
Higher(rel) 
Age of mother -4.71 0.000' 
15-1 9 1.441 4.225 .396 3.64 0.000' 1.943 9. 184 
20-24 .777 2. 175 .350 2.22 0.026' 1.096 4.318 
25-29 .362 1.436 .322 1.12 0.262 .763 2.700 
30-34 .001 1.001 .303 0.000 0.996 .552 1.81 5 
35-39 .171 1.187 .282 0.6 1 0.543 .683 2.062 
40-44 -.246 .782 .296 -0.83 0.407 .437 1.398 
45-49(rel) 
Constant -4.045 .728 -5.55 0.000' 

Random-effects Parameters Esti mate Std . Err. [95% Conf. Interval] 
REG ION: Identity 

varLcons) .034 .026 .008 .1 48 

LR test vs. logistic regression: chibar2(01) ~ 6.84 Prob>~chibar2 - 0.0045 

' .' ll1dlcates slgl1lficance for p<O.05 
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Table 4.9 model selection criteria and likelihood ratio test 

Empty model with random intercept Random intercept with 
fixed effects model 

Lo~ likelv hood(LL) -29 19.954 -2 122.936 
-2LL=deviance 5839.908 4245.872 
AIC value 5843.909 4301.872 
SIC value 5858.565 4507.059 
Likelihood-ratio test LR chi2(26) = 1594.04 
(Assumption: m2 nested in m I) Prob > chi2 = 0.0000 

The table contains estimates of the fixed slopes and associated odds ratios. Values of the 

Wald test statistic used for testing for the significance of individual predictors are given 

in the 5th column with the corresponding p-values in the 6th column. The Wald test of 

overall goodness of fit gives Wald chi2 (26) =880.94 with p =0.000 where 26 is the 

degrees of freedom . This indicates that all explanatory variables jointly are significant. 

From the table we see that the inclusion of level one covariates increased regional 

variations from 0.0236 (level-two variance without co variates) to 0.034 which may not be 

in fact expected. The likelihood ratio test in Table 4.9 shows that there is a significant 

difference between the random intercept only model and random intercept with fixed 

slope model. 

The deviance of the random intercept model , 5839.908 is reduced to 4245 .872 when we 

include covariates for the same random intercept which implies that the random intercept 

with fixed slope model is better than the random intercept only model. The BIC and AIC 

values in Table 4.9 also ensure this as the smaller the values of AIC and BIC the better 

the model is . 

Moreover, the values of chi2 (I) =6.84 and p=0.0045 (see Table 4.8) lead to the rejection 

of the null hypothesis that the random effect is zero as in the assumption of ordinary 
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logistic regression. From this we can conclude that the random effect at regional level is 

significantly different from zero. 

From Table 4.8 we see that all categories of months of breastfeeding (0-6 months, 7-12 

months, 13-18 months, 19-59 months and ever breastfed but have discontinued at the 

time of the survey) are significant for U5CM as compared to the reference (never 

breastfed) category. In addition birth order of 4-6, 7-9, number of children ever born (5-8 

and 9 and above), number of household members (6-10 and 11-15) are significant factors 

for U5CM as compared to their reference categories. 

Mothers' educational level (no education, primary education and secondary education) 

and age of mother (15-19 years and 20-24) significantly affected U5CM compared to the 

reference categories. 

A slight difference in the values of the odds ratio cOlTesponding to the two models was 

observed. While the two categories of age of mother at first birth (9-14 and 15-19 years) 

were significant in the ordinary (single level) logistic regression, only one category ( 9-14 

years) was significant in the random intercept model for the same reference category 

value. Similarly, all levels of education for random intercept with fixed effects model 

were significant compared to the reference level while secondary educational level in the 

ordinary logistic regression was not significant as compared to the reference level. . 

The most appropriate way of interpreting hierarchical logit model is odds ratio . There 

was almost no risk of dying before age 5 for a child born to mothers breastfed their 

children for 0-6 months relative to child born to mothers never breastfed their children. 

Children breastfed for 7-12 months were 99.5% less likely to die before the age of 5 
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(OR=0.005) as compared to children never breast fed controlling for the other variables in 

the model. Similarly the risk of dying before age 5 for chi ldren born to mothers who ever 

breastfed their children but have discontinued breast feeding at the time of the survey was 

94.1 %less than the risk of dying for children born to mothers who never breastfed their 

children controlling other variables in the model. The chance of under-five child 

mortality for birth order of 4-6 and 7-9 was 73% (OR= 1.73) and 87.6% (OR= 1.876) 

respectively higher than the chance of U5M for birth order of 1-3 when other variables 

are kept constant. Children born from mothers who gave 5-8 births and 9 or more 

children were 1.523 and 3.351 times more likely to die before the age of 5, respectively 

compared to chi ldren born to mothers with a total of 1-3 ever born children for constant 

effect of other variables. The risk of under-five chi ld mortality for families of size 6-.10 

and 11-15 was 38.9% (OR=0.389) and 23.9% (OR=0.239) times respectively the risk of 

U5CM for households of size 1-5. On the other hand, the risk of experiencing wlder -

five child mortality for mothers with no education was 7.439 times higher; about 

6.5(OR=6.467) times higher for mothers with primary education; about 3.9 (OR=3.876) 

times higher for mothers with secondary education than the risk of experiencing U5CM 

for mothers with higher education when the effect of other variables is controlled. 

Likewise, chi ldren born to 15-19 and 20-24 years old mothers were about 4.2(OR=4.225) 

and 2.2(OR=2. 175) times more likely to die as compared to the reference category 

keeping the effect of other variables constant. 

4.4.3 Random intercept with random coefficients model 

Multilevel logistic regression can allow the coefficient of level-one co variates to vary 
• 

across regions instead of keeping them fixed across regions. Now we are go ing to see the 
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effect of mothers' level co variates by allowing them to vary randomly across regions. 

This model contains fixed effects and random effects. The fixed effects are analogous to 

standard logistic regression coefficients and are estimated directly. The random effects 

are not directly estimated but are summarized in terms of their estimated variances and 

covariances. The random effects can take random intercepts (regional effects) and 

random coefficients (level-one covariates effect). In this section we investigate whether 

level-one covariates have random effects across regions or they have the same effects 

across regions . Estimates of this model showed that the variance of random slopes of all 

included variables is zero except for length of months of breast feeding and age of 

mother. This indicates that only the effects of length of breast feeding and age of mother 

on under-five child mortality varied across regions whereas the effect of other covariates 

for under-five child mortality remained fixed across regions. The results of the random 

slope estimates are given in Table 4.10 below. 

Table 4. 10 stata extmelogit outputs of random slopes model. 

U5DIED Coef. 
Std.E 

Z P>z 
Odds 95% CJ.For OR 

rr. ratio 
Months of breast feeding 25.02 0.000· 
0-6 months -8.188 1.145 -7.15 0.000' .0003 .000 .0026 
7-12 months -5.367 .507 -10.58 0.000' .005 .002 .013 
13-18 months -6.782 .765 -8.87 0.000· .00 1 .0002 .005 
19-59 months -6.805 .613 -1l.l0 0.000* .00 1 .0003 .003 
Ever breast fed -2.861 141 -20.34 . 000' .057 .043 . .075 
Never breast fed(ref) 
Birth order number 1.27 0.024· 
1-3(ref) 
4-6 .559 .187 2.99 0.003· 1.748 1.212 2.523 
7-9 .638 .267 2.39 0.0 17* 1.893 1.1 21 3.198 
10 and above -.01 .407 -0.02 0.981 .990 .446 2.200 
Age of mother at first birth 1.52 0.113 
9-14 -.820 .403 -2.0 I 0.045' .445 .202 .980 
15-19 -.695 .368 -1.89 0.059 .499 .243 1.027 
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20-24 -.594 .356 -1.67 0.095 .552 .274 1.110 
25-29 -.523 .383 -1.37 0.172 .593 .280 1.256 
30 and above(ref) 
Total children ever born 4.06 0.000' 
1-4(ref) 
5-8 .417 .184 2.27 0.023' 1.518 1.059 2.174 
9 and above 1.214 .285 4.26 0.000' 3.366 1.926 5.882 
Number of house hold 
members -8.63 0.000' 
1-5(ref) 
6-10 -.947 .107 -8.87 0.000' .388 .3 14 .478 
11-15 -1.413 .273 -5. 17 0.000' .243 .142 .4 159 
16 and above -.417 .511 -0.82 0.4 15 .659 .242 1.795 
Mothers educational level -3.34 0.001* 
No education 2.035 .631 3.22 0.001' 7.653 2.222 26.362 
Primary 1.890 .634 2.98 0.003' 6.623 1.913 22.926 
Secondary 1.355 .684 1.98 0.047' 3.878 1.01 5 14.809 
Higher(ref) 
Age of mother -3.79 0.000' 
15-19 1.414 .432 3.27 0.001 ' 4.113 1.762 9.599 
20-74 .779 .380 2.05 0.040' 2.179 1.036 4.584 
25-29 .376 .344 1.09 0.275 1.456 .742 2.856 
30-34 .0132 .3 18 0.04 0.967 1.013 .543 1.891 
35-39 .172 .290 0.59 0.554 1.187 .672 2.098 
40-44 -.220 .300 -0.73 0.464 .803 .446 1.446 
45-49(ref) 
Constant -4.073 .738 -5.52 0.000' 
Random-effects 

Estimate Std. Err. [95% Conflnterval] 
Parameters 
REGION: Unstructured 
var(AGEM) .007 .007 .001 .051 
var(MBFEED) .046 .046 .006 .330 

var( cons) 1.773 1.568 .313 10.041 
cov(AGEM,MBFEED) .0 16 .013 -.009 .0406 
cov(AGEM, cons) -. 108 .083 -.271 .056 
cov(MBFEED, cons) -.278 .266 -.800 .243 
LR test vs. logistic regression: chi2(6) = 14.29 Prob > chi2 = 0.0265 

Note: ref indicates reference and " , indicates significance at 5% significance level 

Wald chi2 (26) = 491.75 with p-value=O.OOO indicates that at least one population 

parameter is significantly different from zero. Moreover, the likelihood ratio (LR) test 
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shown at the foot of the table provides evidence that the logistic regression model with no 

intercept is rejecied by the data. This means that the variance-covariance of random 

effects of the population is significantly different from zero. 

The estimate of the fi xed intercept is -4.073 and the log-odds of the probability of under-

fi ve child mortality when all level one covariates are zero in region j is given by -

4.073+Uj where Uj is a random intercept with variance of 1.773(indicated in the table as 

var(cons)) which is the between-regions variance and standard error 1.568 . . In the 

absence of level-one covariates, the status of each region on under-fi ve child mortality as 

compared to the average child mortality measured with log odds depends on the sign of 

the random intercept, uj. When Uj is positive the log odds of under-five child mortal ity is 

higher than the average and when Uj is negative the log odds of under-five child 

mortality is less than the average. The individual region slopes of months of breast 

feeding (MBFEED) and age of mother (AGEM) vary with variance 0.046 and 0.007, 

respectively. 

The correlation matrix contains the estimated correlation between random intercepts and 

the random slopes. Positive correlation between intercepts and slopes implies that regions 

with higher intercepts tend to have on average higher slopes. The negative sign for the 

correlation between intercepts and slopes implies that regions with higher intercepts tend 

to have on average lower slopes on the corresponding predictors (see Table 4.11). 

Table 4.11 Random-effects correlation matrix for level REGION 

AG EM MBFEED Cons 
AGEM 1 

MBFEED .864 1 

Cons -.958 -.972 1 
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In order to see whether the inclusion of level one covariates with age of mother and 

duration of breastfeeding varying across regions significantly improved the random 

intercept only model, log likelihood ratio test, AIC. and BIC values have been used. The 

likelihood ratio test results are LR chi2 (3 1) = 160 1.49 (which is the difference between 

the deviance of random intercept only model and random intercept with random slopes 

model ; 5839.908- 4238.4 16) and p= 0.000 implying that there is a significant difference 

between the two nested models. The AIC( 4304.4 17)and BIC(4546.245) values for the 

random intercept with random slope model are less than the corresponding 

AIC(5843 .909) and BIC(5858.565) values fo r the random intercept only model indicating 

that the random intercept with random slope model is better than random intercept only 

model (see table 4.12). 

Table 4.12 results of model selection criteria and log likelihood ratio test 

Model selection Random intercept only Random intercept and random slop.: 
criteria model model 

Log likelihood -2919.954 -2 11 9.208 
Deviance 5839.908 4238.416 
AIC 5843 .909 4304.417 
BIC 5858 .565 4546.245 
Likelihood-ratio test LR chi2(31) = 1601.49 Prob > chi2 = 0.0000 

The likelihood ratio test of random intercept model versus random intercept with random 

coefficient model yields LR chi2 (5) = 7.45 which is the difference between the two 

deviances and p =0.1890 (where 5 is the degrees of freedom obtained by taking the 

diffe rence of the number of parameters in the two models) which implies that the null 

hypothesis of no difference between the two models is not rejected . Both the AIC 
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(4301.872) and BIC(4507.059) values of the random intercept model in Table 4.9 are less 

than the AIC(4304.4l7) and BIC(4546.245) values of the random intercept with random 

slopes model as shown in Table 4.12 indicating that the random intercept or covariance 

model is preferred though the difference between the two models is not significant. 

CHAPTER FIVE 

5. Discussion, conclusion and recommendation 

5.1 Discussion and conclusion 

, This study intended to identify the most important socio-economic and demographic 

determinants of under-five child mortality based on the 2011 EDHS data for the last five 

years before the survey. The descriptive analysis results indicated that under-five child 

mortality varied among the regions. The highest USC mortality was observed in 

Benishangul-Gumuz fo llowed by Afar and the least under 5 child mortality was observed 

in Addis Ababa fo llowed by Diredawa. This disparity could be due to unequal 

distribution of infrastructures and different socio-economic and demographic 

characteristics exercised in each region. Under-five child mortality showed an inverse 

relationship with education of mothers . As the level of education of mothers increased, 

child mortality rate decreased. Under- five child mortality showed unexpected U-shaped 

result corresponding to the number of household members in that the highest mortality 

was recorded in households of size 1-5 and 16 and more respectively. The lowest under-5 

child mot1ality was observed in the households of size 11-15 and 6-10 respectively. 
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Whether head of the household is male or female did not show any effect in under 5 child 

mortality while wealth index of the household had an inverse effect on under-five child 

mortality in that households having higher living standards had less under-five chi ld 

mortality. Age of mother at first birth showed the expected result that highest under-5 

child m0l1ality occurred for mothers aged 30 and above, 9-14 and 15-19 years and the 

least under 5 child mortality were observed for mothers in the age group 25-29 years 

which may be consistent with biological reasoning. A surprising result was that under­

five child mortality was lowest for mothers no longer living with their husband/p3I1ner. 

Birth order number showed a U-shaped relationship with under-five child mortality 

which is consistent with the result obtained by Desta Mekonen(2011) in that under-five 

child mortality is high for lower bil1h order and higher birth order. 

Professional/technical worker mothers experienced the least proportion of under-five 

child m0l1ality as compared to nonprofessional/technical mothers. This could be due to 

higher level of education of professional/technical worker mothers. An interesting 

descriptive result was obtained in months of breastfeeding. Child m0l1ality was lowest 

fo r those breastfed for 6 months and mortality increased slightly for increased months of 

breast feeding. The reason could be exclusive breastfeeding without complimentary foods 

after 6 months. Conversely, maximum under-5 mortality was observed for those who 

never breastfed. Child mortality was high for young mothers (below 20 years) and old 

mothers (older than 40 years) and our descriptive analysis ascertained this. Consistent 

with the report by UNICEF (2012), child mOliality was higher in rural place of residence 

than urban place of residence. 
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The results of the cross tabulation analysis showed that place of residence significant ly 

affected under-five child mortality similar to the find ings of Kummar and Gemechis 

(2010). This is due to the fact that children born in urban areas have access to health 

facilities and are in a better position to get proper nourishment and mothers are more 

exposed to mass media to learn how to care for their children. Similarly, level of 

mother's education and under-five child mortality had significant relationship which is in 

agreement with the findings by Mondal (2009). This is because higher level of education 

of women greatly changes family relationships positively and brings profound effects on 

chi ld care. Mother's education reinforces her ability to make use of government and 

private health care resources and it may increase the autonomy necessary to advocate for 

her child in the household and the outside world (Caldwell 1989). On the contrary 

husband /partner's educational level had no significant role in under-five child mortality 

which is in line with the findings of Mturi and Curtis (1995). This could be due to the 

increasing independent decision making power of mothers and fathers. Similarly, the 

availability of television in the household, religion of mothers and sex of household head, 

age of mother at first birth and birth order number were not significantly associated with 

under-five chi ld mortality. 

The number of household members and wealth index of the household were significantly 

affecting under-fi ve child mortali ty. Likewise, consistent with the results obtained by 

Tawiah (1979), both husband and mother's occupation showed a significant effect on 

under-five chi ld mortality. This may be reasonable as the type of occupation determines 

the standard of living of the household and wellbeing of the parents. On the other side, 
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mother' s occupation determines the length of time she spends with her child and provides 

care to her children 

Duration of breast feeding had an effect on under-five child mortality. Exclusive breast 

feeding for 6 months and with complimentary foods for the next months reduces 

mortality before age 5 as agreed by health professionals. Furthermore, the result that age 

of mothers played a significant role in under-five child mortality is consistent with the 

study by Mondal(2009).Additionally, sex of child and under-five child mortality were 

significantly associated. 

The logistic regression analysis confirmed that breastfeeding was an important factor in 

reducing under-five chi ld mortality. This is consistent with the conclusion given by 

Mondal (2009), Kwabena (2011), Tawiah (1979) and Desta Mekonnen (2011). Women 

living in developing countries have experience of prolonged breast feeding in alternative 

to other nutrition. Other factors being constant, birth order was a significant factor for 

under-five child llOltality. This result is consistent with the results obtained by Desta 

(2011). In this study it was shown that bilth order 4-6 and 7-9 significantly affected 

under-five child mortality compared to the 1-3 birth order number. Total number of 

children ever born to the mother had a significant effect on under-five child mortality 

which is in line with the conclusion given by Kwabena (2011). Under-five child mortality 

increased by about 1.5 and 3.4 times in households with 5-9 and at least 9 children ever 

born compared to households with 1-4 chi ldren ever born. As the number of children ever 

born to a mother increased, the more probable that under-five child mortality will occur 

because of insufficient supply of food and inadequate care the child received from its 

mother. Other factors being constant, number of household members significantly 
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affected under-five child mortality. Households of size 6-10 and 11-15 were affecting 

under-five child mortality compared to households of size 1-5 Desta Mekonnen (2011), 

using EDHS 2005 data reported similar finding. 

Education plays a significant role in reducing under-five child mortality, particularly 

maternal education has a greater contribution towards the reduction of under-five child 

mortality. In line with this, Caldwell (1989) found that infant and child mortality in 

Nigeria was highly associated with mother's education. In India, Avind Pandey,et al 

(1998) found a significance relationship of mother's education and infant and child 

mortality. Kwabena (2011) in South Africa and Kumar and Gemechis (2010) in Ethiopia 

found similar results that mother's education and under-five child mortality were 

significantly associated. This study found that children born to mothers with no education 

were highly exposed to mortality than children born to mothers with higher education. 

However, father 's level of education, which can playa crucial role in reducing under-five 

child mortality, was not significantl y affecting under-five child mortality. 

It is expected that regional variations exist in under-five child mortality due to unequal 

distribution of infrastructures and health care faci lities and different socio-economic and 

cultural experiences. This study showed that disparities of under-five mortality prevailed 

among regions. A similar result was found in Kenya by Mustafa and Odimegwu (2008). 

Households in Afar, Amhata, Oromia, Benishangul-Gumuz, SNNP and Gambela 

experienced higher under-five child mOliality than households in Addis Ababa. But 

unexpected result was obtained in Somalia region in that it was not significantly different 

from Addis Ababa 
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Children born to very young mothers and older mothers were likely to have higher risks 

of mortality. Very young mothers may experience difficult pregnancies and deliveries 

because of their physical immaturity. They are also likely to have limited knowledge and 

confidence in caring for infants and young children. Old mothers may also experience 

age-related problems during pregnancy and delivery. Thus we expect aU-shaped 

relationship between mother's age at childbirth and infant and child mortality (Arvind 

Pandey 1998). In line with this, age of mothers was significantly affecting under-five 

mortality. 

Place of residence, possession of TV in the household, religion, sex of household head, 

wealth index, marital status of mother, both mothers and father 's occupation and sex of 

child were not found significant. Similar significant effects were observed in the 

multilevel analysis except the fact that all educational levels of mothers had no positive 

effect on under-five child mortality as compared to higher educational level. 

5.2 Conclusion 

Months of breast feeding was a predominant factor in reducing under-five child mortality 

and birth order number of 4-6 increased the exposure of under-five child mortality by 

about 72% compared to birth order number of 1-3. Under-five child mOl1ality increased 

by 82.7% for birth order 7-9 in comparison with birth order number of 1-3 . A child from 

families with 5-8 children was 51.9% more likely to die before the age of 5 compared to a 

child born to families with 1-4 ever born children and under-five child mortality for 

families with at least 9 ever born children was about 3.35 times that for families with 1-4 

ever born children. 
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Mothers ' educational level was also an important factor affecting under-five child 

mortality. That is, as the level of mothers' education increased, the level of mortality 

decreased. Children born to mothers aged 15-19 years were about 5 times more likely to 

die before the age of 5 than children born to mothers aged 45-49. Children born to 

mothers aged 20-24 were about 2.3times more likely to die before the age of 5 than 

children born to mothers aged 45-49. The significant effect of number of household 

members was unexpected and further examination is recommended. The risk of dying 

before the age of 5 in Afar, Amhara, Oromia, Benishangul-Gumuz, SNNP and Gambela 

were significantly higher than that for Addis Ababa. The multilevel analysis region 

revealed that there was unobserved heterogeneity across regions and attention should be 

given to regions while formulating under-five child survival policies. 

5.3 Recommendations 

Based on our findings, the following are recommended in order to reduce under-five 

child mortality. 

);> Breast feeding of new born babies for at least 6 months should be increasingly 

advocated. 

);> Exclusive breastfeeding practices for children aged 0-6 months should be 

promoted. 

);> Investments on infrastructures and health care facilities should be based on needs 

by each region. 

);> Efforts should be made to educate women to at least to secondary level. 

);> Mother and child health care services should be strengthened 
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;.. There should be a good supply of birth control methods to mothers for usage so 

that they give birth to small (not more than 4) number of children. 
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Appendices 

Appendix A: results of cross-tabulation analysis 

tab PR U5DlEO,r chi2 

Type of place of residence Under-five Child died 
No 

Urban 1,781 
rural 8,664 
Total 10,445 
Pearson c1112( 1) - 7.0685 Pr - 0.008 

tab MEDU U50fEO,chi2 

Yes 
108 
697 
805 

Mothers: educational leve Under-five Child died 
no yes 

No education 7288 589 
primary 2618 196 
Secondary 354 17 
Higher 185 3 
total 10445 805 
Pearson chI2(3) - 13. 8276 Pr - 0.003 

tab HTV U50IEO, ch i2 

94 

total 

1,889 
9,36 1 
11 ,250 

Total 

7877 
2814 
37 1 
188 
11250 



House hold has TV Under-five Child died 
no yes 

No 9 169 725 
yes 1034 63 
Not a dej ure resident 242 17 
total 10445 805 
Pearson ch12(2) = 3.8728 Pr = 0.144 

ta b RELI G ION U5D IED, chi2 

re ligion Under-five Child died Total 
no yes 

Orthodox 3249 238 3487 
Catholic 95 II 106 
Protestant 1990 144 2 134 
Muslim 4896 391 5287 
Traditional 87 9 96 
Other 128 12 140 
total 10445 805 11250 
Pearson ch12(5) = 4.3547 Pr = 0.500 

tab NHM U5D IED, chi2 

total 

9894 
1097 
259 
11 250 

Number of household members Under-five Child died 
no 

1-5 4558 
6-1 0 5448 
I 1- 15 377 
16 and above 62 
total 10445 
Pearson cl1I2(3) = 52.90 11 Pr = 0.000 

tab SEXH U5DIED, chi2 

Sex of household head Under-five Child died 
No 

Ma le 85 16 
Female 1929 
total 10445 
Pearson cl1I2( I) - 0.3063 Pr - 0.580 

tab WINDEX U5 DIED, chi2 

Wealth index Under-five Child died 
no yes 

Poorest 3213 287 
Poorer 1895 155 
Midd le 169 1 127 
Richer 1688 117 
Richest 1958 119 
total 10445 805 

yes 
650 
155 
805 

Total 

3500 
2050 
1818 
1805 
2077 
11250 

yes 
457 
324 
19 
5 
805 

Tota l 

9 166 
2084 
11 250 

95 

Total 

501 5 
5772 
396 
67 
11250 



Pearson chi2(4) = 13 .9243 PI' = 0.008 

tab TCHBORN U5DfED, ch i2 

Tota l children ever born Under-five Child qied 
no 

1-4 6202 
5-8 3490 
9 and above 753 
total 10445 
Pearson chI2(2) = 16.9552 PI' = 0.000 

tab AGEFIRST U5DIED, chi2 

yes 
43 1 
289 
85 
805 

Total 

6633 
3779 
838 
11250 

Age of mother at first bilth Under-five Child died total 
no yes 

9-14 795 69 
15-19 5606 462 
20-24 3244 225 
25-29 652 36 
30 and above 148 13 
Total 10445 805 
Pearson chI2(4) = 9.1893 PI' = 0.057 

tab CMSTATUS U5DfED, chi2 

Current marital status Under-five Child died 
No 

Married 9174 
Living with partner 535 
Widowed 192 
Divorced 363 
No longer living together 181 
total 10445 
Pearson c1112(4) - 6.7068 PI' - 0.152 

tab HEDU U5DIED, chi 2 

yes 
723 
32 
15 
29 
6 
805 

Husba nd educational leve l Under-five Child died 
No yes 

No education 5362 453 
Primary 3808 274 
Secondary 736 44 
Higher 442 27 
Don ' t know 97 7 
total 10445 805 
Pearson chl2(4) = 8.8344 PI' = 0.065 

tab HOCCUP U5DIED, chi2 

96 

864 
6068 
3469 
688 
161 
11 250 

Toatal 

9897 
567 
207 
392 
187 
11250 

Total 

5815 
4082 
780 
469 
104 
11250 



Husband occupation Under-five Child died Totoal 
No Yes 

Jobless 1880 11 6 1996 
Agricultural worker 7464 6 17 8081 
Trade worker 41 7 23 440 
Operator or assembler 202 9 2 11 
Lobourer 469 40 509 
Other 13 0 13 
total 10445 805 11 250 
Pearson c1112(6) - 14.7208 Pr - 0.023 

tab MOCCUP USDrED, chi2 

Mother's occupation Under-five Child died Total 
No Yes 

Not worki ng 572 1 430 
Professional/techn ica l 167 5 
Sales/services 164 1 11 5 
Agricultural 2163 186 
Manual 753 69 
total 10445 805 
Pearson ch12(4) = 9.8523 Pr = 0.043 

tab BORD U5DrED, chi2 

Birth order number Under-fi ve Child died 
No Yes 

1-3 5378 407 
4-6 3307 255 
7-9 1431 120 
10 and above 329 23 
total 10445 805 
Pearson c1112(3) - I. I 195 Pr - 0.772 

tab SEX U5DIED, chi2 

Sex of child Under-five Child died Total 
No Yes 

Male 5340 442 
Female 5 105 363 
Total 10445 805 
Pearson c1112( I) = 4.2793 Pr = 0.039 

tab MBFEED U5D1ED, chi2 

5782 
5468 
11250 

6151 
172 
1756 
2349 
822 
11 250 

Total 

5785 
3562 
1551 
352 
11 250 

Months of breast feeding Under-five Child di ed 
No Yes 

0-6 months 133 6 I 
7-12 months 938 0 
13-18 months 868 2 
19-59 months 1486 3 

97 

Total 

1337 
938 
870 
1489 



Ever breastfed, not currently breastfed 5646 
Never breast fed 171 
Tota l 10445 
Pearson chI2(5) = 2.2e+03 Pr = 0.000 

tab AGEM U5D IED, chi2 

Age of mother Under-five Child died Total 
No Yes 

15- 19 444 50 494 
20-24 2048 187 2235 
25-29 2179 140 23 19 
30-34 1574 140 17 14 
35-39 1574 104 1714 
40-44 664 50 7 14 
45-49 223 23 246 
Total 10445 805 11 250 
Pearson chl2(6) - 26.2794 Pr - 0.000 

tab REGION U5D IED, chi2 

Region Under-five Child died 
No Yes 

Tigray 1078 78 
Afar 1003 95 
Amhara 1163 88 
Oromia 1607 122 
Somali 907 73 
Beni shangul-G umuz 903 9 1 
SNNP 1449 11 6 
Gambela 737 57 
Harari 598 43 
Add is Ababa 361 II 
Diredawa 639 3 1 
Toatl 10445 805 
Pearson chl2( 1 0) = 26.8208 Pr = 0.003 

Total 

11 56 
1098 
1251 
122 
980 
994 
1565 
794 
641 
372 
670 
11 250 

98 

542 6188 
257 428 
805 11 250 



Appendix B: Summary of descriptive statistics for Outliers and Influential observations 

diagnostics 

Descriptive Statistics 

N Minimum Maximum 

Predicted probability 1125 0.0000 174 0.8893694 

Analog of Cook's influence 
11 250 0.000074 0.89573 1 

stati stics 

Leverage value 11250 0.0000273 0.1 5087 12 

DFBETA for AGEM(15-19) 
11250 

0.003968 0. 19 17447 

DFB ETA for AGEM(20-24) 11250 0.000339 0.7456798 

DFBETA for AGEM(25-29) 11 250 0.0003066 0. 14959 11 

DFBETA for AGEM(30-34) 11 250 0.0000959 0.445777 

DFBETA for AGEM(35-39) 11250 0.00050 14 0.1909302 

DFBETA for AGEM(40-44) 11 250 0.0005679 0.6689607 

DFBETA for AGEM(45-49) 11250 0.0004444 0.0006065 

DFBETA fo r REG ION 

DFBETA for Tigray 11250 0.00245 82 0.1806753 

DFBET A for Amhara 11250 0.0001988 0.1495911 
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DFBETA for Oromia 11250 0,0003161 0,268823 6 

DFBETA for Somali 11250 0,0001789 0,6899701 

DFBETA for Benishangul 11250 0,0006058 0,7 14471 

DFB ETA for SNNP 11 250 0,0002063 0,84 15708 

DFBETA for Gambela 11 250 0,0006256 0,6592283 

DFB ETA for I-I arari 11 250 0,0002529 0.449236 

DFBETA for Afar 11 250 0,000548 0,6098817 

DFBETA for Diredawa 11 250 0,0000195 0,611441 

DFBETA for Addis Ababa 11 250 0,0000174 0,6973433 

DFBETA for NHM 

DFBETA for N I-IM ( 1-5) 11 250 0,0003406 0,69734333 

DFBETA forNHM(6-10) 11250 0,0001947 0,0619285 

DFBETA forNI-IM(II-15) 11 250 0,0001886 0,0370294 

DFBETA for NHM(16 and 
11 250 0,000586 0,6562303 

above) / DFBETA for TC I-IBORN 

DFB ETA for TCHBORN( I-
11 250 0,0003406 0,6973433 

4) 

DFBETA for TCHBORN(5-
11250 0,0006874 0,098 1652 

8) 

DFBETA for TCHBORN(9 
11 250 0,00143 5 0,6447405 

above) 

DFBETA for AGEF1RST 

DFBETA for 
11250 0,0004827 0,077487 

AGEFIRST( 15-1 9) 

DFBETA for 
11 250 0,0002063 0,1495911 

AGEFIRST(20-24) 

DFBETA for 
11 250 0,0006065 0,6973433 

AG EF1RST(25-29) 

DFBETA for AGEFlRST(30 
11 250 0,0005028 0,1888547 

and above) 

DFBETA for BORD 
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OF BETA for BORD(I-3) 11 250 0.0003406 0.08320 II 

OFBETA for BORD(4-6) 11250 0.0004827 0.0981652 

OFBETA for BORD(7-9) 11250 0.0003813 0.0755653 

OFBETA for MBFEEO 

OFBETA for MBFEEO(0-6) 11250 0.0002378 0.0007698 

OFBETA for MBFEEO(7-
11 250 

0.0049236 0.0 13902 
12) 

OFBETA for MBFEEO(13-
11 250 

0.0015572 0.0016765 
18) 

OFBETA for MBFEEO(19-
11250 

0.0004534 0.0017616 
59) 

OFBETA for MBFEEO(ever 
11250 

0.0538575 0.2696815 
breastfed) 

OFBETA for 
11250 

0.36 15084 0.8957312 
MBFEEO(never breastfed) 

OFBETA for MEOU 

OFBETA for MEOU(no 11 250 0.0002063 0.7456798 
education) 

OFBETA for 
11250 

0.0004864 0.6973433 
MEOU(primary) 

OFBETA for 
11250 

0.0000641 0.0239362 
MEOU(secondary) 

OFBETA for MEOU(higher) 11 250 0.0000353 0.213977 
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