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Abstract 

Panel data analysis of fertility and its proximate determinants in developing 
nations, using Demographic Health Survey, 1984 to 2014 

 

Jembere, Gizachew Balew 

Department of Public Health Science 

Graduate School of Public Health 

Seoul National University 
 

Introduction: The global population is predicted to reach 9.8 billion by 2050 

from its current figure of 7.4 billion. More than 97 percent of the future 

population is expected to come from the developing world; which exerts its 

pressure to the already existing weak economy. This necessitates understand ing 

of fertility trends and their predictors, an important factor for population growth, 

to be a growing concern between governments and development partners. 

Among the various concepts related to fertility, this research focuses on the 

proximate and distal determinants approach developed by Davis and Blake and 

evolved across time to understand fertility and its predictors in the developing 

nations. 

Objective: The main objective of this study is to understand the trends in fertility 

reduction across developing nations and explain those variations applying the 

principles of proximate and distal determinants using data from demographic 

and health surveys.   

Methods: This is a quantitative study based on aggregate national data retrieved 

from the demographic and health surveys collected from 1984 to 2014. A total 

of 142 complete country-year surveys having more than one repeated surveys 
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were analysed for changes in total fertility using both decomposition techniques 

for proximate determinants and a fixed effects and random effects panel data 

analysis for both distal and proximate determinants.  The data exploration and 

statistical analysis is accomplished using the “plm” package in R statistica l 

program and model selection was done using panel Hausman test.  

Results: Across the last three decades, fertility in most developing countries has 

significantly declined, despite the stagnation, indeed regression of pace of 

fertility decline in most regions. Decomposition of total fertility using proximate 

determinants predicts more than 80% of the observed fertility. It also shows 

contraceptive use to be the principal factor for the reduction in total fertility, 

explaining more than 75% of fertility differentials in South and South East Asia 

and Latin America, where as it explains around 50% of the fertility reduction in 

Sub-Saharan Africa. At the same time index of sexual activity contributes for an 

average of 25% change in total fertility in Africa, while being insignificant 

almost in all other regions. On the contrary, the reduction brought by 

contraceptive use is offset by a positive gain in total fertility from a decline in 

the effect of post-partum infecundity. A fixed effects panel multivariate analysis 

of total fertility rate versus proximate determinants also confirms this 

association, where a unit change in index of contraception and infecundity lead 

to gain by 2.47 (se=.67) and reduction by 3.9(se=1.49) of total fertility 

respectively, while the effect of sexual activity still being insignificant. 

Results from fixed effects and random effects model for analysis of the distal 

predictors of fertility similarly have revealed a statistically significant negative 

relationship between average change in total fertility versus secondary education, 

population density and urbanization, while nonlinearly related to Infant 

Mortality Rate, reaching its maximum at infant mortality rate of 150. Access to 

media was found to be a strong factor for fertility decline, making the effect of 
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urbanization and population density on changes in fertility to disappear. On the 

contrary, ethnic fractionalization, income per capita and external resource for 

health were all found to be insignificant contributors for fertility reductions. 

Conclusions: Fertility is declining in most developing nations by the joint effect 

of proximate and distal determinants, especially as a result of increased access 

to contraceptive utilization and secondary education.  

Recommendations: Fertility reduction interventions need to strengthen 

contraceptive utilization and access to secondary education while giving extra 

emphasis on promoting culturally sound interventions that can exploit the 

contribution of post-partum infecundity and delays in age of marriage. 
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Overview of the Dissertation  

This dissertation is all about understanding the proximate and social 

determinants of total fertility rate in the developing world using data from DHS 

for the last three decades, 1984-2014.  The thesis is organized in to six chapters; 

introduction, Literature review, methods, results, discussion and conclusion and 

recommendations. In most of these chapters the order of the material follows 

presenting research findings on decomposing of trends in total fertility, 

proximate determinants of fertility followed by social determinants of fertility 

and their contribution to total fertility. 

Chapter one of the paper introduces the statements and rational to conduct this 

study. It presents major evidences in the area of fertility, its predictors and major 

theories about fertility issues. We have also incorporated the purpose of the 

study, specific objectives, hypothesis and a brief introduction of the 

methodological approaches, which will give the reader a clear direction of what 

the dissertation is all about. Chapter two on the other hand details existing 

literatures and arguments about fertility determinants and trends and explores 

the recent methodologies and approaches in the analysis of trends in fertility and 

its determinants.  

Chapter three which deals with the details of the methodologies presents our 

study design, sources of data, and types of variables, data transformations, 

quality assurance mechanisms and data analysis methods used. Most of these 

data comes from demographic and health survey conducted by the US Agency 

for international Development, whereas, some socio economic predictors are 

also retrieved from the World Bank and UN data sources. Data transformation 

on the other hand uses log transformation (for economic data), odds ration 

transformation and/or arc sine transformation for proportion data. It also 
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presents every variable and how it is organized for further analysis, includ ing 

our ethical clearance to conduct such study. This section also explains the major 

analytical frameworks: decomposition methods, fixed effects and random 

effects panel data designs.  

Chapter four which takes the biggest share in our document presents trends of 

fertility across regions and decomposition results of total fertility using its 

proximate determinants. It further explores the percentage contribution of these 

proximate determinants on fertility reduction.  A detailed univariate and 

bivariate analysis of the fertility determinants, both proximate and distal factors 

was also presented. Finally the multivariate fixed effects and random effects 

panel model results were presented.  

The discussion section presents the major findings and discusses the meaning 

and interpretation of these findings both from the decomposition and 

multivariate analysis. Findings were also discussed in comparison with previous 

studies. Lastly the conclusion and recommendations section, chapter six, 

presents the major conclusions and our recommendations for further application 

and policy measures to strengthen efforts in fertility reduction. 



1 

Chapter 1: Introduction 

Most countries in the developed world underwent a marked fertility decline during 

the 20th century. This major phenomenon in human history swept across cultures 

and religions and is expected to have enormous consequences for the ecological 

balance between humans and the environment (1). Nonetheless, more than 97% of 

the world population growth is estimated to come from  developing countries only; 

whereas by 2050, Africa’s population is projected to increase to 2.4 billion from 

1.1 billion today (2, 3). This will affect a multitude of developmental activities in 

these resource poor settings. Addressing a meaningful youth developmenta l 

concerns and maternal and child health challenges needs a better policy planning 

and implementation that understands fertility and its predictors. This makes fertility 

studies in most parts of the developing world to be of current great interest among 

government bodies, international development partners and demographers.   

Fertility is a complex phenomenon that results from the interplay of various 

physiological, psychological, socio-cultural, economic and political issues. In most 

parts of Africa and South East Asia, however, evidences on fertility transition are 

poorly understood due to the absence of vital registration. Nonetheless, existing 

data, especially DHS, suggest that fertility decline is underway in large parts of 

Africa (4), even if little is known about changes in both the socio economic and 

proximate determinants that are contributing to the reduction in fertility. On the 

other hand, there are still many countries in the developing world where fertility 

reduction has stagnated.  This necessitates the importance of studies on factors 

underlying fertility decline and potential strategies on how to bring fertility 

transition and best use of demographic dividend for the socio economic 

development of those countries.  
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For a better understanding of fertility models, it is crucial to review the underlying 

theories on fertility decline.  To start with, the socioeconomic theorists argue that 

changes in social and economic conditions are important to give couples incentives 

to limit their fertility. The Demographic Transition Theory (5) and the Neo classical 

Micro  Economic Theory (6-9) are considered to be the most prominent in this 

theory. The demographic transition theory justifies that modernization makes 

children very costly and changes the culture that may lead to a shift in societal 

value from emphasizing on quantity of children to their quality. Most analyses of 

childbearing decisions have their root in the micro economic model pioneered by 

Becker and Eisenstein; who argued that demand for children is a function of their 

costs and of individuals’ preferences. Becker also associates  higher fertility to 

lower level of economic development A similar view is reflected by Easterlin (10), 

an economist who argue that fertility motivation is influenced primarily by changes 

in the actual or perceived economic costs and benefits of children (11).  

While on the other hand ideational or diffusion theorists focus on the development 

and spread of new technologies and information for limiting fertility. They claim 

that fertility decline in developing countries can come without accompanying 

changes in economic development. They forward “diffusion of ideas about fertility 

regulation”, to be more important in giving women better opportunities to access 

family planning information and services, which depends on extent of breaching 

traditional norms and values (12). Despite these and other existing theories, there 

are growing numbers of scholars supporting both theories to have their own 

influence in fertility transition among other reasons.    

According to Davis and Blakes fertility has three necessary steps (13); intercourse, 

conception and pregnancy and parturition, which are affected mainly by two types 

of factors. The “direct” or “proximate” determinants are either behavioural or 

biological mechanisms that can directly affect the above steps in fertility; a set of 
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11 factors were identified in this category. Whereas the “indirect” determinants or 

background factors are those socioeconomic factors that operate indirectly, only 

through the proximate determinants, to influence fertility. This model is presented 

in Figure 1 below.  

 

Later Bongaarts (14-16) and Bongaarts and Potter (17) refined Davis and Blake’s 

framework into 7 important factors, which were termed as the proximate 

determinants of fertility, to understand variations in level of fertility between 

populations. These factors include proportion of married women, contraceptive use, 

duration of postpartum infecundability, induced abortion, fecundability, prevalence 

Natural ferti l ity 
controls 

1. Locational 
infecundity 

2. Frequency of 
intercourse 

3. Sterility 
4. Spontaneous IUD 
5. Fertility Duration 

 

Del iberate ferti l i ty 
controls  

1. Contraception 
2 d d b i  

Exposure factors 
1. Age of entry in to 

sexual union 
2. Proportion married 
3. Proportion sexually 

active 
4. Voluntary 

 

Fe
rt

ili
ty

 

Socioeconomic, environmental 
& cultural variables 

• Ethnic fractionalization 

• Proportion urban 

• GDP per capita[lagged] 

• Education (coverage) 

• Phone per 

capita(communication) 

• Infant mortality rate 

• age at first marriage 

• Health expenditure per 

capita 

Direct Determinants 
Intermediate Fertility variables 

Indirect Determinants 

Figure 1: Conceptual framework on Distal and Proximal determinants of fertility: 
Bongaarts 
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of permanent sterility and spontaneous intrauterine mortality. Out of the 7 

proximate determinants of fertility, Bongaarts (1982) showed that 4 determinants 

mainly marriage, contraception, abortion and post-partum infecundity are most 

important in terms of explaining variations in fertility levels of populations. 

Accordingly the relation of TFR and the inhibitors of fertility are expressed in the 

following equation. 

 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶 [1] 

where: 

 

TFR =total fertility rate, TF= total fecundity, Cm= index of marriage, 

Ci =index of postpartum infecundability, Ca = index of abortion, 

Cc =index of contraception. 

However, it is important to note that the Bongaarts’ model expresses, “the impact 

of each of the proximate variables in terms of the extent to which it reduces overall 

fertility”; but it was not intended to obtain an accurate estimate of TFR. Most 

studies focus primarily on three proximate determinants: “Marriage/non-marriage”; 

“post-partum amenorrhea”, which is a result of long period of breast feeding; and 

contraceptive use to space or limit child bearing. The “Proximate Determinants 

Model” is mostly used to identify the main factors behind fertility changes; the 

changes associated in fertility through time; to compare changes in fertility among 

countries, or regions of a country; and to estimate the effect of changes in those 

primary factors. 

In spite of its wide acceptance and use, Bongaarts’ model is not immune from 

critics, most indicating that some other proximate determinants that are very 

important in explaining the fertility variation are missed. Infertility which is not 

included in the four determinants indicates that it is a very important determinant 

in least developed nations where either primary or secondary infertility is usually 

very high due to the poor management and high prevalence of sexually transmitted 

infections. On the other hand, restricting sexual activities within marriage, devalues 
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the role of non-marital sexual relations or sexual inactivity for women already in 

marital life, especially in the current era where out of wedlock child bearing is 

becoming common. Stover model (18), presented below, which includes an 

improved components for proximate determinants of fertility will be much more 

valuable at this point in time to address this limitations. 

 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑇𝑇 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶 ∗ 𝑐𝑐𝑐𝑐 ∗ 𝐶𝐶𝐶𝐶 [2] 

Where: 

 

TFR = total fertility rates; PF = potential fertility; Cx = index of 

sexually proportion of women sexually active; Cu = index of 

contraception; Ca = index of abortion; Ci = index of postpartum 

infecundability, Cf = index of infecundity. 

In connection with fertility analysis, there are ample evidences showing the 

relationship of fertility variations and its proximate predictors. However most of 

these studies are either limited to a specific survey, or specific country (19-23) or 

sub region (24, 25) or are focused only with few variables both in the 

socioeconomic and proximate determinants of fertility. Moreover, the routine 

application of proximate determinants lies in understanding fertility different ia ls 

within a country across different socioeconomic, political and cultural differences.  

On the other hand, most of the available evidences are cross sectional in nature, 

weak to show associations and draw valid conclusions.  As a result of which, we 

don’t have ample evidence showing how much these predictors have changed 

across time and by how much does the changes in total fertility are explained using 

these predictors in the developing world. This is especially related to the absence 

of vital registrations and other related panel data sources. One predictor might be a 

very strong factor to inhibit total fertility per woman but if it doesn’t change across 

time; its contribution to changes in total fertility is expected to be weak; that means 

it need to be changed by some mechanism or other effective methodologies have 

to be applied and strengthened for a fertility reduction intervention. 
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Recent studies in the developed world however have applied longitudinal data to 

explain fertility trends and socio economic associations. In this regard, a difference-

in-difference methodology applied to see the relation between human development 

index and total fertility rate from 1975 to 2005 by Myrskyla et.al (26) brought a 

new concept where progress in development in advanced societies increases total 

fertility. However, almost after three years, Myrskyal and his associates repeated a 

similar study and reasoned out that the positive link between advances in human 

development and total fertility is explained by improved gender equality and 

fertility at older ages (27). In either of their studies, they have few control variables, 

to the extent the role of immigration is not considered, and it is not also clear how 

they manage heteroskedasticity and serial autocorrelation problems which are 

common in panel data. More over their result is criticized for being a statistica l 

artefact resulting from measurement error in the wealth index (28).  

Another study which focuses on demographic dividend by Crespo Cuaresma et.al 

(29) uses a generalized method of moments to overcome the endogeneity problem 

while using lagged values of first differences and levels of the explained variable 

as instruments for such a panel study. Their methodology is quite acceptable 

despite the use of robust standard error which doesn’t correct for serial 

autocorrelation. However its application in our model is limited as the lagged 

values are five years apart where the effect of lagged variables is expected to be 

week. More over the unbalanced nature of the data also puts restriction on its 

applicability in our model.  

 In this article, we have incorporated a comprehensive lists of socioeconomic 

predictors and proximate determinants of fertility. The longitudinal pattern of total 

fertility rate obtained from a panel of DHS survey indicators, 1984-2014, has 

helped us to analyse the contribution of both proximate and distal determinants of 

fertility to changes in total fertility. Initially decomposition of total fertility was 
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done to find each proximate indices, which are further analysed using fixed effects 

panel model. Changes in trend of total fertility and proximate indices are analysed 

using lagged fertility and lagged proximate indices which helped us to analyse 

proportional contributions of each indicator to changes in total fertility. In most 

fertility analysis, the proportional contribution of each predictor to changes in total 

fertility is estimated using decomposition approach, however we felt the interaction 

term which also explains part of the error in the decomposition needs further 

analysis, where we justify the application of a fixed effects panel model to explain 

the relative contribution of each proximate determinant to average changes in total 

fertility. Heteroskedasticity and serial correlation were checked and correction was 

done using Heteroskedasticity and Autocorrelation consistent robust standard 

errors, using Arrelano method (30). 

1.1.Purpose of the study 

While fertility has declined globally; it is still high in most parts of the developing 

world especially in sub-Saharan Africa. Taking the burden that a higher fertility 

has to the socio economic development in these nations, there are growing 

commitments and increased number of local and international partners working in 

promoting family planning and fertility regulation. However the absence of vital 

registration in most of these nations complicates monitoring the progress of fertility 

and related socio economic indicators. Hence the main rational of this study is to 

analyse the progress of fertility in the developing world using DHS data from 1984 

to 2014 and explore the contribution of the proximate and socio economic 

determinants on fertility dynamics in the study area. Thus, the goals for the 

proposed study is to analyse cross-country and inter-temporal variation in fertility 

rates using indices of proximate fertility determinants and socio cultural contexts 

and provide strong evidence for planning, implementation and monitoring of 

fertility interventions in the developing world. 
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1.2. Specific objectives 

1. Asses the cross national and regional differences and changes in fertility 

trend in developing countries 

2. Analyse the contribution of changes in the proximate determinants of 

fertility to changes in the total fertility rate over time 

3. Asses the contribution of changes in socio economic variables on total 

fertility in developing  nations 

4. Generate evidence based recommendations on fertility situation in the less 

developed nations  for planners, donors and the academics 

1.3. Hypothesis 

1. Fertility decline is happening in every part of the developing world 

following a two decade implementation of the millennium development 

gaols. 

1.1.Fertility reduction is progressing significantly across time and 

between nations.  

2. Proximate determinants of fertility have a similar pattern of fertility 

reduction between regions at various time periods. 

2.1.Sexual inactivity and contraceptive utilization explain the major 

decline in total fertility across time and between nations 

2.2.There are significant regional and stochastic differences in the 

decline of total fertility between nations. 

3. Distal determinants of fertility play a strong role in fertility reduction  

3.1.Economic disparities across time and between countries explain 

the major difference in fertility reduction between nations. 

3.2.Population density doesn’t has a significant effect on fertility 

reduction. 
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3.3.Reduction in infant mortality will have a reduction in total fertility 

across all the regions. 

3.4.Ethnic fractionalization plays a major role in fertility differences 

between nations. 

3.5.External assistance to health has significantly contributed to the 

reduction in total fertility across time between countries. 
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Chapter 2: Literature Review 

Most of the projected increase in the world’s population is expected to come from 

a short list of high-fertility countries, mainly in Africa (31). Despite this, there are 

also growing evidences that suggest fertility reduction across the globe and 

specifically in the developing world. According to the Population Reference 

Bureau (32) the global population has showed reduction in the average number of 

children per women from 4.7 in the 1970’s to 2.5 in 2013. A regional 

disaggregation indicates that this value has reduced from 6.7 to 4.7 in sub-Saharan 

Africa; while in Asia and the Latina America and Caribbean’s, it represents a 

reduction from 5.4 to 2.2 and 5.3 to 2.2 respectively, achieving a near replacement 

level fertility (replacement fertility=2.08).. This is expected to contribute to the 

youth bulge that will be a potential for demographic dividend in their countries. 

Currently  more than 9 out of 10 youth in the age of 10-24 are living in the less 

developed regions (33). This has given the impression of reaping population 

dividend from a growing labour force in most developing nations (34). However it 

is critical to note that this is an opportunity and not a guarantee that depends on 

three important assumption to become real: 

2. Fertility reduction,  

3. Saving and investment in human capital and  

4. Job creation and capital accumulation.  

Challenges of unemployment and underemployment (35)  will bring debts rather 

than dividends where a non-productive youth generation joins the elderly 

population, when these group will deplete the national reserve. However, still 

evidences suggest that the less developed world, especially Africa has the potential 

to exploit demographic dividend (36). 
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On the other hand, there are unlimited number of politicians who challenge the 

linkage between economic growth and the population growth, especially during the 

time of economic transformation. Despite existing theories indicating a modest, if 

not null effect of population growth on economic growth, evidences from longer 

panel studies have brought almost a unanimous understanding about the significant 

negative relationship between population and economic growth (37). The usual 

justifications revolve around high dependency and limited productivity that uses 

most of the production on household consumption than on long term investments 

and productive technologies.  Adoption of a strong family planning program that 

led to reductions in fertility is believed to give the East Asian economy a relief of 

the burden of population growth while at the same time fuelling the economy by 

funnelling their growing well educated labour force in to the production sector. If 

other countries are also expected to benefit from the population dividend, it is very 

important to understand population structure, invest on fertility to facilitate the 

transition and address the development needs of the growing youth population.  

2.1.Proximate determinants 

Evidences from the biological perspective focuses on the proximate determinants 

of fertility as the principal factors to affect fertility either through inhibition of 

sexual activity, conception and pregnancy and parturition. The index of sexual 

activity, one of the proximate determinants, is expected to measure the fertility 

inhibiting behaviour of proportion of women in the reproductive age population 

that are not in regular sexual intercourse. In most traditional communit ies, 

according to Bongaarts assumption, sexual intercourse is initiated by a formal 

marriage; leading to very low extra marital sexual activities and further low 

extramarital births (15). In 1974, Coale (38-40) developed a systematic way of 

calculating the index of marriage using an estimated age specific marital fertility 

rate and proportions married (equation--[7]).  However, this assumption fails to 
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capture the existing real pictures of variations in the sexual practice and fertility 

patterns in different set ups and culture, more importantly the changes in pattern of 

sexual activities from time to time. As a result, the proportion sexually active in the 

last month is proposed to be an  appropriate indicator to estimate the contribut io n 

of sexual exposure on fertility, than  proportion married (18).   

In the developing world, contraceptive use and coverage was very low for a long 

period of time, making the effect of contraception relatively weak to regulate 

fertility. In the developed nations, however, more than half of the married couples 

use contraceptive (41) and as a result marital fertility is relatively very low. 

Calculation of the contraceptive index,  a proportion that informs us about the 

fertility reduction capacity of contraceptive use in a married couple, requires 

understanding the age and method specific contraceptive utilization and method 

specific effectiveness of a contraceptive through an evidence based research, either 

or both of a clinical trial or community trial. In this study we have applied a 

systematic literature search to estimate contraceptive effectiveness. 

 𝐶𝐶𝐶𝐶 = 1− 𝐶𝐶𝑢𝑢;     𝑤𝑤ℎ𝑢𝑢𝑒𝑒𝑢𝑢,  [3] 

Where

,  

"u" 𝐶𝐶𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑢𝑢 𝑐𝑐𝑒𝑒𝑢𝑢𝑐𝑐𝐶𝐶𝑝𝑝𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢 𝐶𝐶𝑐𝑐𝑎𝑎 

"e" 𝐶𝐶𝑖𝑖 𝐶𝐶𝑐𝑐𝑢𝑢𝑒𝑒𝐶𝐶𝑎𝑎𝑢𝑢 𝑐𝑐𝑐𝑐 𝑚𝑚𝑢𝑢𝑐𝑐ℎ𝑐𝑐𝑎𝑎 𝑖𝑖𝑐𝑐𝑢𝑢𝑐𝑐𝐶𝐶𝑐𝑐𝐶𝐶𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑢𝑢  𝐶𝐶𝑖𝑖𝑢𝑢 𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐𝑢𝑢𝑖𝑖𝑖𝑖  

 

The term effeteness is well applied to indicate how well an intervention works for 

its intended purpose in its typical use, prevention of pregnancy, in the case of 

contraceptives. However, due to the absence of comprehensive study on such 

method specific contraceptive use effectiveness in most developing countries, most 

literatures use already existing previous pocket studies conducted in the 

economically developed world to estimate the contraceptive index while studying 

proximate determinants of fertility. 



 

13 
 

Contraceptive use effectiveness is described from two principal causes, method 

failure, which indicates the inherent efficacy of the method and characteristic of 

the user that lead to client failure like; imperfect  use (irregular and inconsis tent 

use), age and frequency of intercourse (42, 43).  Other factors that may influence 

use effectiveness of contraceptives but are given less attention include factors 

related to study methodology, data analysis and publication biases (44). Many 

adolescent girls become brides, get pregnant, and have children before they are 

physically, emotionally, and socially mature enough to be mothers (45), most of 

which are unintended (both unplanned and unwanted). In the United States, half of 

all pregnancies are unintended (46, 47), of these, half occur to women who were 

practicing contraception in the month they conceived (47). This might be due to 

imperfect use of the method, unlike the clinical efficacy of the method.  

According to Tietze (48, 49), use effectiveness is viewed from three different 

perspectives, physiologic, clinical/use and demographic effectiveness. Physiologic 

effectiveness is the measure of protection against unwanted fertility under ideal 

conditions while clinical effectiveness implies the measure of protection achieved 

by couples using contraception consistently and with care and skill, which is 

affected by the nature of the human population concerned. While demographic 

effectiveness relates to the reduction of child bearing among all couples who have 

been instructed to use contraception, including those who fail to use it or 

discontinue using after a short period of use. 

Contraceptive use Effectiveness is ideally measured as the reduction in risk of 

pregnancy among a woman exposed to contraception and those not exposed to it. 

Theoretically, all women who do not use contraceptive do not get pregnant, 100 

percent. Hence, to say that a specific contraceptive method has a specific use 

effectiveness, it is important to know the proportion who are pregnant before and 

after contraception. However, since no study can ascertain the proportion of women 
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who would have become pregnant had they not used the contraceptive method, it 

makes impossible to measure contraceptive effectiveness directly. Therefore, 

probabilities of pregnancy during contraceptive use, an indirect measure of failure 

rate of contraceptive during typical use are the usual measures of contraceptive 

effectiveness (43).  

Raymond pearl in 1930 (50) has developed the pearl index which was later 

modified by Tietze (48, 50) in 1940 to calculate contraceptive effectiveness, a ratio 

in incidence of pregnancy before contraception and after contraception. However 

this calculation assumes that there is constant failure rate overtime which is not the 

case actually (44).  

 

Pearl Index = 
𝑐𝑐𝐶𝐶𝑚𝑚𝑛𝑛𝑢𝑢𝑒𝑒 𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐𝑖𝑖 ∗ 1200

𝑐𝑐𝑐𝑐𝑐𝑐𝐶𝐶𝑝𝑝 𝑤𝑤𝑐𝑐𝑚𝑚𝐶𝐶𝑐𝑐 𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖 𝑐𝑐𝑐𝑐 𝑢𝑢𝐶𝐶𝑐𝑐𝑐𝑐𝑖𝑖𝐶𝐶𝑒𝑒𝑢𝑢
 [4] 

Efficiency = 𝑐𝑐𝑒𝑒 = 𝑐𝑐𝐶𝐶𝑐𝑐/𝑐𝑐𝐶𝐶𝑛𝑛𝑐𝑐 [5] 

Where: 
 

𝑐𝑐𝑒𝑒 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑢𝑢 𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐𝑢𝑢𝑖𝑖𝑖𝑖 
𝑐𝑐𝐶𝐶𝑐𝑐 = 𝑐𝑐𝑢𝑢𝐶𝐶𝑒𝑒𝑝𝑝 𝐶𝐶𝑐𝑐𝑎𝑎𝑢𝑢𝐶𝐶 𝑐𝑐𝑐𝑐𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑝𝑝𝑢𝑢 
𝑐𝑐𝐶𝐶𝑛𝑛𝑐𝑐 = 𝑐𝑐𝑢𝑢𝐶𝐶𝑒𝑒𝑝𝑝 𝐶𝐶𝑐𝑐𝑎𝑎𝑢𝑢𝐶𝐶 𝑐𝑐𝑐𝑐𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑎𝑎 𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑝𝑝𝑢𝑢 

 

The opponents of this concept argued the importance of duration of exposure to 

risk of pregnancy as an important predictor of contraceptive effectiveness. The 

main opponents, Potter and Tietze (49) brought the concept of increased fertility, 

risk of pregnancy, as duration of contraceptive use increases and recommend 

actuarial techniques based on life table methods. Since the introduction of life-table 

techniques, they have become generally accepted as the preferred method for 

assessing contraceptive use-effectiveness (51). 

However for the purpose of this research, failure rates during typical use, includ ing 

inconsistent or incorrect use, is used to estimate contraceptive effectiveness. 
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Primarily we rely on review of various clinical and community based studies across 

the globe and estimated the mean contraceptive effectiveness to calculate index of 

contraception.  

The other fertility inhibiting proximate factors include index of abortion and index 

of postpartum infecundity (Ci). In traditional societies in Africa and other 

developing nations 43% of women exclusively breast feed in WHO south East Asia, 

lactation lasts longer usually until the next pregnancy (52). Whereas, in the Western 

population’s, duration of lactation is very short and many women do not lactate at 

all. WHO European Region says only 25% of babies are exclusively breastfed in 

the region. A study in Australia has also showed that at 6 months of age only about 

45.9% of babies receive any breast milk, and only 12% were being fully breastfed 

(53). Exclusive breastfeeding stimulates a hormonal system that has an inhibitory 

effect on ovulation and thus increases the birth interval and reduces natural fertility.  

On the other hand, index of abortion which is not well addressed in most DHS 

surveys is believed to be a strong fertility inhibitor.  According to Bongaarts, 

because of the increased probability of post abortion pregnancy, the number of 

births averted per induced abortion is much smaller than the actual case, which is 

also highly influenced by the practice of contraceptive use following it. In the 

absence of contraception, an induced abortion averts about 0.4 births, while about 

0.8 births are averted when moderately effective contraception is practiced (15).  

Singh, Casterline and Cleland studied proximate determinants and subnationa l 

variations in 29 countries  (54). In the Americas, Africa and Asia, the impact of the 

fertility inhibiting effect of  non-marriage is slightly over ten per cent greater in 

small urban localities and between 15 and 19 per cent greater in major urban centres, 

most of which is due to the consequence of late marriage. While the influence of 

residence on contraception is minor in the African countries, it is moderate in Asia 

and pronounced in the Americas. This paper also found that, in countries where a 
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strong effort for family planning is adopted, like Indonesia, Korea and Fiji, the 

effect of contraception is found to be evenly distributed among rural and urban 

residences.  

While on the other hand, the erosion of the breastfeeding restraint with increasing 

urbanity is most marked in the Asian region, and its fertility inhibition effect 

declining with increasing education. The effect of lactational infecundabil ity 

declines with increasing education. They conducted a linear fixed effects 

regression to see the relation between each proximate variable and found that the 

contributions of nuptiality and contraception tend to be in the same direction and 

of equivalent magnitude, while the effect of lactation through post-partum 

infecundity works in the opposite direction and is generally smaller. However they 

didn’t observe these relations to changes in total fertility in their regression analysis. 

A study in Nepal has also approached the role of proximate determinants in 

explaining fertility differences among the rural urban community and the lowest 

class, Saraki group. This article presented that more than 49% of the fertility 

differentials between the urban rural community was found to be due to 

differentials in proportion of women married, while the difference with the lower 

cast shows contraceptive to be the principal contributor (28%) followed by 

differences in proportion in women married (55). A similar study that observes 

rural urban differences in Vietnam indicates;  for urban area more than one-third 

of the total fertility decline between 1997 and 2002 is due to increase in induced 

abortion and reduction in married women followed by post-partum infecund ity. 

While marriage delay, contraception and induced abortion are found to explain 

about 60, 40 and 35% of the decline in the rural community respectively. 

Nationwide 46% of fertility reduction is contributed by marriage, followed by 

abortion 38% and contraception by 33% (22). A similar study in Vietnam has also 

indicated the ethnic differentials in these proximate determinants and fertility 
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decline (56). Another study  to explain the role of proximate determinants on 

fertility decline among poor and non-poor in six Asian countries  showed that 

fertility decline among majority of the poor women is accompanied by high 

prevalence of contraceptive use followed by changing marriage pattern and 

induced abortion (25) 

In another approach, a study of proximate determinants of fertility in India by 

Tripathy and Sarangi (57) has explored both socioeconomic and proximate 

determinants in a multivariate regression model using ordinary logistic regression. 

The authors identified demand and supply variables for children and included 

labour force participation and proximate determinants. They found that age of 

marriage, median birth interval, wanted fertility and labour force participation to 

be important. Whereas under-five mortality, women’s autonomy contraceptive use 

and breast feeding were insignificant. However, despite the direct and indirect 

association of these predictors, all variables were modelled in the same model 

disregarding the role of mediation effect.  

Similar findings are reported in the works of Hammoudeh and Hogan (58), who 

studied the role of proximate determinants in disentangling the fertility puzzle in 

Palestinian community. Despite the higher fertility in the area, the authors 

identified that a paramount decline in fertility which is mainly explained by 

increased contraceptive use followed by postpartum infecundity and changes in 

pattern of marriage exists in the area. 

The decomposition technique has been applied in different settings. Explaining 

fertility differentials in Kenya from 1977 to 1989 by Kizito et.al. (59) showed that 

post-partum infecundity to be a strong fertility inhibitor but has underwent little 

changes across time. However, contraception which was  less important in fertility 

inhibition has showed the most significant change across time and contributed for 

more than 62% of fertility decline in urban setups for women with higher education, 
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followed by changes in proportion of marriage.  This paper has also identified 

variations between predicted and actual fertility and indicated that proximate 

determinants only might not be enough to explain changes in total fertility.  

A recent thesis by Madhavan on proximate determinants of fertility in sub-Saharan 

Africa uses fixed effects multivariate analysis to see the association between unmet 

need for family planning and induced abortion (24). Her finding indicates that most 

of the decline in fertility in the region is attributable to increases in proportion of 

women unmarried and a modest increase in total fertility. However the author only 

focuses on decomposing on fertility differentials between 1978 and 1982 and 

doesn’t incorporate to see panel effects or socioeconomic effects too. 

Index of infertility, another important proximate factor to affect total fertility is not 

addressed in most decomposition analysis. This concept is addressed after Stover 

criticized Bongaarts’ model and incorporated in the model. Infertility is defined as 

the inability to become pregnant, inability to maintain pregnancy or inability to 

carry a pregnancy to live birth (60).  In most developing countries due to the 

widespread prevalence of sexually transmitted infections, that leads to a poorly 

managed post-abortal and puerperal sepsis, secondary infertility is very common 

and is a source of marital separation among couples (61). Higher level of sexual 

mobility is a risk for sexually transmitted disease and probably for secondary 

infertility, due to infections.  

Infertility creates frustration on families on their childbearing potential. Hence a 

higher infertility prevalence will be one of the challenges for high fertility countries 

to adopt fertility reduction measures as families will be uncertain on their 

childbearing. This will bring a strong source of resistance toward fertility reduction 

interventions, while other barriers decline. Moreover the decline in endogamy, 

practice of polygamy, urbanization and increased tourist flow increase the diffus ion 
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of sexually transmitted diseases. Early attention will increase a temporary 

population growth but will at the end result in efforts to limit childbearing (62). 

An infertile woman in developing countries is exposed to multitude of cultural, 

religious and other complex social problems. Women who have never had a child 

are more likely to be divorced or separated, and childless women are more likely 

to have been married more than once (63). Understanding the prevalence of 

infertility is very vital to address the challenges, however, estimation of infertil ity 

is a big challenge due to absence of uniform definition for infertility that make 

comparison across countries and infertility a challenge.  

According to Gnoth et.al. (64); most of the pregnancies occur in the first six cycles 

with intercourse in the fertile phase (80%). After that, serious subfertility must be 

assumed in every second couple (10%) although—after 12 unsuccessful cycles—

untreated live birth rates among them will reach nearly 55% in the next 36 months. 

Thereafter (48 months), 5% of the couples are definitive infertile with a nearly zero 

chance of becoming spontaneously pregnant in the future, with age, cumula t ive 

probabilities of conception decline.  

Nonetheless, a systematic review of 39 prevalence studies by Gurunath et.al (65) 

showed that most surveys that tried to estimate prevalence of infertility do not agree 

on their methodology of data collection or on the criteria for defining infertility, or 

the outcomes to be measured and nature of population to be sampled.  Most 

clinicians define infertility as “a disease of the reproductive system defined by the 

failure to achieve a clinical pregnancy after 12 months or more of regular 

unprotected sexual intercourse(66, 67) while demographers define it as “ an 

inability of those of reproductive age (15-49 years) to become or remain pregnant 

within five years of exposure to pregnancy” (63, 68). From these, one can observe 

the disagreement in defining the numerator/ reproductive success: conception, 

ongoing pregnancy or live birth/ and the denominator of estimation of infertil ity 
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(especially duration of exposure one year, two year or five years). However, due to 

the limited availability of data based on clinical definitions, prevalence is usually 

approached from demographic perspective.   

Accordingly, an evidence generated based on evaluation of responses from women 

in Demographic and Health Surveys, in 2002 more than 186 million ever-married 

women of reproductive age (15 to 49), one in every four ever married couples,  in 

the developing countries were infertile because of primary or secondary infertil ity 

(63). Whereas, another recent study by Mascarenhas et.al. has showed that (68) in 

the year 2010, 1.9%, of child-seeking women aged 20–44 years were unable to 

have a first live birth (primary infertility) and 10.5% of child-seeking women with 

a prior live birth were unable to have an additional live birth (secondary infertility). 

A review of existing population surveys by Boivin et.al (69) on the prevalence of 

fertility has found an overall 12 month prevalence of 9% which ranges  12-month 

prevalence rate ranging from 3.5% to 16.7% in more developed nations and from 

6.9% to 9.3% in less-developed nations, with an estimated overall median 

prevalence of 9%.  Frank (62) argued that infertility in Africa is declining, and it is 

one of the silent causes of population growth in the region. On the contrary, WHO 

reports that the global infertility prevalence is almost similar from 1990 to 2010(70).  

In summary contraception, marriage and post-partum infecundity are well studied 

for their fertility inhibition effect per woman. Some studies have also studied the 

contribution of these three proximate determinants across time where contraception 

and in some areas marriage has explained the biggest share in fertility reduction 

across time. We have also seen some evidences showing the importance of abortion 

in fertility reduction across time. However most of these evidences are still limited 

either geographically or methodologically where time variations are not considered 

in their analysis.  
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2.2.Distal Determinants 

Age of marriage 

Certain aspects of reproductive health behaviour such as age of child birth, parity 

when the child was born, spacing between child births are believed to affect both 

maternal and infant survival. On the other hand, it is also widely acknowledged 

that age at marriage has a significant influence on fertility. Female fertility 

increases immediately after puberty reaching its peak in the mid-20s and then 

decreases with advanced maternal age (71, 72). There are also evidences indicat ing 

the increase in probability of miscarriage and sterility and decline in fecundabil ity 

as a woman’s age of marriage increases.  Unlike the decline in a woman’s fertility 

in their thirties, men’s fertility is less affected by age, though it shows significant 

decline by the late 30s (73). Another study indicated that After 12 cycles the 

probability of pregnancy in a woman aged greater than 31 was 0.54 compared with 

0.74 in a woman aged 20-31; while the probability of having a healthy baby also 

decreased by 3.5% a year after the age of 30 (74-76). It is also indicated that the 

chance of a woman aged 35 having a healthy baby was about half that of a woman 

aged 25 (74). Another study in India showed that women marrying late have a 

shorter first birth interval than women marrying at a younger age. But second and 

higher birth intervals are longer among those marrying late compared with those 

marrying early, indicating how late marriage contributes to reduction in fertility 

(77). Similar other findings are reported in the works of Nahar (78) which indicated 

that although there is a positive association between age at first marriage and age-

specific marital fertility rates, the total parity per woman at the end of the 

reproductive period is expected to reduce by 0.196 for each 1-year delayed 

marriage. 

In the mid and late 20th centuries, high fertility in Africa resulted from early and 

near universal marriage, and extremely low rates of efficient contraception. 
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Whereas social pressures against premarital sex, sexual abstinence, and a long 

duration of breast feeding practices have helped in reducing fertility (79-81). 

However, recently there are growing evidences that show the weakening of both 

family planning promoting and fertility prevention activities; like increasing 

extramarital sex and child birth practices, decreasing breast feeding practices and 

increasing family planning utilization (58, 80, 82-86). Postponement of the first 

childbirth, reflected in the rise of mother’s age at child birth, is probably the most 

important aspect of what has been labelled as the “second demographic transition” 

that has characterized most OECD countries (van de Kaa, 1987). On the contrary, 

teenage marriage and teenage pregnancy are still prevalent in most parts of Africa, 

the median age of child birth in most sub-Saharan Africa ranges from 17.7 in Niger 

to 24 years in Comoros, which is much lower than other parts of the world, 

contributing to high fertility in the region. Indeed age of marriage is classified as 

one of the proximate determinants of total fertility, however most proximate 

analysis do not consider age of marriage as both Bongaarts and Stover’s model 

both do not include a special index that incorporates age of marriage, for which 

reason we incorporated it as one of the distal determinants of total fertility rate.  

Infant mortality rate  

According to demographic transition, in many countries mortality decline preceded 

fertility decline, which might suggest a causal link from falling mortality to falling 

fertility. Indeed the causal relationship between fertility rates and infant mortality 

was pretty well established more than two decades before, some indicating issues 

of possible reverse causality. In other words, infant mortality is not only affecting 

fertility but also is affected by fertility. A study by Trussell and Pebley (87) showed 

that limiting child birth between 20-35 has reduced child mortality by 5% and 

similarly limiting child birth between 20-39 has reduced the risk of maternal 

mortality ratio by 11%. As a result, reduction in fertility is believed to improve 

child health and reduce child mortality. Recent studies on the other hand are 
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showing the reverse direction, increased child mortality increases the probability 

of having another child as mothers are not confident on the survival nature of their 

child, provoking high fertility rates among couples. Similar findings are also 

reported from the world bank (88, 89). Lower infant mortality can lead to lower 

fertility rates through a reduced need for replacement births to achieve a given 

target family size; while conversely, lower fertility rates  can lead to reduced infant 

mortality as longer birth intervals provide improved quality births, better child care 

and reduced competition for household time and resource. 

Education  

There is near unanimous agreement on the effect of education and gender disparity 

on reduced fertility both at individual and community levels. Improving access to 

women education is expected to result in improved productivity, income and 

economic development, as well as a better quality of life, particularly leading to a 

healthier and better nourished future population. Despite variations in anticipated 

personal  benefits from education, it is clear that education empowers women, 

providing them with increased autonomy to decide on the number of children they 

have (90). Numerous studies which are already conducted have indicated an 

inverse relationship between education and fertility. A study by Kravdal and 

Rindfuss (91) in Norway among population registers for cohorts born 1940 to 1964 

indicates a negative association for the relationship between completed fertility and 

educational level attained at age 39 years of age.  

A study in India (92) revealed that at the initial stages of demographic transition, it 

is the education of females that exerts significant negative effect on fertility, while 

as the transition progresses, it is the fertility level that exerts significant negative 

influence on educational attainment of children. Another study using 26 dhs 

surveys (93) showed that women with no formal schooling have, on average, six to 

seven children, whereas highly educated women have an average of two to three 
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children, a fertility level analogous to most developed nations. Similar other 

findings are found in the works of Gunes (94) where an extra year of female 

schooling was found to reduce teenage fertility by 0.03 births, which is a reduction 

of 33%. It also showed that female education reduces teenage fertility more in 

provinces with higher initial fertility and lower population density. 

According to Basu (95), the important determinant of intentional fertility decline 

following female education is  believed to be a result of an increase in the husband-

wife team’s united ability to manipulate the environment rather than an increase in 

such ability only by the woman. Positive associations between fertility and 

education are also recorded in some surveys in the developed world. For example 

a study by Kravdal in Norway (96) found a positive relationship between third 

parity fertility and education, notably probabilities of a third birth from second birth 

cohort mother for women with more than 12 years' education were higher than for 

those who only had compulsory education.  On  the other hand, Martin (93) reveals 

that in some of the least-developed countries, education might have a positive 

impact on fertility at the lower end of the educational range. 

While another study by Jain et.al from the population counsel (97) showed a 

nonlinear relationship among the two. Their finding indicates a negative 

relationship between fertility and female education for all countries. However, a 

specific modelling of fertility in women with little education showed a curvilinear 

relationship where individuals with little education are likely to have higher marital 

fertility than those with no education if 32 to 72 percent of all women in their 

marriage cohort have no education; otherwise, they are likely to have lower marital 

fertility than those with no education. 
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Urbanization  

Urban-rural differential fertility was studied in a number of non-European 

countries as of the present time and in a number of European nations and in the 

United States during the early nineteenth century. Evidences have witnessed that 

the rural fertility rate was observed to be substantially higher than urban rate(98). 

Massive urbanization in the developing world is one of the major structural shifts 

of the 21st century. Well managed, it has enormous potential in promoting social 

inclusion and providing people with real choices, including in the area of 

reproductive health (99). 

Population Density 

A recent analysis on determinants of human population growth (100, 101) has 

shown that population density - beyond the well-studied social and economic 

determinants – is found to have a significant negative relationship with fertility. 

This might be due to the possible psychological reactions of people to perceived 

increase in population density. According to a modern view, income is higher in 

denser areas because of agglomeration externalities, but fertility is decreasing with 

income, leading to a negative relationship between density and fertility. Similar ly 

a study in rural agricultural villages of India (102) found villages with higher 

density to have lower fertility, even with controls for village caste composition, 

prior fertility, female literacy, and agricultural production. While another study by 

Loftin and Ward using special autocorrelation modes (103) showed; with one 

exception, the effects of density on fertility are trivial. 

Ethnic Fractionalization  

Ethnic, linguistic and religious variations within a nation are studied as the  most 

important determinants in political economy of many nations and nationalit ies 

(104).  High variations in national ethnic and linguistic differences are believed to 
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lead to poor quality of institutions and poor socio economic performances. 

Accordingly’ this study found it very important to see the effect of ethnic and 

language differences on fertility dynamics.  

A higher index represents the presence of huge variations while a lower index 

represents a lower disparity among different ethnic groups. Evidences from an 

examination of ethnic diversity on health outcomes (105) suggests that higher 

heterogeneity is bad for health outcomes. Similar other papers have noted the 

challenges of ethnic and linguistic diversity on equitable access to health and other 

social services (106-114). 

Per capita income 

Economists views children both as consumable goods, assuming they are source of 

satisfaction for the family, and as production goods, assuming they are sources of 

money and income (7). Determining family size is therefore dependent of the utility 

value attached to children which depends on age, race, religion and culture. The 

amount invested on them and income are also other determining factors of family 

size. Review of literatures shows ample evidence on the relation between income 

both at an individual and macro level to affect fertility. Malthus, in his model 

explained the positive effect of the standard of living on the growth rate of 

population (115). However, recent evidences indicate that fertility is lower among 

better educated women and is often higher among women whose families own 

more land and assets, indicating an inverse association between income and fertility 

among countries and individual households (116, 117). 

Generally, despite the presence of ample evidence on fertility and its determinants, 

one can easily observe most of them are either cross sectional, focused on within 

national differences and or sub regional comparisons, especially in the developing 

regions. On the contrary, recent studies in the developed world have used 
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longitudinal data and tried to explain fertility trends and socio economic 

associations. A difference in difference methodology applied to see the relation 

between human development index and total fertility rate from 1975 to 2005 by 

Myrskyla et.al (26), for example brought a new concept where progress in 

development contributes to lower fertility in countries with low to moderately high 

human development levels ; while development in advanced societies increases 

total fertility. However difference in difference is usually applied for short panels, 

while these researchers tried to observe almost a three decade apart data in such a 

model disregarding other omitted variables and the serial correlation of the error 

terms. For example, the persistence of lowest low fertility in most advanced 

societies has enabled to adopt different policy measures, which of course are not 

controlled in this model, especially the role of international migration in increasing 

total fertility in these societies, while ample evidences suggest its contribution for 

the rise in total fertility.   

Almost after three years, Myrskyal and his associates repeated a similar study and 

reasoned out that the positive link between advances in human development and 

total fertility is explained by improved gender equality and fertility at older ages 

(27). However, still their model has limited control variables; and it is not clear 

why they modelled gender parity index and human development separately. At the 

same time, in spite of their discussion in the limitations, it could have been better 

to control for immigration to these countries and other socio cultural changes. The 

other very important issue which is not still clear is how they managed serial 

correlation. On the other hand Hartergen and Vollmer (28) have claimed 

measurement error  for the positive association between advances in development 

and total fertility.  

Another study which focuses on demographic dividend by Harttgen and Vollmer 

(29) uses a generalized method of moments to overcome the endogeneity problem 
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while using lagged values of first differences and levels of the explained variable 

as instruments. This method is a recommended approach in panel data analysis, the 

limitation however seems in their application of the robust standard error which 

doesn’t correct for serial autocorrelation.  

These all reviews contributed for our survey in refining the major socioeconomic 

predictor variables for total fertility. On the other hand the methodologies applied 

have given us the opportunity to understand the existing gap in the area especially 

in the developing countries. It is a mere fact that the absence of strong panel data 

either through vital registration or any secondary source might have helped for the 

cross sectional nature of most of these studies. Taking the advantage of the 

demographic and health survey that has been in the developing world for the past 

three decades, we have developed a comprehensive study of predictors in total 

fertility and changes across time between nations.  
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Chapter 3: Methodology  

This research is a quantitative study based on secondary panel data on fertility and 

its determinants, both proximate and distal determinants, in developing nations 

from a series of Demographic and Health Surveys /DHS/. While many of the 

existing studies focus on cross-sectional data, the underlying goal of this study is 

to examine changes in total fertility across time per country and their relationships 

with specific predictors of fertility. Aggregate values for specific national fertility 

and proximate determinants are used as individual level data and these observations 

over time were used to form an unbalanced panel data, with countries contribut ing 

different numbers of observations depending on data availability.  

For this study a country to be eligible should have conducted DHS survey at least 

twice from 1984 to 2014. Change in the total fertility rate (TFR) is the ultimate 

focus, which is affected by changes in index of proximate determinants and 

changes in distal determinants of fertility. This study extends the Bongaarts and 

Stover’s model of proximate determinants of fertility and applies a fixed effects 

and random effects panel regression to explore changes in fertility and its 

determinants in the study area.  The effect of proximate and distal determinants is 

modelled differently following the theoretical understanding that proximate 

determinants are primarily responsible for variations in total fertility. At the same 

time, these proximate determinants, in turn, are affected by trends in social, 

economic, and health-related factors such as rural-urban residence, educational 

status, exposure to mass media, infant mortality, mean age of marriage, population 

density, ethnic fractionalization and some other distal determinants as presented in 

Figure 2.  
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The chronological ordering of observations in a panel data conveys potentially an 

important information, observing the same units over time; giving several 

advantages over cross-sectional data or even pooled cross-sectional data. Having 

multiple observations on the same unit allows us to control for certain unobserved 

characteristics of individual countries. Another advantage of panel data is that they 

often allow us to study the importance of lags in behaviour which provides a simple 

Figure 2:  Socio-economic (distal) determinants and proximate determinants model on 
total fertility rate 
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way that accounts for historical factors that cause current differences. These part 

of panel study helps in decision making, because some policies and interventio n 

will have impact only after some time has passed. However due to the periodic and 

unbalanced nature of the data, five year interval, lags are not applied in most of the 

predictors for our regression model, except for the decomposition purpose. 

At the same time, panel data models examine group (individual-specific) effects, 

time effects, or both at a time in order to deal with heterogeneity or individual effect 

that may or may not be observed. These effects are either fixed or random effect. 

A fixed effect model examines if intercepts vary across group or time period, 

whereas a random effect model explores differences in error variance components 

across individual or time period.  

Strengths of this study 

• Comprehensive in the sense that it includes both proximate and social 

determinants of fertility. 

• It includes longitudinal data across three decades of survey in the 

developing world. 

• Methodologically, unlike the usual cross sectional approaches of fertility 

decomposition either within sub regions of a country or between time 

periods per country, it applies a multivariate panel design model to see 

changes within and between nations. 

3.1. Data Source and Data:  

Demographic and Health Surveys (DHS) are conducted in over 90 developing 

countries. Funded by the US agency for international Development (USAID), DHS 

provides access to a wide range of nationally representative household surveys 

especially in the area of health and population. There are more than 300 surveys 
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conducted since 1984. Data are available every five years for each country, but 

counties have different number of surveys based on the time of initiation for the 

survey and discontinuation of DHS surveys in some countries for reasons that are 

not explored here. A freely accessible online data was retrieved from 

STATcompiler system in DHS in the period of July to September 2015. This data 

was then explored and checked for completeness using excel 2013 and R-

foundation for Statistical Computing (118) .  

DHS collects data in 42 sub-Saharan African countries at various periods since 

1984. Ten of the countries namely Angola, Botswana, Cape Verde, Central African 

Republic, Gambia, Mauritania, Sao Tome and Principe, South Africa, Sudan and 

Swaziland do have only one time surveys whereas the rest 32 countries have two 

and more DHS surveys providing a total of 115 country year observations. Around 

18 Countries in North Africa, Central and Western Asia and Eastern Europe 

(ENAWCA= referred the Middle East hereafter) are included in DHS; of which 

five countries namely Romania, Tunisia, Tajikistan, Turkmenistan and Uzbekistan 

have only one time survey, the rest 13 countries have more than one survey 

providing a total of 33 country year observations. Similarly in South and South 

East Asia (S-SEA), we have found a complete 35 country year observations from 

8 countries out of 12 countries the DHS covers, the rest four countries, Maldives, 

Sri Lanka, Thailand and Timor-Leste were omitted from the study since they have 

only one time DHS survey. In Latin America and the Caribbean (LA), out of 17 

countries that DHS has conducted survey, four countries namely Guyana, Jamaica, 

Mexico and Trinidad and Tobago were found to have one time DHS while 13 

countries which have two or more DHS survey totally produced 59 country year 

observations. Generally from a total of 86 countries DHS has availed data, we 

found 66 eligible countries for our study.   
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Table 1: Complete country year surveys included and excluded in the study 

Data Latin Middle 
East 

South 
Asia 

Sub-Saharan 
Africa 

Tot 

Total obsr 62 42 38 125 267 

2 or more obs 59  33 35 115 242 

Removed 3 9 3 10 25 

 

 Finally from a total of 267 observations we downloaded for our survey, 242 

country year observations were eligible for our study. Countries that have only one 

DHS survey are excluded from the panel data. In some of the explanatory variables 

where repeated missing observations are found, secondary sources of data from 

other sites were used not to lower the quality of the panel data where list wise 

deletion tends to reduce the number of observations used in the analytical model 

and thus weaken statistical power of a test. List of countries and regions included 

in this study are attached in Annex 2 while the summaries of the complete country 

year observations are presented in Table 1.  

3.2.Source and characteristics of the study variables 

3.2.1. Dependent Variable:  

Total Fertility Rate: The dependent variable is the total fertility rate that measures 

an age-period fertility rate for a synthetic cohort of women. It measures the average 

number of births a group of women would have by the time they reach age 50 if 

they were to give birth at the current age-specific fertility rates. The TFR is the sum 

of the age-specific fertility rates for a five year abridged age interval for all women 

multiplied by five. Since the unit of analysis is individual countries, total fertility 

at a country level is used as the dependent variable. 
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3.2.2.  Explanatory variables 

The main focus in this study is to decompose fertility in to its proximate 

determinants according to the modified Stover model and analyse the contribut ion 

of these indices across time for fertility change across the developing world. Hence, 

individual indices produced through decomposition technique will be used as 

explanatory variables of change in fertility. The survey has also included various 

sociocultural and economic indicators that are expected to affect fertility indirect ly, 

as presented in the fertility model.  

3.2.2.1.Proximate Determinants 

The proximate determinants of fertility that are applied in this model are index of 

sexual activity, index of contraception, index of contraceptive infecundity, index 

of infertility and index of abortion, as updated by Stover’s model. Unlike most of 

the socioeconomic determinants, these predictors are not directly found from DHS 

STATcompiler. Rather, using different formula’s adopted from both Bongaarts and 

Stover model, we calculated each index separately. However, the inputs for 

calculation of these indices are retrieved from DHS surveys. 

Index of sexual activity (Cx) 

This indicator is expected to measure the fertility inhibiting behaviour of proportion 

of women in the reproductive age population that are not in regular sexual 

intercourse. In 1974, Coale (38-40) developed a systematic way of calculating the 

index of marriage using an estimated age specific marital fertility rate and 

proportions married.   

 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐶𝐶𝑚𝑚 ∗ 𝑇𝑇𝑇𝑇 [6] 

 𝑐𝑐𝑚𝑚 =
Σ𝑚𝑚(𝐶𝐶) ∗ 𝑎𝑎(𝐶𝐶)

Σ𝑎𝑎(𝐶𝐶)  [7] 
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However, this assumption fails to capture the existing real pictures of variations in 

the sexual practice and fertility patterns in different set ups and culture, more 

importantly the changes in pattern of sexual activities from time to time. As a result, 

the proposition sexually active in the last month is proposed to be an  appropriate 

indicator to estimate the contribution of sexual exposure on fertility, than  

proportion married (18).  DHS is also one of the widest surveys globally focusing 

on developing nations that explores reproductive health indicators, including the 

proximate determinant of fertility. Most surveys include the proportion of sexually 

active population in the study area.  

On the other hand, it is also very important to note that non-sexually active pregnant 

women and post-partum ladies are also exposed to sexual activity recently and they 

need also be included in the proportion sexually active, so index of sexually active 

is not under represented. However, the proportion of pregnant women who are not 

sexually active is not found easily, but was assumed to be equal to the general 

population. Hence, to avoid double counting of all pregnant women in the sexually 

active group, the proportion of sexually non active group was extracted from the 

proportion currently pregnant. This group plus the proportion active in the last 

month and the proportion that were postpartum in the last year were summed up to 

provide the overall sexually active group. 

Cx= 

     Proportion Sexually active women with in 4 weeks before the survey  

+  proportion ofpregnants who were not sexually active (in 4 weeks)

+  proportion of women who were in postpartum abstinence (in a year) 

[8] 

To minimize missed data, for those countries where there is no information on age 

specific proportions sexually active in the last month before the survey, age specific 

marriage rates directly from DHS data were used. For the rest country year 

observations where still data on age specific marital status is not available, data 

from the world marriage data 2012 (119) was used.  
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Index of Contraception (Cu):   

The index of contraception measures the effect of contraception on reducing 

fertility; the lower the index the higher the inhibition effect. Bongaarts estimated 

the index of contraception according to the following formula: 

 𝐶𝐶𝑐𝑐 = 1− 1.08 ∗ 𝐶𝐶 ∗ 𝑢𝑢,   [9] 

where u is the contraceptive coverage and e is the overall contraceptive 

effectiveness 

However in Stover’s model, the value of 1.08 which estimates the fertility 

inhibiting effect of sterility is removed from the model, since index of infertility is 

separately incorporated in to the model. This leads to equation [10] to estimate 

index of contraception, where “u” is the proportion of sexually active, fecund 

women that practice any contraceptive method, which is easily found from DHS 

STATcompiler.   

 𝐶𝐶𝑐𝑐 = 1−𝐶𝐶 ∗ 𝑢𝑢 [10] 

To estimate the value of “e”, a measure of contraceptive use effectiveness, we 

reviewed various literatures and individual method specific effectiveness for each 

family planning method per country across surveys. These values were then used 

to calculate average FP effectiveness in the country and finally “Cu”-index of 

contraceptive use- was calculated for each country and each survey based on the 

above formula. 

Contraceptive Effectiveness 

Calculation of the contraceptive index,  a proportion that informs us about the 

fertility reduction capacity of contraceptive use in a married couple, requires 

understanding the age and method specific contraceptive utilization and method 
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specific effectiveness of a contraceptive through an evidence based research, either 

or both of a clinical trial or community trial. The term effeteness is well applied to 

indicate how well an intervention works for its intended purpose in its typical use, 

prevention of pregnancy, in the case of contraceptives. However, due to the absence 

of comprehensive study on such method specific contraceptive use effectiveness in 

most developing countries, most literatures use already existing previous pocket 

studies conducted in the economically developed world to estimate the 

contraceptive index while studying proximate determinants of fertility 

In this study, estimation of method specific contraceptive use effectiveness was 

calculated based on systematic review of various clinical and community based 

studies, retrieved from PubMed and other Website’s using the Boolean terms of 

contraceptive effectiveness and contraceptive failure. After calculating the average 

method specific use effectiveness from literatures, the average use effectiveness 

per individual country year observations, “e”, is estimated as a weighted average 

of the method-specific use-effectiveness levels, e(m), with the weights equal to the 

prevalence of a given method, u(m). 

 𝑢𝑢 =
�𝛴𝛴 𝑢𝑢(𝑚𝑚) ∗  𝐶𝐶(𝑚𝑚)�

𝑐𝑐𝑐𝑐𝑒𝑒
 [11] 

Where, 

u(m)= proportion of women using a given method 

e(m)= method-specific use-effectiveness 

cpr = prevalence of current contraceptive use 

Data on prevalence of method specific contraceptive utilization is easily gathered 

from DHS data for each country. The result of our review for method specific use 

effectiveness is presented in Annex 1.  

Index of postpartum infecundity (Ci)  

According to Bongaarts post-partum infecundity (a combination of lactationa l 

infecundity and post-partum abstinence) is calculated using the following formula; 
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 𝐶𝐶𝐶𝐶 =
20

18.5 + 𝐼𝐼
; [12] 

 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐶𝐶𝑚𝑚 ∗ 𝑇𝑇𝑇𝑇 [13] 

where, I is the mean duration(month) of lactation and post-partum abstinence 

Index of post-partum infecundity is a ratio of birth intervals in the presence and 

absence of lactation that measures the effect of extended periods of post-partum 

amenorrhea. Without lactation a mother is expected to be infecund for about 20 

months composed of 1.5 months infecundable interval following birth till the next 

menses, 7.5 months of waiting time to conception, 2 months of spontaneous 

intrauterine mortality and nine months of gestation. If the woman is lactating, the 

lactational infecundity extends more than 1.5 months and this duration is added to 

18.5 months of average infecundity from other causes (16). This index is then easily 

calculated from the STATcompiler data in DHS based on the above formula in our 

study. 

Index of Abortion (Ca)  

According to Bongaarts, because of the increased probability of post abortion 

pregnancy, the number of births averted per induced abortion is much smaller than 

the actual case, which is also highly influenced by the practice of contraceptive use 

following it. In the absence of contraception, an induced abortion averts about 0.4 

births, while about 0.8 births are averted when moderately effective contraception 

is practiced(15). This results in the following formula for the number of births 

averted: 

 Births Averted= 0.4 (1 + u), [14] 

 

Where “u” is the proportion protected by contraception 
among women who have had an induced abortion, it is 
assumed to be the equal to overall contraceptive prevalence 
rate 
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The average number of induced abortions per woman, TA, multiplied by the 

average birth averted gives the reduction in fertility, 

 A= 0.4(1+u) *TA; [15] 

Where ‘A’ equals the average number of births averted per woman by 
the end of the reproductive years. 

The observed total fertility rate in a population is ‘A’ births less than would be the 

case without induced abortion. Hence, the index of induced abortion is defined as 

the ratio of the observed total fertility rate, TFR, to the estimated total fertility rate 

without induced abortion, TFR + A. 

 𝐶𝐶𝐶𝐶 = 𝑇𝑇𝑇𝑇𝑇𝑇/(𝑇𝑇𝑇𝑇𝑇𝑇+ 𝐴𝐴) [16] 

However, finding ‘TA’ is challenging in most countries. As TFR is easy to find 

from DHS data, we used the fertility decomposition formula to estimate the average 

number of induces abortions per woman. However, exploration of data normality 

revealed inconsistent results of predicted index of abortion that violate 

decomposition assumptions. As a result, existing literatures were used to estimate 

prevalence of abortion and calculate this index using the above formula (120). 

Index of Sterility / infertility (Cf) 

Direct measurement of infertility is very difficult following its sensitiveness and 

the problem of dual causation in couples, though women are blamed for it in most 

cultures. The world health organization has developed an infertility monitor ing 

indicator defined as the number of women of reproductive age(15-49) at risk of 

becoming pregnant (not pregnant, sexually active, not using contraception and not 

lactating) who report trying unsuccessfully to get pregnant for two years or 

more(70).  
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In the demographic and health survey, women are not asked direct questions about 

infertility. However there are some indirect questions that address infertility or 

subfertility and aggregated indicators are easily retrieved from STATcompiler. 

Most questions that address infertility are found in responses to questions on the 

time since the last menstrual period (which is not available in the STATcompiler 

aggregate database), reason for not using contraception in the future, and desire for 

the next child, reports of no menstruation for five or more years and the like.  

Specifically, Indicators that address infertility can be found from percent of all 

women or married women with no children ever born according to five years age 

group, proportion of menopausal women, percent of married women who declared 

infecund for a desire to have more children, percent of currently married women 

who are not using a contraceptive method and who do not intend to use in the future 

that reasoned out menopausal/ hysterectomised or who reported infecundity or sub 

fecundity, percent of married women aged 40-44 or 45-49 who reported 

childlessness 

In this research, we have focused in defining infertility from self-reported infertil ity 

prevalence using childlessness for the age group 40-44. According to DHS 2004 

childlessness studies that use 45-49 age interval have multiple problems and it 

recommends using 40-44, which we adopted it as an estimate to primary infertil ity. 

On the other hand estimation of secondary infertility is done using proportion of 

married women who are not using a contraceptive and do not have the intention for 

future use and reasoned out infecundity or sub fecundity.  

𝐼𝐼𝑐𝑐𝑐𝑐

= 

 

𝑐𝑐ℎ𝐶𝐶𝑝𝑝𝑎𝑎𝑝𝑝𝑢𝑢𝑖𝑖𝑖𝑖𝑐𝑐𝑢𝑢𝑖𝑖𝑖𝑖 (𝐶𝐶𝑎𝑎𝑢𝑢 40− 44) + 

𝑒𝑒𝑢𝑢𝐶𝐶𝑖𝑖𝑐𝑐𝑐𝑐𝑢𝑢𝑎𝑎 𝑐𝑐𝑐𝑐 𝐶𝐶𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝐶𝐶𝑐𝑐𝑎𝑎𝐶𝐶𝑐𝑐𝑖𝑖 𝑐𝑐𝑒𝑒 𝑖𝑖𝐶𝐶𝑛𝑛𝑐𝑐𝐶𝐶𝑐𝑐𝐶𝐶𝑐𝑐𝑎𝑎𝐶𝐶𝑐𝑐𝑖𝑖 𝑐𝑐𝑐𝑐𝑒𝑒  

𝑤𝑤ℎ𝑖𝑖 𝑐𝑐𝑐𝑐 𝐶𝐶𝑐𝑐𝑐𝑐𝑢𝑢𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐 𝐶𝐶𝑖𝑖𝑢𝑢 𝑇𝑇𝑃𝑃 

[17

] 



 

41 
 

3.2.2.2.Socioeconomic variables (Distal Determinants of Fertility) 

There are multiple studies that show the importance of socio cultural and economic 

differences on fertility across individuals and across nations. Despite their indirect 

mechanism to affect fertility according to proximate determinates of fertility, it is 

crucial to model country level socio economic variables for their effect on fertility 

differences across time and among nations. Summary of all the explanatory 

variables at the socio economic and proximate determinates level are presented in 

Table 2. 

Table 2: Summary of dependent and independent variables related to fertility 

change 

Dependent 
i bl  

Independent variable 
 

 

 

 

 

 

Total Fertility Rate 

Socio Economic Variables 
Ethnic fractionalization 
Proportion urban (arc sine transformed) 
GDP per capita[log transformed] 
Education (secondary coverage) (arc sine transformed) 
Phone per capita(communication) 
Infant mortality rate 
age at first marriage 
Health expenditure per capita (log transformed) 
Proportion radio listeners (twice per week) (arc sine) 
External resource for health 
Income inequality (Gini Coefficient) 
Proximate Determinants of Fertility 
Index of Contraception 
index of sexual Activity 
Index of Abortion 
Index of Infertility 
Index of Post-partum infecundity 
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The majority of socioeconomic determinants of fertility are directly retrieved from 

the demographic and health survey special program called STATcompiler. The 

principal dependent variable, total fertility rate, and other distal predictors namely; 

proportion secondary educated women, Infant Mortality Rate, urban population 

proportion and age of marriage were all directly found from STATcompiler. 

Diffusion of ideas, as presented by the theory of diffusion, is an important 

mechanism to bring about behavioural changes for fertility reduction. This study 

has to model the effect of access to media represented by two variables; proportion 

of women who have listened to radio at least once a week and mobile penetration, 

the latter being retrieved from World Bank development indicators. These data 

were all checked for completeness and some incomplete reports were corrected by 

searching similar literatures on the area and UN databases for education and mean 

age of marriage.  

On the other hand, macroeconomic predictor variables which were modelled in this 

study are retrieved from the World Bank Development indicators(121). These 

indicators include per capita income (GDP per capita) measured in current USD, 

income inequality (Gini Coefficient), population density, health expenditure per 

capita, external resource for health, private health expenditure for health and out of 

pocket health expenditure. Despite the importance of per capita income, health 

expenditure per capita is a very important aggregate indicator that informs the 

amount of investment that individual countries are making in the health sector. 

However, health expenditure might not mean that such investments are used 

directly on fertility, but still we preferred this indicator as a proxy for expenditures 

on health and population.  

The ethnic diversity data is retrieved from the Norwegian Centre for Research Data 

(NSD).  Calculation of the ethnic fractionalization index was done according to 

methods used by Allensia et.al (104); one minus the Herfindahl index, an index 



 

43 
 

used in assessing market share, of ethnic and language group shares (equation [18]). 

This variable reflects the probability that two randomly selected individuals from 

a population belonged to deferent groups. 

 𝑇𝑇𝑒𝑒𝐶𝐶𝑐𝑐𝑐𝑐𝑗𝑗 = 1− Σ𝑆𝑆𝑖𝑖𝑗𝑗2  [18] 
Where  

 
Sij2   is the share of populations of each ethnic groups in a 
nation 

3.3.Data Management and Data transformation 

This is the most critical step in any data analysis - even with the best analysis, junk 

data will generate wrong results. Errors in data both from the dependent and 

independent variable do have their own effect on the final result of the study. It is 

agreed that measurement errors usually in the independent variable has the worst 

effect for any data analysis leading false conclusions. Indeed, data quality and 

completes is an important prerequisite in any statistical analysis. Cleaning of data 

is given a due emphasis in our study especially with regard to completeness, 

handling missing values, transformation of values to confirm with statistica l 

assumptions.  

The validity of analysis of variance depends on certain important assumptions like 

normality of errors and random effects, independence of errors and 

homoscedasticity of errors, which if violated will lead to biased estimates leading 

to faulty conclusion.  To normalize the distribution of our data to meet the 

assumption of statistical inference and improve interpretability of the findings, we 

conducted data transformation on different variables in the model. The log 

transformation is one of the most useful transformations in data analysis which is 

employed as a transformation to normality and as a variance stabilizing 

transformation. It is often used as part of exploratory data analysis in order to 

visualize and model data that ranges over several orders of magnitude. Accordingly, 
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income per capita, population density, and per capita health expenditure in our data 

were all log transformed.  

Other forms of transformation used in this study include odds ratio transformation 

and arcsine transformation. In our data, we have various proportions that represent 

country level predictors of fertility, most of which in proportions. It is well 

understood that proportions are binomial in nature and odds ratio transformation or 

arc sine transformation makes it normal. The primary focus of our research prefers 

to use odds transformation but for those data where the odds transformation doesn’t 

change it in to normal distribution, further data transformation using arc-sine in to 

radians was applied. The variance of a binomial proportions is a quadratic function 

of the mean (var (y) = “p*(1- p)/n)”; that violates the equal variance assumption 

required in linear models. Hence, the motivation behind using the arcsine 

transformation comes from its ability to stabilize the variance of binomial data, in 

the sense that it becomes approximately constant after transformation (122). 

Accordingly urbanization, proportion secondary educated, external resource for 

health and out of pocket health expenditure were all arcsine transformed while total 

health expenditure, private health expenditure and public health expenditure were 

odd (“odd = (p/1-p)”) transformed.  

After such transformations, univariate analysis of trends of total fertility and each 

predictor variables was explored. Following which, a bivariate analysis were 

conducted with transformed predictor variables and the dependent variable. We 

used density plot modelling technique to reflect the normally of distribution, and a 

panel plot was constructed to observe changes across time using “ggplot2” package 

in R (123). Further bivariate analysis was done using panel path plots and 

correlation plots. Bivariate statistical analysis was done using fixed effects model 

and further multivariate fixed effects and random effects regression was used to 

identify the best model to explain changes in total fertility across time per county.  
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3.4.Panel Data Model 

The panel data incorporates both between and within-country variation. Ordinary 

least squares (OLS) estimation often is inappropriate for use with such data because 

the errors are likely to be correlated within panels, and the unmeasured 

heterogeneity that causes this correlation may bias parameter estimates. Two 

common solutions to this problem are the generalized least squares (GLS) random-

effects model (REM) and the OLS fixed-effects model (FEM). During fixed effects 

model, individual unobserved variations are assumed to be correlated with other 

explanatory variables unlike the random effects model; see the model below 

 𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒(𝛼𝛼𝑖𝑖 ,𝐶𝐶𝑖𝑖𝑖𝑖) = 0, [19] 

Where,βRE, βFE  are both consistent and se(β)RE < se(β)FE. 

If the above assumption fails, fixed effects is solely a consistent estimator,  

yit = β1 xit + ai + uit  ;here ai=unobserved individual variations…. Fixed Effects 

model. 

Analysis of the effect of explanatory variables requires elimination of the 

unobserved variation within individual countries using pooled OLS regression of a 

time demeaned fixed effects model1. This will result in the following model for the 

current study; 

𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝐶𝐶𝑐𝑐𝑖𝑖𝑖𝑖 + 𝐶𝐶𝑖𝑖 + 𝐶𝐶𝑖𝑖𝑖𝑖 [20] 

 The above model comes from the following relation  
Fixed eff 𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝐶𝐶𝑖𝑖𝑖𝑖+ 𝐶𝐶𝑖𝑖 + 𝐶𝐶𝑖𝑖𝑖𝑖 [21] 

B/n effect 1
𝑇𝑇
∑ 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖=1 =𝛼𝛼𝑖𝑖+𝛽𝛽1 ∗

1
𝑇𝑇
∑ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖=1 +1

𝑇𝑇
∑ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖=1  [22] 

                                                                 
1 A pooled OLS estimator that is based on the time-demeaned variables is called the fixed effects 
estimator or the within estimator124.Wooldridge JM. Introductory econometrics: A modern 
approach: Nelson Education; 2015. 
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Pooled OLS 
 Eqn(18-19) 

(𝑌𝑌𝑖𝑖𝑖𝑖 −
1
𝑇𝑇
∑ 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖=1 ) =(𝐶𝐶𝑖𝑖 − 𝐶𝐶𝑖𝑖) +𝛽𝛽1(𝐶𝐶𝑖𝑖𝑖𝑖 −

1
𝑇𝑇
∑ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖
𝑖𝑖=1 )+(𝐶𝐶𝑖𝑖𝑖𝑖 −

1
𝑇𝑇
∑ 𝐶𝐶𝑖𝑖𝑖𝑖)
𝑖𝑖
𝑖𝑖=1  

[23] 

Eqn(18=21) 𝑌𝑌𝑖𝑖𝑖𝑖′ = 𝛽𝛽1𝐶𝐶′𝑖𝑖𝑖𝑖+  𝐶𝐶′𝑖𝑖𝑖𝑖 [24] 

Where, TFR_it and X_it  values represent the dependent and explanatory 

predictors of  Individual observations for country “i” at time “t” and 

TFR'_it and X_it  are time demeaned values 

An alternative model that assumes the individual unobserved variations to be 

uncorrelated with the explanatory variables uses a random effects model with 

quasi-time demeaned variables.  

TFRit = 𝛽𝛽0𝑖𝑖 + 𝛽𝛽1𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖+ 𝛽𝛽2𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝐶𝐶𝑐𝑐𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝑐𝑐𝑒𝑒𝐶𝐶𝑐𝑐𝑢𝑢𝑐𝑐ℎ𝑖𝑖𝑖𝑖  
+ 𝛽𝛽7𝑖𝑖𝑒𝑒𝑎𝑎𝐶𝐶𝑚𝑚𝑖𝑖+ 𝛽𝛽8𝑒𝑒𝑢𝑢𝑎𝑎𝑖𝑖 + (𝐶𝐶𝑖𝑖 + 𝐶𝐶𝑖𝑖𝑖𝑖) 

[25] 

Where, 𝐶𝐶𝑖𝑖   represents unobserved individual variations (individual heterogeneity) 

that are not related to explanatory variables. This assumption leads to cumula t ive 

errors to be serially correlated which necessitate the use of appropriate GLS models 

to address serial correlation, clustered errors. The advantage of using this model is 

time invariant control variables can be easily modelled in to the equation. The REM 

also preserves both between and within-country variations which are important to 

the analysis. The REM has the advantage of greater efficiency relative to the FEM 

leading to smaller standard errors of coefficients and higher statistical power to 

detect effects (Hsiao 2003). However the choice of our model depends on further 

statistical tests, principally, Haussmann test and theoretical assumptions of the 

explanatory variables. The test evaluates the consistency of an estimator when 

compared to an alternative, less efficient, estimator which is already known to be 

consistent. It helps one evaluate if the null hypothesis of there is no correlation 

between individual characteristics and other explanatory variables is a consistent 

measure or not. Despite the findings of the Hausman test, we applied the random 

model to check the association of time invariant repressors on total fertility. 
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3.5.Ethical approval 

This data was retrieved from STATcompiler tabular data summaries for DHS data 

in each country. To have access to the data an online registration to the DHS 

database was done and approval was found from DHS data centre.  Further ethical 

approval for the study was also taken from the institutional review board of Seoul 

national University on August 22/2016 with approval number ZRB NO.E 

16081003-008.  
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Chapter 4. Results and Analysis 

4.1. Univariate analysis 

4.1.1. Dependent variable 

Fertility has declined from 1984s to 2014 in all the developing world. However the 

rate of reduction looks different in each area. Africa is still home for high fertility 

having an average of more than 5 births per woman while countries in Asia and 

Latin America have the lowest fertility with a declining trend. Observing the recent 

two DHS surveys, we have found that fertility has already stalled in 8 sub Saharan 

countries namely Burkina Faso, Niger, Cameroon, the two Congo’s, Mozambique, 

Zimbabwe and Namibia. A fertility decline is said to ‘stall’ when the downward 

trajectory of rates from high ‘pre-transitional’ levels towards the long-run 

replacement level comes to a halt well before this level is reached (125, 126). In 

almost all countries in the other regions, fertility in the recent two DHS surveys 

doesn’t show any stall except for Dominican republic, Peru and Ecuador in Latin 

America all having TFR three and below; Kyrgyzstan and Egypt in the Middle East  

and Indonesia in South and Southeast Asia at a TFR level of 2.6.  For the most 

recent DHS data, TFR is below four for Latin America, below three except Timor-

Leste (5.7); for South and Southeast Asia, below four for the Middle East except 

for Tunisia and Yemen (4.2 and 6.5 respectively). While in Sub-Saharan Africa 

only four countries have less than four total fertility namely Lesotho, Namibia, 

South Africa and Swaziland, 18 countries have fertility above five of which seven 

countries namely Burkina Faso, Burundi, Chad, Congo Democratic Republic, Mali, 

Niger and Uganda have total fertility six and above. 
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Combining all the DHS surveys and assuming that these data came from a pooled 

cross sectional data, we conducted descriptive analysis for most of the study 

variables. Most of these variables in our study are continuous in nature except name 

of country, region, year of survey and year dummy which represents before and 

after the 2000 G.C. These study variables are further disaggregated as proximate 

and distal determinants of fertility as shown in the methodology section (page 33). 

For a pooled data of DHS surveys, descriptive statistics, such as mean, standard 

deviation, minimum, maximum and range values were explored across region and 

time dummy. An aggregate mean value of total fertility across region shows that it 

is high for sub-Saharan Africa at a mean value of 5.56 (se=0.09) while it is 

relatively low for most of the regions. Latin America and the Caribbean countries 

have a mean total fertility of 3.5 (Se=.88) and 3.18 both for the Middle East and 

South and Southeast Asia. However the variation either between or within 

individuals is very high in Latin America followed by the Middle East. On the other 

Figure 3: Variations in total fertility by country and by region 
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hand, aggregation of fertility by region, disregarding between country and within 

country across time differences, will lead to loss of important information. Hence, 

to have a better estimation of total fertility, we estimated the mean value across 

region and across time dummies.  

The finding of this description among countries and across time displays that total 

fertility is still very high in sub-Saharan Africa both before and after 2000 at a value 

of 5.92 (se=0.076) and 5.33 (se=0.084) respectively with a small reduction in mean 

fertility, while at the same time increasing the variation among countries in sub-

Saharan region, probably due to some fertility reduction intervention in some of 

these countries. All the other regions have a moderately low mean fertility, with 

the highest reduction in fertility achieved in Latin America and the Middle East 

regions.  However as the standard error shows, the Middle East countries have 

demonstrated a huge disparity in their level of fertility while sub-Saharan countries 

have the lowest variation in the late 20th century. Similarly the Middle East 

countries continue to have the most dispersed fertility in the early 21st century 

followed by South and South East Asia; despite the highest reduction in regional 

fertility dispersions in the Middle East countries.  

The following panel plot, Figure 4, shows the total fertility across regions grouped 

by countries. As the descriptive statistics clearly indicates, and as the plot (Figure 

3) also confirms, sub-Saharan Africa has a higher level of total fertility. This 

finding is against most literatures which  indicate  the greater cultural and economic 

diversity in sub-Saharan Africa than in Latin America, the Arab states or South 

Asia; which might cause huge variation in fertility level across individual countries 

and  might make regional aggregation challenging (127). In this study, dispersion 

of fertility levels between countries is found to be very high for the Middle East 

region and seems mild for Latin America and Caribbean region, sub-Saharan 

Africa and south and Southeast Asia.  On the other hand, this might still be true 
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taking the fewer samples those regions with huge variation do have, unlike sub-

Saharan countries included in this survey.  

 

Figure 4 above shows the trend in total fertility in the developing world. As we can 

see the graph, total fertility is very high and the speed of decline has been swindling 

between 2000 and 2005 and again it starts to decline 2005 onwards in most of the 

sub-Saharan countries. While for most other regions total fertility has already fallen. 

However, Yemen republic is found to be an outlier in the Middle East region. To 

better understand the rate of change in total fertility across country, we will explore 

proportion change in total fertility between two surveys using the following 

formula for all countries. The first observation will have no difference since it has 

no previous study.  

 ∆𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖1−𝑖𝑖2 =
𝑇𝑇𝑇𝑇𝑇𝑇

𝑝𝑝𝐶𝐶𝑎𝑎(𝑇𝑇𝑇𝑇𝑇𝑇)− 1; [26] 

Where lag (TFR) indicates the total fertility in the previous year. 

Figure 4: Panel plot of total fertility across time disaggregated by region 
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The result of these fertility changes across time is shown in Figure 5, which 

demonstrates that fertility has been declining faster before the millennium than 

after. The relative decline in pace of fertility reduction in LA and the Middle East 

can be explained due to a relatively fast fertility reduction in the late 20th century 

while for sub-Saharan Africa, despite the very high total fertility rate that prevails 

in almost all countries, pace of decline has surprisingly reduced across time in most 

counties. Generally, despite a slight trend of increase in the pace of fertility which 

seems happening after 2010, pace of fertility decline has already stagnated in sub-

Saharan Africa. 

Figure 5: proportional change in total fertility within a country between two 
sucessive survey periods 
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4.1.2. Proximate determinants of fertility 

Proximate determinants are believed to be inhibitors of fertility as their occurrence 

decreases the maximum expected fertility at an individual level. The index of 

sexual activity or sexual intercourse is usually calculated as the index of non-

marriage than marriage. Proportion married or sexually in union are expected to be 

exposed to the risk of pregnancy and fertility while those not in union are believed 

to inhibit fertility. The four proximate determinants are considered as inhibitors of 

fertility, because their action means that fertility is lower than its theoretical 

maximum. Fertility is lower than its maximum because of; Delayed marriage and 

marital disruption, the use of contraception, induced abortion and postpartum 

infecundability due to breastfeeding and postpartum abstinence have a negative 

effect to fertility. 

Index of sexual activity 

Our model assumes that the fertility differentials across communities is explained 

by five factors; index of sexual activity, index of abortion, index of contraception, 

index of post-partum infecundity and index of infertility (18). Aggregate data from 

DHS STATcompiler doesn’t have age specific marital fertility. This makes 

calculation of index of marriage according to Coale (39, 128) a little challenging. 

On the other hand, unlike Coale’s formula, sexual activity is approached different ly 

in most DHS surveys. With this understanding, we decided to use the proportion 

of reproductive age women that were either sexually active in the last month or 

have been exposed to the risk of pregnancy recently (women who are currently 

pregnant and post-partum abstaining) to approximate the sexual activity on fertility. 

The data on recent sexual activity, retrieved on Jan 2016 from DHS STAT compiler 

shows complete data for about 211 individual country years out of 267 country year 

observations we expect.   
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The index of sexual activity (Cx) gives the proportion by which TFR is smaller 

than marital fertility (TMF) as the result of sexual inactivity or non-marriage; Cx 

= 0, if nobody is married or sexually active and Cx = 1, if all women are married 

or sexually active during the entire reproductive period. Figure 6 represents the 

density plot for average sexual inactivity on fertility across different regions 

treating the panel data as pooled data.  

 

This density graph (Figure 6) for our panel data illustrates average density of 

sexually active women across developing regions using DHS survey. Despite the 

limitations of the density plots to show time variations across individua l 

countries, in South and South-East Asia most of the countries have an index of 

sexual activity around 0.68.  On the other hand at a mean value 0.65, the index 

Figure 6: Density plot for average effect of sexual inactivity on fertility (Cx) by 
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of sexual activity in Africa is a little lower than south and South-East Asia/S-

SEA/ but has a unipolar distributions unlike S-SEA where it has bimodal 

distribution and wide variance. Latin America on the other hand has the lowest 

proportion of sexually active reproductive age women with mean index value 

of .54 (se=0.01) which indicates that the effect of fertility reduction from being 

sexually inactive is greater in the region. In contrast, its effect in South and 

South-East Asia is the weakest, with index of sexual activity being 0.68 

(se=0.02), giving a fertility reduction of 32%. However the variation is very 

strong in the Middle East indicating either of the between or within variation 

probably due to the limited number of DHS surveys in the region.  A cross tab 

analysis of the regional differences shows that the index of sexual inactivity is 

significantly different among regions at 95% degrees of confidence. This might 

be due to the cultural differences. In societies where there is a strong social value 

for marriage, this proportion might be high, while on other societies where 

marriage is low and extramarital life is high, people might have the lowest 

percentage of sexually active or married population. 

However the above graph treats the data as a pooled cross sectional data; 

disregarding its time variation within individual countries and across countries. 

As a result we observed a cross tabulation of the index using region and year 

dummy. Accordingly, we can see that the index of sexual activity has increased 

in two regions; Latin America and the Middle East, showing a decreased effect 

in fertility reduction from sexual inactivity across time. On the other hand, it 

shows a slight decline in Sub-Saharan Africa and South and South East Asia, 

showing an increase in its effect on fertility reduction across time. Despite its 

shift in trend, we can notice that the effect of sexual inactivity on fertility 

reduction is very high in Latin America with slight shift in order among other 

regions through time. This can be clearly noticed from the following plot that 

shows trends across individual countries. 
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Further disaggregation of these finding shows that across time (Figure 7), there 

is varying trend among the different regions. In Africa, there seems slight decline 

in Cx from early 1980s to early 2000, which started to increase after 2005. On 

the other hand, in Asia it has declined dramatically. For some of the European 

developing countries and Middle and Central Asia, the distribution of Cx seems 

vague to interpret due to the small number of observations and the presence of 

wide variations, as well as outliers; while it shows a slight increase in Latin 

America and the Caribbean countries.  

Contraceptive index and contraceptive effectiveness 

Contraceptive use Effectiveness is ideally measured as the reduction in risk of 

pregnancy among a woman exposed to contraception and those not exposed to it. 

This method of use effectiveness estimation requires either a clinical trial or 

community trial. The most commonly used methodologies are presented in the 

literature review, Tietz (43, 48, 49)-probabilities of pregnancy during contraceptive 

Figure 7:  Panel plot of index of sexual activity disaggregated by regions across 
time 
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use , Raymond pearl (48, 50, 129)-pearl index, and Potter and Tietze (49, 130)-

recommend actuarial techniques based on life table methods. Since life-table 

techniques were introduced, they have become generally accepted as the preferred 

method for assessing contraceptive use-effectiveness.  

In this study, estimation of method specific contraceptive use effectiveness was 

calculated based on systematic review of literatures across Africa, Europe, the 

Americas and Asia from PubMed and other Website’s using the Boolean terms of 

contraceptive effectiveness and contraceptive failure. After calculating the average 

method specific use effectiveness, the average use effectiveness per individua l 

country year observations, “e”, is estimated according to equation [11]. The result 

of our review for method specific use effectiveness is presented in Appendix-1. 

The average contraceptive effectiveness for each country is therefore calculated 

based on the above formula which is further applied to calculate the contraceptive 

index. Our final estimation of the average contraceptive effectiveness is presented 

in Figure 8. 

 
Figure 8: panel plot of contraceptive effectiveness by region 
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Observation of the above graph shows that contraceptive use effectiveness has 

showed a linear increment from early 1990s to 2014 from around .91 to .94 while 

it was almost stable in South and South-East Asia at an average value of around .93. 

The Middle East on the other hand has a contraceptive effectiveness that ranges 

from .90 to .92 while for Lain America it is stable around .95 despite its wide 

variation.   As most literatures have tried to point out, contraceptive effectiveness 

is affected by empirical contraceptive efficacy as well as user characterist ics. 

Among the commonly mentioned user characteristics that affect contraceptive 

effectiveness; consistent and correct utilization, obesity/body mass index/, 

interaction and others are mentioned. As can be seen in the case of Africa, the 

existing low awareness on contraceptive use and appropriate utilization might be 

the factors for its low effectiveness in the early 1990’s but we can see a relative 

improvement then after, increasing utilization rate and increasing level of 

awareness. While in other regions, the level of effeteness is relatively high 

especially in Asia and Latin America which still might be due to the difference in 

educational level among users of contraceptive. While in the Middle East, the 

effectiveness is relatively low which might be due to the small number of individua l 

countries to show the real picture in the region. 
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Lastly estimation of the contraceptive index using the existing information from 

method specific contraceptive use from DHS and method specific use effectiveness 

from our literature review presents a declining index in almost all regions of the 

developing world. A decline in contraceptive index indicates that contraception is 

highly practiced and the fertility inhibition effect is much strong. Our review of 

DHS surveys show its strongest effect on fertility reduction in Latin America (0.43, 

se=0.02) and the weakest effect for Sub-Saharan Africa (Cu=0.79, se=0.01). 

However, observation of the trend in Figure 9 illustrates that the index is declining 

across time in Latin America and the Caribbean, Sub-Saharan Africa and South 

and South East Asia which suggests the increment in contraceptive prevalence rate 

across time in most regions of the world. 

Index of postpartum insusceptibility 

In reproductive age women who are not using any method of fertility regulation, 

differences in fertility are better explained by post-partum abstinence and duration 

of breast feeding which are highly affected by cultural values take the highest share 

Figure 9: index of contraception across time by regions 
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to explain the variation. Post-partum insusceptibility is a combined measure of the 

effect of lactation and post-partum abstinence on fertility reduction. The index of 

postpartum infecundity as presented in Figure 10 shows that this value is high for 

European countries and lowest for African countries, except for Burundi which has 

the highest at a value of 0.9 (seen as an outlier in the figure). The lowest the index 

is the higher its effect on fertility reduction. It means that, Sub-Saharan Africa has 

the highest reduction in total fertility due to postpartum infecundity (Ci=0.6, 

se=0.01) while the Middle East has the lowest fertility reduction from post-partum 

infecundity (Ci=0.77, se=0.01). However after 2000, this value is rising in African 

countries too, indicating probably the loosening of such cultural effects, reduction 

in duration of breast feeding or loosening of the duration of postpartum abstinence. 

 

Index of abortion  

As we have explained in Chapter 3: Methodology section; we retrieved abortion 

data from literature. Our literature review indicates that in the last five years, the 

Figure 10: Index of post-partum insusceptibility across time among different 

Burundi 
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lancet has published the incidence and trends of induced abortion globally and 

across regions from 1995 to 2008 (29). We found this evidence to be 

comprehensive one and decided to use it for our further estimation of the 

contraceptive index. Accordingly, the fertility reduction effect of induced abortion 

is much higher in Latin America and South and South East Asia, with a fertility 

reduction of about 17% (Ca=.83, Se=0.01).    

Disaggregation of the index of abortion across region and year dummy indicates 

that the index of abortion has slightly declined for Latin America and the Middle 

East, showing the relative high effect of abortion on fertility reduction in these 

regions, while it is stable both for south and South-East Asia and sub-Saharan 

Africa. Generally, sub-Saharan Africa looks to have the highest value for index of 

abortion representing its weak effect in fertility reduction, at a mean value of 0.91 

in the 1990s that seems stable even after 2000.  

 

 

Figure 11: Box plot of index of abortion disaggregated by regions 
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This might be due to the lack of services in most parts of Africa or if it is there, it 

is usually in unsafe way and is poorly registered and reported. Another very 

peculiar nature of the index of abortion is observed in its wide variation for most 

other regions, South and South-East Asia, Eastern Europe and Latin America while 

almost less variant in sub-Saharan Africa. 

Index of infertility  

Using the survey data, we found a complete 181 country year data for our study 

related to infertility. However, our methodology is a panel data design that is 

sensitive to missed data and we approached to manage missed data by reviewing 

different literatures that estimated infertility from community surveys, DHS and 

other related surveys.   

 

Taking the data as pooled cross sectional data, we found that countries in the 

Middle East region have  the strongest inhibition  in their total fertility due to the 

Figure 12: Index of infertility across time among different regions 
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effect of infertility at an index of 0.76(se=0.03); while relatively low in sub-

Saharan Africa. Observation of the index across year dummy and across regions 

on the other hand shows a strong fertility reducing effect of infertility in the Middle 

East; 0.82 (se=0.1) and lower for sub-Saharan Africa 0.89 (se=0.06) in the late 20th 

century. Similarly in the 21st century Latin America continued to have the weakest 

index of infertility, 0.7 (se=0.14) and sub Saharan Africa continued to have the 

strongest index of infertility, 0.87 (se=0.06). This observation across time on the 

effect of infertility on total fertility rate reduction shows that index of infertility has 

declined in almost all regions, the highest reduction being in Latin America 

followed by the Middle East.  The reduction in sub-Saharan Africa is quite 

relatively small, making the fertility reduction effect of infertility lower in sub-

Saharan Africa and stronger in Latin America. Nonetheless data from other studies 

indicate a high prevalence of sexually transmitted infections and their poor 

management in Sub-Saharan Africa; this contradicts the existing evidence, 

probably it might be due to the sensitiveness of the issue that makes it less reported 

in DHS surveys. 

In summary, with respect to decomposition of changes in total fertility, once the 

index of these proximate determinants are identified, it is most important to see the 

proportional contribution of each of these proximate determinants to the reduction 

in total fertility. This was done in a similar fashion that we did to understand 

proportional changes in total fertility within a country across time as in Equation 

(19, 20, 25, 59, 131) of Table 3.  
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Table 3: Formulas used to decompose proportional contribution of indices of 
proximate determinants on fertility reduction among countries across time. 

 𝑃𝑃 =
𝑇𝑇𝑇𝑇𝑇𝑇2 − 𝑇𝑇𝑇𝑇𝑇𝑇1

𝑇𝑇𝑇𝑇𝑇𝑇1
 =

𝑇𝑇𝑇𝑇𝑇𝑇2
𝑇𝑇𝑇𝑇𝑇𝑇1

−  1 [27] 

 
𝑃𝑃𝑐𝑐 =

𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

 –  1 

(this applies for all other proximate determinants) 
[28] 

 𝑃𝑃 + 1 =
𝑇𝑇𝑇𝑇𝑇𝑇2
𝑇𝑇𝑇𝑇𝑇𝑇1

 [29] 

 

𝑃𝑃𝑐𝑐 + 1 =
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

 

(This applies for other proximate determinants too, and 
rearranging these to equation-2, Stover’s decomposition 

formula results in :) 

[30] 

1 + P = 
(𝐶𝐶𝐶𝐶2 ∗ 𝐶𝐶𝐶𝐶2 ∗ 𝐶𝐶𝐶𝐶2 ∗ 𝐶𝐶𝐶𝐶2 ∗ 𝐶𝐶𝑐𝑐2)
(𝐶𝐶𝐶𝐶1 ∗ 𝐶𝐶𝐶𝐶1 ∗ 𝐶𝐶𝐶𝐶1 ∗ 𝐶𝐶𝐶𝐶1 ∗ 𝐶𝐶𝑐𝑐1)  [31] 

 �
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

∗
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

∗
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

∗
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶1

∗
𝐶𝐶𝑐𝑐2
𝐶𝐶𝑐𝑐1

� [32] 

1 + P = (1 +  𝑃𝑃𝐶𝐶) 𝐶𝐶 (1 +  𝑃𝑃𝑐𝑐) 𝐶𝐶 (1 +  𝑃𝑃𝐶𝐶) 𝐶𝐶 (1 +  𝑃𝑃𝐶𝐶) 𝐶𝐶 (1 +  𝑃𝑃𝑐𝑐) [33] 

= 

1 + 𝐶𝐶15 =5 individual proportion change in indices   + 
𝐶𝐶25 =10 binary multiplicative combinations of % change in indices + 
𝐶𝐶35 = 10 triple multiplicative combinations of % change in indices + 
𝐶𝐶45 =5 four multiplicative combinations of % change in indices  + 
𝐶𝐶55 =1 five multiplicative combinations of % change in indices 

 

= 

1 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑐𝑐 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑐𝑐 + 
𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑒𝑒 + 𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶 + 𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶 + 𝑃𝑃𝑐𝑐𝑃𝑃𝑐𝑐 +
𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑒𝑒𝑃𝑃𝑐𝑐 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝑐𝑐+
𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶+ 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐+ 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 +

𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 +
𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐+ 𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐+  𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐 + 𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝑐𝑐) 

[34] 

= 1 + Pf=1 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑐𝑐 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑐𝑐 + 𝐼𝐼2 [35] 

 Pf =𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑐𝑐 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝐶𝐶 +  𝑃𝑃𝑒𝑒 + 𝐼𝐼  

                                                                 
2 The interaction term is assumed to be the sum of all  the multiplicative combinations of the 
percentage changes in proximate indices across time as i l lustrated in the above formula; 
equation 37. 
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Where 

P=proportion change in total fertility  
Px=proportion change in index of sexual activity  
Pc=proportion change in index of contraception  
Pi=proportion change in index of post-partum infecundity 
Pa=proportion change in index of abortion 
Pf=proportion change in index of infertility 

 

 % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐶𝐶𝑛𝑛𝐶𝐶𝑐𝑐𝑢𝑢𝑎𝑎 𝑛𝑛𝑖𝑖 𝐶𝐶𝑐𝑐 𝐶𝐶𝑐𝑐𝑎𝑎𝑢𝑢𝐶𝐶 =
𝑐𝑐𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑃𝑃

 [36] 

 

The proportional change of each proximate index between two time points 

represents the number of children reduced due to the proximate determinant. 

Accordingly, the sum of the proportional changes in each index between two time 

points calculated as per equation-[30] gives us a value equal to the proportional 

changes in total fertility rate. Using this information, we calculate the percentage 

contribution of each proximate determinant in the reduction of total fertility across 

time per country, using equation-[36].  With this, it is very clear to understand 

which proximate determinant is very influential in fertility reduction across nations. 

The results of this analysis demonstrates that contraceptive index is the principal 

factor for the reduction in total fertility. It explains averagely more than 75% of 

fertility differentials in South and South East Asia and Latin America, while 

explaining around 50% of the fertility reduction in Africa, despite the existing huge 

between country variations. At the same time index of sexual activity, which is one 

of the strong predictors of fertility contributes for an average of 25% change in 

total fertility in Africa, while being insignificant almost in all other regions. On the 

contrary, index of post-partum infecundity, unlike the lower value for its index, its 

contribution to the reduction in total fertility across time is rather positive, 

contributing to a gain in the number of births per woman, especially in Africa and 

South and South East Asia. This is due to the decrease in the effect of contraceptive 

infecundity across most parts of the developing world especially the above two 
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regions. This intern might be due to the changes in life style following globalizat ion, 

which deranges the cultural values of post-partum abstinence, longer duration of 

exclusive breast feeding and the like.  

Index of infertility on the other hand is a weak predictor for average changes in 

total fertility; it has a strong fertility reduction effect only in Latin America. 

Nonetheless, index of abortion is found to have a very strong fertility reduction 

factor in Latin America and the Caribbean, South and South East Asia, contribut ing 

around 15% reduction, and in Africa by contributing to around 10% reduction in 

total fertility (Figure 13).  

The wide variation between changes in total fertility and the predicted contribut ion 

from proximate determinants might indicate that proximate determinants only 

might not be enough to explain changes in total fertility. This is also supported by 

the presence of relatively sparse distribution away from the mean value of zero for 

the interaction term, which also reflects either of a between or within nations 

variation. 

Figure 13: Changes in total fertility and contribution of the proximate determinants & 
interaction term 
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Note: Figure 14 illustrates percentage contribution of each of the five proximate 

determinants for fertility reduction across time. Left upper panel indicates index of 

post-partum infecundity, right upper panel represents index of contraception, lower 

left panel for index of sexual activity, lower middle panel for index of abortion and 

lower right panel for index of infertility. All are disaggregated by region (x-axis), 

LA= Latin America, ENAWCA= Middle East, S-SEA=south and South East Asia 

and SSA=sub-Saharan Africa. A median value below zero indicates the 

contribution of the index for fertility reduction, near zero means no effect on 

fertility reduction and above zero means a positive contribution for fertility. 

Figure 14: proportionate change in TFR contributed by proximate variables 
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4.1.3. Distal Determinants of fertility 

Age of Marriage:  

Postponement of marriage makes a substantial reduction in index of marriage (Cm- 

proportion of women married). Physiologically, after puberty female fertility starts 

to increase peaking at around mid-20s and declines slowly then after. A woman 

aged 35 and above will have a dramatic drop in probability of getting pregnant and 

giving a live birth (76, 114). Our study revealed that mean age of marriage is around 

21 years both in Latin America and Middle East, while being around 18.5 for South 

and South East Asia and sub-Saharan Africa. Mean age of marriage in Namibia is 

exceptionally high , with mean value of  26-28, despite the existing high prevalence 

of premarital birth; 43 percent of all births (132). However the standard error shows 

a value of 0.42 for South East Asia, 0.34 for Latin America, 0.28 for the Middle 

East and 0.2 for SSA, illustrating a more dispersed age of marriage between 

countries or within countries in Latin America than SSA. The finding of closely 

dispersed age of marriage data in sub Saharan Africa shows that most sub-Saharan 

Figure 15: Age of Marriage across time between regions 
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countries are characterized by universal early marriage that needs to be explored 

further. A further investigation on age of marriage across regional and across year 

dummy reveals that still Latin Americans does have relatively the oldest age of 

marriage both before and after the millennium. 

Despite the lower mean value, there is relatively better increase in age of marriage 

in the Middle East and South and South East Asia followed by sub-Saharan Africa; 

Figure 15.  Moreover, the standard error shows a very small variation for sub-

Saharan Africa which might further tell us the small variation among individua l 

countries, while the presence of huge standard error for Latin America and south 

East Asia might indicate the presence of either a within variation or any outliers. 

Comparison of the standard errors across time shows that most regions have a 

falling standard error which might indicate the reduction in variation among 

individual countries while in sub-Saharan Africa the variance has increased, 

showing the growing disparities probably due to the increase of age of marriage 

within individual countries (Annex 5).  

Infant Mortality Rate 

Infant mortality rate according to DHS data was lower in Latin America and the 

Middle East but high in South and South East Asia and sub-Saharan Africa. In SSA, 

it was estimated to be 76.38 (se=2.15). The variance in the Middle East and south 

and south-East Asia was 3.95 and 3.8 respectively, showing a higher either between 

or within variation in these regions.  

Further disaggregation of infant mortality across regions and year shows that infant 

mortality rate still to be very high in sub-Saharan Africa in the late 20th century, 

88.3(se=2.167), and low for Latin America, 49.3(se=2.493). However, in most 

regions it has demonstrated a fall in its burden, in the 21s century. Sub-Saharan 

Africa even if it has the highest rate of mortality, it has declined dramatically to  
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68.6 (se=1.813), a reduction of more than 22 percent.  Observation of the between 

variation across time demonstrates a decline in variation except in South and South 

East Asia where there is a huge dispersion of survey findings either due to outliers 

or real disparities among individual countries or across time. 

 

The above boxplot (Figure 16) shows infant mortality across regions and explores 

the within variation. The individual boxplots which are grouped by region show 

the variation across time. The vertical length indicates the within variation whereas 

the gap among individual boxplots shows the between variation. As the tabular 

output has clearly indicated (Annex 1) this figure also confirms the improvement 

in infant mortality, length of boxplots, while at the same time showing the existing 

high variation in south and south East Asia.  

 

 

Figure 16: Box plot of infant mortality rate by country and region 
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GDP Per Capita 

The other important distal determinant factor in fertility is the economic 

development and social development in the country. Using GDP per capita taken 

from the world bank data as the indicator for economic development, it shows that 

countries in Latin America have an average of more than $2260 (se=206) USD 

while the Middle East has the second better average income, $1819 (se=225) USD.  

The standard error shows the presence of disparities among individual countries or 

within individual countries. In sub-Saharan Africa and South and South East Asia 

GDP per capita was $766.86(se=115) and $988.7(se=192.6) respectively, showing 

a very huge either within or between variation for south East Asia. The range of 

GDP per capita shows that sub-Saharan Africa has the widest gap from $124 to 

$10642 USD per capita. On the other hand, the inclusion of year dummies has 

witnessed the wide dispersion among individual countries within the Middle East. 

Observation of the data across time shows that Latin American countries have 

improved their GDP per capita to $2884(se=231.5) followed by the Middle East 

and South and South East Asia at a mean income of $2353(se=223.8), 

$1283(se=234.6) respectively. Whereas; as Sub-Saharan Africa remains to have 

the lowest GDP per capita, 980. (Se=142.7), with a very slow progress in the 

improvement across time. Regardless of this, the income disparity in sub-Saharan 

Africa has increased too much. This is probably introduced by outliers as can be 

seen in the following figure, Figure 17.  
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Population Density 

From the point of view of politicians and leaders in various areas, population 

density is one of the factors that promotes or demotes fertility regulation 

interventions. There are various theories both from academicians and politic ians 

which justify that countries with low population density need to grow in their 

population or a growth of their population is not a challenge for their economic and 

social development. As a result we would like to control population density for our 

study. A descriptive view of population density, Figure 18, reveals that South East 

Asia has an average of 366.6 (se=61) people per square kilometres while Latin 

America has an average of 96(se=13) people per km ranging from 6.21 to 374.  

Figure 17: Box plot of GDP per capita across nations grouped in regions 
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Sub Saharan Africa is still the lowest densely populated area with mean density of 

73.2(se=8.2) that ranges from 2 to 418. A further look at the variation across year 

dummy shows that population density is very high in south East Asia both before 

and after 2000 but with high disparity among countries. A general observation of 

the population density indicates that there is a small variation among regions and 

across time and the dispersion is also very small across time; Annex 5.  

Urbanization 

Total fertility is found to show differences between urban and rural areas, making 

urbanization an important factor for fertility variations across the globe. A review 

of the percent of urban population indicates that Latin America and the Middle East 

regions have the highest mean value for percent urbanized 59.7 and 55 percent 

respectively; while it is low in south East Asia and sub-Saharan Africa. However 

the standard error is very high in the Middle East and south East Asia regions 

indicating either of the very high within or between country variations or any 

Figure 18: Density plot of population density by regions 
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outlier information.  Observation of distribution in urbanization across regions and 

year dummy still shows Latin America to be highly urbanized in the late 20th 

century. Despite this, observation across time shows that urbanization in Africa has 

increased from 27% to 33.4%, an indicator for growth of urbanization within 

individual countries across time or differences in urbanization among countries. 

The highest between variations is observed in the Middle East as can be seen in 

Figure 19. 

 

Health Expenditure 

Per capita health expenditure and total health expenditure data retrieved from the 

world health organization were used to see the health expenditure among individua l 

countries across time. These predictors were both relatively high for Latin America 

and the Middle East regions despite existing high variation among individua l 

countries. The average per capita health expenditure in Latin America was 123 

USD (se=14.8) in the late 20th century and 164 USD (se=14.8) followed by the 

Figure 19: Panel plot or proportion urban in four regions of DHS data 
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Middle East 62 USD (Se=10.8) and 108 USD (Se=11.7). South and Southeast Asia 

and sub-Saharan Africa were the regions with the lowest per capita health 

expenditure both before and after the millennium despite some improvement across 

time. Namibia and Gabon do have a relatively high per capita health expenditure 

making them outliers from the region as can be seen from Figure 20. Interestingly 

in most regions, per capita health expenditure is growing overtime. 

 

External Resource for Health:  

External resource for health is the higher in sub-Saharan Africa as expected, with 

mean proportion of external resource for health being 12.47(se=0.88) before 2000 

and 27.11 (se=2.02) then after. This is followed by south and Southeast Asia with 

a mean proportion of external resource for heath at 4.05(se=0.63) and 9.3(se=3.04) 

before and after 2000 respectively are the major recipients of external health 

assistant.  

 

Figure 20: log transformed income per capita variation across time disaggregated 
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Ethnic fractionalization 

Ethnic fractionalization, a measure of ethnic diversity among nations, is high for 

sub-Saharan Africa followed by South and South East Asia and Latin America. 

However, it is very difficult to summarize the distribution of ethnic diversificat ions 

in most regions. There are regions that have both high and low values for their 

ethnic fractionalization in Latin America and the Caribbean’s, Sub-Saharan Africa, 

and south and South East Asia. In spite of this, it is very clear that most countries 

in Sub-Saharan Africa have high value. The box plot from this graph illustrates that 

ethnic diversity changes very minimally, if it does across countries. This is very 

important for our further modelling in the panel model analysis. This is very 

important for further analysis; because of the small variation within panel models 

(fixed effects) will remove it and it needs further modelling using the random 

effects regression to study its effect on total fertility. 

Evidences suggest that ethnic fractionalization is closely correlated with GDP per 

capita, economic growth and quality of government. It is also found that more 

ethnic fragmentation is common in poorer countries which complicates the task of 

apportioning precisely the weight of ethnic fragmentation to policy variables, 

quality of government and growth. Unlike the negative relation of ethnic 

fractionalization to GDP per capita and quality of government, religious 

fractionalization which is assumed to be high in a more tolerant and free societies 

is positively related to GDP per capita and quality of government (104). 
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Access to Media 

There is no specific indicator to measure access to media which is expected to be 

an important tool for behavioural change, especially for family planning and 

fertility interventions. However we already identified mobile penetration and 

proportion weekly radio listening as proxy indicators. Mobile penetration is very 

high in Middle East both in the between and after 2000. Despite the Lowe 

penetration in the 20th century, the growth in the 21st century is very high. 

However there is also a growing disparity between countries and among most 

regions. The highest disparity is observed in Middle East but this variation does 

increase very much in early 2000 while for most other regions the disparity has 

decreased dramatically. On the other hand, proportion of radio listener is found to 

be high in Latin Americans both before and after 200, 76.23684(se=1.65), 

70.05882 (se=1.67),  while sub-Saharan region has the lowest before 2000 and 

south and Southeast Asia became the lowest after 2000, with a value of 45.4 (se=1.8) 

Figure 21:  Boxplot for ethnic fractionalization across regions grouped by country 
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and 40.4 (Se=3.8) respectively. However the variation is very big both in the 

Middle East and South and South East Asia indicating either within or between 

country variation that needs further analysis and understanding. 

4.2.Bivariate Analysis 

4.2.1. Proximate Determinants 

This study tried to explore the bivariate relations of both the proximate 

determinants and the distal determinants of fertility on the outcome of interest, total 

fertility. Indeed the main interest is to see the individual effects of changes in 

proximate or distal fertility determinants on changes in total fertility. Accordingly; 

we observed the graphical plot of the changes of each predictors and the changes 

of total fertility per each country across time. Initially we plotted the observed total 

fertility rate and the predicted total fertility rate. The finding indicates an 80.6% 

agreement, which is much lower than those predicted by Bongaarts, 96%, which 

might be due to the inclusion of additional predictors that depend on subjective 

responses from surveys, like prevalence of infertility and the use of estimated 

abortion prevalence, where it was assumed not to vary in Bongaarts estimate (16).  
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Following this, we have plotted a path graph (type of spaghetti plot) that shows the 

relationship of the total fertility and each predictor, both for the proximate and 

distal determinants (Figure 24 to 34). To better understand the upcoming plots, 

each line in a spaghetti plot represents list of countries in the study. In each of the 

upcoming graphs, total fertility is plotted in the vertical axis while the predictors 

are shown in the horizontal axis. The letters “a”, “b”, and “c” in the legend of these 

graphs represent time period before 1995, 1995-2005 and beyond 2005 

respectively. A vertical shift in the data indicates changes in the dependent variable 

while shift in the horizontal line represent changes in the predictor variable. The 

magnitude of the horizontal and vertical shifts is very important to understand and 

predict the relationship between them. A diagonal line represents the presence of 

an association between the predictor and changes in total fertility. The direction of 

the arrow represents the direction of association. While the dots indicate the 

different time points where DHS data is available for each country. It is very 

important to note the order of the points (dots colour and shapes) that make up the 

line plots, to understand the direction of shift in the predictor variable.  

Figure 22: model validity for proximate determinants of fertility (predictive 
capacity) 
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Index of contraception 

As Figure 23 clearly shows, across each country, total fertility seems to have 

declined per unit decline in index of contraception across time. This graph is very 

informative, for most lines the recent label (blue and squared points where the 

arrow directs) has a lower fertility than the earlier one (red and circular points 

where the arrow line begins), indicating the decline in total fertility across time for 

most countries. At the same time the value of the index of contraception is low for 

most of the recent labels in each line plot, indicating a positive association. Indeed 

as the spaghetti plot clearly shows, the increase in index of contraceptive seems to 

be a strong predictor for the increase in total fertility rate. However, the direction 

of change is descending, both total fertility and index of contraception getting 

reduced, which also indicates the increase in CPR and the stronger the fertility 

reduction capacity of a reduced index of contraception.  

 

 

Figure 23: Bivariate path plot (relationship) between changes in total fertility 
and index of contraception 
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Index of post-partum insusceptibility   

Except for some countries like Burundi and Yemen, indicated by the vertical 

arrows, there is a change in post-partum infecundity across time. Observation of 

the plot (Figure 10, Figure 24) across time and per index of infertility reveals that 

there is a trend of increase in index of post-partum infecundity for most countries, 

except for Latin America. At the same time, observation of the changes in total 

fertility indicates that for most plots, the point in the upper plot (starting node) is  

the earlier observation and the end node is the recent data found in the lower part 

of the line plot, indicating the reduction of fertility across time in most countries. 

This indicates that total fertility rate is reducing as index of post-partum infecund ity 

is increasing, a negative relationship. We know from theory that an increase in 

post-partum infecundity leads to an increase in total fertility per woman. However 

the upcoming graph (Figure 24) shows an increase in index of post-partum 

infecundity, despite reductions in total fertility. Which means total fertility might 

have increased by the reduction in effect of post-partum infecundity but is already 

offset by other proximate determinants. It is important to note that an increase in 

postpartum infecundity means, a shorter duration in the post-partum abstinence or 

duration of breastfeeding. This is potentially due to the weakening in the culture of 

exclusive breastfeeding and extended period of postpartum abstinence that needs 

further empirical investigations.  
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Index of abortion 

The practice of medical abortion is another factor that affects total fertility rate. As 

per the discussion in the methodology, we estimated the index of abortion using 

secondary data in our decomposition analysis. The findings of the bivariate 

relationship shows a positive and nonlinear relationship between index of abortion 

and changes in total fertility rate. As we can see Figure 25, index of abortion has 

declined slowly (evidenced by small changes in the horizontal axis) from 1990 to 

2010 in most countries, while total fertility has dropped faster (as evidenced by a 

relatively strong vertical fall in the plot points).  

Figure 24: Bivariate path plot between changes in total fertility and index of 
postpartum infecundity 
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Index of sexual activity  

A plot of the changes in total fertility by index of sexual activity on the other hand 

demonstrates that for some countries, as index of sexual activity increases, total 

fertility increases but the distribution doesn’t have a clearly defined view. One can 

also appreciate the concentration of the index of sexual activity around 0.6 to 0.7, 

while at the same time,  for most countries the recent data shows a lower total 

fertility rate and the index of sexual activity is poorly distributed. This makes the 

bivariate distribution of changes in total fertility to changes in index of sexual 

activity less focused. As a result the distribution of index of sexual activity and 

total fertility changes indicate the absence of any clear distribution between them, 

which might need a further investigation in our panel model.  A bivariate model of 

these two using the fixed effects panel regression shows that their relation is not 

significantly related (Table 4).  

Figure 25: Bivariate path plot changes in total fertility and index of abortion 



 

84 
 

 

Index of infertility: Variations in total fertility per index of infertility look to have 

an undefined distribution per country. In Latin America, the trend seems that index 

of infertility has become a strong factor in fertility reduction, evidenced by a 

reduction in the index across time, most of the arrows directing to the lower left. 

Whereas, for the Middle East and south and South East Asia the directions seems 

towards both the right and lest giving a poorly defined relationship between total 

fertility rate and index of infertility. In sub-Saharan Africa on the other hand, index 

of infertility is very high and the distribution seems to change slightly to the right 

lower border, implying a weakening of the index. This might be due to 

measurement error either due to the sensitivity of the issue or validity of the 

measurement. On the other hand, improvement in access to management of 

sexually transmitted infections (STIs) that leads to secondary infertility might 

increases the index of infertility. This might explain the relatively higher index in 

Figure 26: Bivariate path plot between changes in total fertility rate and 
index of sexual activity 
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infertility in Africa; however it still requires further investigation based on 

empirical evidence. 

 

Generally, at a given value of index of infertility there are huge variations in total 

fertility rate across time and between nations. This makes the association to be 

poorly modelled, however a bivariate fixed effects regression has showed a 

significant association but very week explanatory power, R2 =0.083. 

 

 

 

Figure 27: Bivariate path plot between changes in total fertility and index of 
infertility 
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4.2.2. Distal determinants of fertility 

We have observed in the univariate distribution that most regions across the 

developing world have shown improvements in infant mortality rate, per capita 

income and health expenditure, women having secondary education and 

urbanization. Whereas, average age of marriage has shown a very slight change in 

most regions. To have a better understanding and modelling of these 

socioeconomic predictors to total fertility among countries and across time, a 

bivariate path plots are explored for each predictor and the dependent variable, total 

fertility. 

Infant mortality  

The demographic transition theory and the child survival hypothesis both clearly 

state that if child mortality is reduced, then eventually fertility reduction follows, 

with the net effect of lower growth of population. The argument is that the loss of 

an infant leads to an earlier progression to the next birth, as do prospective 

measures of maternal health and energy balance.  
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The above graph demonstrates the fall in total fertility as infant mortality falls. For 

most line plots, the point in the right side of the plot indicates IMR in the early 

period and the recent data is found to in the lower left side of the graph. However, 

a further exploration is important to clearly identify their relationship.  

 

 

 

 

 

Figure 28: Bivariate path plot between changes in total fertility and Infant Mortality Rate 
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Bivariate relation between Per capita GDP and total fertility rate  

 

Various economic papers have studied the impact of fall in total fertility rate on a 

countries economic growth. A study by Ashraf and his colloquies (133) found that 

a unit reduction in total fertility would raise output per capita by 5.6 percent at a 

horizon of 20 years, and by 11.9 percent at a horizon of  50 years. Whereas; other 

have also studies the impact of income on total fertility, the bivariate relationship 

plotted in Figure 29 supports such views where total fertility falls as percent of 

GDP per capita rises.   

 

 

Figure 29: Bivariate path plot between total fertility rates versus percent change 
in GDP per capita 
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Per capita Health expenditure  

Despite the strong association between per capita GDP and per capita health 

expenditure, it is quite very easy to assume that per capita health expenditure might 

better estimate the investment made towards fertility related issues per country than 

per capita GDP.  

As a result we run a bivariate association both graphically and using fixed effects 

panel model.  Figure 31 shows that fertility reduction is going from the top left to 

the bottom right for most countries represented by the line plots. This is in the 

direction with an increase in per capita health expenditure for health indicating a 

negative relationship between changes in total fertility and per capita health 

expenditure, almost similar to the per capita income distribution seen in Figure 29.  

Figure 30: Bivariate path plot between per capita health expenditure (log) and 
total fertility rate 
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Bivariate relation between population density and total fertility rate 

It is important to remind readers that we have explored existing literatures which 

discuss the relationship between total fertility and population density. Observation 

of the following graph, Figure 31, indicates very minimal changes in population 

density across time per country; and dispersed distribution between nations.  

 

However, despite the wide distribution of the relations between the two, we can 

note that there seems to be a negative relationship between total fertility and 

population density that needs further analysis to explain this relationship.  

 

Figure 31: Bivariate Path plot of total fertility rate and Population density  
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Bivariate relation between urbanization and total fertility rate  

The urban rural differences in fertility is studied in a number of studies. In the 

modern European history, total fertility in urban areas was lower than those in the 

rural parts of the community(98) and similar recent studies support this finding. As 

a result, controlling the effect of urbanization is very important to understand the 

effect of changes in other determinants. The following graph, Figure 33, shows a 

negative relationship between urbanization and total fertility.   

 

 

 

 

 

Figure 32: Bivariate path plot of total fertility rate and urbanization 
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Bivariate relation between secondary education and total fertility  

On the other hand, education is widely held to be a key determinant of fertility and 

infant health. Previous evidences suggest the higher the level of a woman’s 

educational attainment, the fewer children she is likely to bear.  This could mean 

more resources per child and better health and survival rates for mothers and 

children following fewer children per woman and delayed marriage. As a result 

controlling for such predictors is an important concept to analyse the effect of other 

predictors of fertility. The following graph, Figure 34 from our data seems to 

support previous literatures. Proportion secondary education, among the prominent 

distal factors in total fertility shows a negative relationship as can be seen in the 

above graph. 

 
Figure 33: Bivariate path plot between changes in total fertility rate versus secondary 
education 
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It is important to note that these all bivariate relations are useful to understand the 

nature of the relation between total fertility rate and its predictors for further 

modelling. However, we have only presented some of the graphs which have clear 

distributions. Other predictors not shown graphically in the bivariate distribut ion 

are further evaluated using the correlation plot and further analysed in the 

multivariate regression models. 

Correlation  

The panel model analysis employed in this study helps to analyse marginal changes 

in the dependent variable over time. Multiple observations on each unit can provide 

superior estimates as compared to cross-sectional models of association while 

controlling for omitted variables. In a fixed model analysis the coefficient of each 

predictor indicates how much the dependent variable changes overtime, controlling 

by differences in countries, when the predictor variable increase by one unit. 

However before running, multiple regression we explored the variables in a 

correlation matrix to understand the bivariate analysis. Some variables which were 

found to have very weak correlation with the dependent variable are removed from 

the multivariate regression model. 

Observation of the correlation matrix among total fertility and proximate 

determinants of fertility, Figure 35, shows that Total fertility has a strong positive 

correlation with index of contraception(r=0.85) and index of abortion(r=0.79). Its 

association with index of post-partum infecundity is negative (r=-.58), while its 

correlation with index of sexual activity is very weak (r=0.27). On the other hand 

the correlation among pairs of predictor variables shows that index of abortion has 

a strong correlation with index of contraception, 0.79, which might cause 

multicollinearity in a multivariate regression.   
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Similarly a look at the correlation matrix between total fertility and the proximate 

and distal determinants of fertility shows that most proximate determinants have 

strong correlation except for the index of sexual activity.  

 

Beyond their association with total fertility, there are strong correlations between 

index of contraception and index of abortion (r=.8), index of contraception and 

Infant Mortality Rate (r=0.8), population density and proportion urban(r=0.8). 

These correlations might cause multicollinearity in multilevel regression analysis.   

On the other hand observation of the correlation between total fertility and distal 

determinants indicate that age of marriage has strong correlation with urbanizat ion, 

mobile penetration and proportion to secondary education, all at an R value of 0.7. 

At the same time per capita GDP versus per capita health expenditure, and mobile 

Figure 34: Correlation Matrix for proximate determinants of fertility 



 

95 
 

penetration both have a correlation coefficient of 0.9 while urbanization and 

proportion secondary educated have an R value of 0.8. Ethnic fractionalizat ion, 

Gini-coefficient and access to media through radio on the other hand do not have 

strong association among themselves and along with total fertility rate.  

The above bivariate relationships are further explained by a bivariate fixed effects 

panel model, summarized in Table 4. According to these outcomes, index of sexual 

activity and index of infertility are weak predictors of changes in total fertility 

(R2=0.01 and 0.083 respectively), the relation with sexual activity being non-

significant. Whereas index of contraception and index of abortion were found to be 

very strong predictors with explanatory power of 0.60 and 0.58.  

Figure 35: Correlation matrix among proximate and distal determinants of fertility 
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Similarly, Table 5  shows the bivariate relationship for socioeconomic variables 

where most of the predictors are found to have some form of significant association. 

The findings indicate that except for proportion of weekly radio listeners and Gini 

coefficient, all others have a significant bivariate relationship. However, this 

association might be affected by other non-controlled predictors that may cause 

omitted variable bias. Accordingly to understand the effect of each predictor on 

changes in total fertility, we will employ various models while controlling for 

potential predictor variables, based on theoretical justification and reviews of 

existing evidences.   

Table 4:  Bivariate fixed effects and random effects (time invariant predictors) 
panel regression models 

Variable 

Dependent Variable=Total fertility rate 

constant coeff Obsn R2 Adj. 
R2 F Statistic 

Proximate variables 
cx  -0.186(0.62) 239 0.001 0.0004 0.091 (df = 1; 172) 
cu  5.312***(0.33) 237 0.599 0.429 253.668***(df =1;170) 
ca  22.820***(1.50) 237 0.575 0.413 230.402***(df =1;170) 
ci  -8.765***(1.65) 236 0.142 0.103 28.210***(df =1;171) 
cf  1.733***(0.46) 225 0.083 0.059 14.440***(df =1;160) 

Socio economic variables 
lnpche  -0.602***(0.07) 238 0.309 0.222 76.360***(df =1;171) 

lngdp  -0.651***(0.07) 240 0.348 0.251 92.252***(df =1;173) 

lndensity  -2.241***(0.15) 240 0.554 0.399 214.690***(df =1;173) 
age.marr  -0.526***(0.05) 240 0.427 0.308 128.821***(df =1;173) 
icmr  0.019***(0.00) 239 0.351 0.253 93.002***(df =1;172) 
as.edu  -2.576***0.25) 240 0.378 0.272 105.092***(df =1;173) 

as.urban  -8.145***0.65) 240 0.476 0.343 157.333***(df =1;173) 
as.exthe  -1.994***(0.41) 229 0.129 0.092 24.064***(df =1;163) 
as.radio  0.365(0.32) 189 0.01 0.007 1.298 (df =1;126) 

as.mobile  -0.750*** 

(0.08) 184 0.44 0.289 94.939***(df = 1; 121) 

gini  0.013 (0.01) 239 0.01 0.007 1.671(df = 1; 172) 

yrdumy  -0.711*** 

(0.06) 240 0.427 0.308 129.119***(df = 1; 
173) 
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ethfract 3.205*** 2.137*** (0.32) 240 0.168 0.166 47.803***(df = 1; 238) 

region2MidE 3.512*** -0.351* (0.20) 240 0.651 0.64 146.150***(df = 3; 
236) 

region2S-
SEA 

 -0.234 (0.20)     

region2SSA  2.152*** (0.15)     
Note1: *p<0.1; **p<0.05; ***p<0.01 
Note2:  
Changes in index of sexual activity, changes in income inequality (Gini Coefficient) and 
changes in proportion of weekly radio listeners all do not have a statistically significant 
bivariate relationship with changes in total fertility. Bivariate coefficients for ethnic 
fractionalization, year dummy and region which represent time invariant variables are 
modelled in random effects model. 

 

A relative importance assessment was also done for all proximate determinants 

using a multivariate linear model that confirms index of contraception and index of 

abortion to explain the major share of the variance, 41.5 and 32 percent respectively 

(Table 5).  The same step was applied for socioeconomic determinants which were 

found significant in the bivariate assessment using a pooled regression model 

including year as a dummy variable. This model identifies the relative importance 

of each predictor for total fertility using Lindeman, Merenda and Gold (134, 135), 

“lmg”, method of decomposition of R squared value. The result shows that infant 

mortality and education explain much of the variation (19.4 and 16.8% respectively) 

followed by external resource for health, income per capita and population density. 

 

 

 

 



 

98 
 

Table 5: Relative importance of predictor variables estimated based on a 
pooled regression 

Predictors Proportion 
contribution 

Predictors Proportion 
contribution 

Income per capita     0.1197 Index of sexual activity 0.025 
Per capita health 

dit  
0.068 Index of contraception 0.415 

Population density  0.116 Index of PPI 0.134 
Age of marriage 0.061 Index of infertility 0.085 
Infant mortality rate 0.194 Index of abortion 0.32 
Secondary education  0.168   
Urbanization  0.075   
External assistant for health  0.164   
Mobile penetration  0.018   
Year(dumy) 0.0165 Year(dumy) 0.021 

 

Running a bivariate fixed effects regression for all the independent repressors 

shows that except proportion radio listeners and Gini coefficient, all predictors are 

significantly associated with total fertility rate. Those found insignificant in the 

bivariate regression were all removed from further models.  

4.3.Multivariate Analysis 

Before indulging directly in to the multivariate panel data analysis, we would like 

to model our data in ordinary least squares estimation /OLS/. Under this assumption 

we expect the disturbances to be normally distributed at a mean of zero at the same 

variance; and they are not also expected to be correlated with individual predictors 

to produce an efficient and consistent parameter estimates. The results from the 

pooled ols regression of total fertility rate to index of the proximate determinants 

of fertility (Table 6) indicate that most of the proximate determinants have a 

significant effect on the total fertility level, explaining about 75.7% of the variation.  
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Table 6: Pooled panel regression of the effects of proximate determinants on total 

fertility rate. 

Proximate determinants 

 

Coefficient(standard error) 
Cx 0.596(0.48) 
Cu 3.818(0.44)*** 
Ci -1.748(0.71)** 
Cf 0.011(0.53) 
ca2 7.212(1.25)*** 
yrdumy -0.288(0.10)*** 
Constant -3.103(1.20** 
Observations 222 
R2 0.781 
Adjusted R2 0.756 
F Statistic 127.883*** (df = 6; 215) 
Note: *p<0.1; **p<0.05; ***p<0.01 

However test of serial correlation among individual observations across time using 

Breusch-Godfrey test shows that the test is significant against an alternative 

hypothesis that there is serial correlation in idiosyncratic errors. Henceforth, the 

OLS estimates of the standard error will be biased and OLS will no more be a 

minimum variance estimator for our data. In this case; variance is different among 

individuals leading to heteroskedasticity. At the same time, we run Breusch Pagan 

Lagrange multiplies (LM) test on the pooled regression which becomes significant 

against a null hypothesis that there is no variance across entities(countr ies) 

indicating the presence of panel effects. This suggests that the ordinary pooled 

logistics regression for our data is biased and inefficient. We have tried to check 

this both for the model that employs proximate determinants and distal 

determinants of fertility and results indicate that OLS regression is not the 

appropriate model. 
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As a result we have decided to model either the within (fixed effects) or random 

effects model to see the changes in total fertility rate across individual observations 

and/or across time. Fixed-effects models are designed to study the causes of 

changes in the dependent variable within a country while controlling for omitted 

variables in our panel data when omitted variables vary across countries but not 

across time. Such changes are expected to come from time varying characterist ics 

of an individual country. Inability of the fixed effects model to account for the 

contribution of time invariant predictors on the outcome of interest is one of the 

limitations of the model. Table 7 presents the results of the fixed effects model 

replacing the existing OLS model in Table 6. Testing for time effects and individua l 

country effects using the Breusch pagan Lagrange multiplier (LM) test 

demonstrates a significant within individual and time effects which confirms the 

importance of using fixed effects to model our data. However a similar Breusch 

Pagan heteroskedasticity3 test becomes significant at 1% level of significance. In 

this case the standard errors are underestimated and the result of our “t or z” test 

might be exaggerated giving a false generalization.  Consequently we corrected for 

heteroskedasticity and serial autocorrelation using heteroskedasticity and 

autocorrelation consistent estimators of standard errors and all the standard errors 

in our regression output hereafter are robust standard errors. 

4.3.1. Proximate determinants 

Total fertility rate was decomposed in to its proximate determinants and the 

contribution of the proximate indices was calculated per country across time. This 

helps us to understand the contribution of each predictor to fertility decline across 

                                                                 
3 Breusch Pagan Lag Range multiplier (BP test): It runs an OLS of the squared residual error of our 
actual model to the predictor variables. After that it multiplies the R-squared value of this 
regression with the number of observations, and this value indicates the critical value for a chi 
squared distribution at K (predictors) degrees of freedom. If the test is significant then the null  
hypothesis of homoscedasticity is rejected. 
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country, but as the contribution values get smaller and the observation increases, it 

gets difficult to appreciate the changes made. A further when we want to 

summarize and comprehend it, we need to do some statistics to test their 

significance. Moreover, as we have seen in the model fitting following the 

decomposition, predicted values versus the total fertility, there is an increased 

amount of error left unexplained by these indices, 81% of the variation is explained 

by the proximate indices, for which we need to choose a model that employs 

multivariate predictors and analyse the variations and its contributions.  

Accordingly, using the fixed effects panel model, we have been analysing the effect 

of changes in each index of proximate determinants on total fertility changes across 

time while controlling for the other proximate determinants. As we can see from 

model two in Table 7, for a given country in our data, the total fertility increases 

by 0.43 units as index of sexual activity increases by one unit across time, however 

the result is not found to be significant at 10% level of significance. This findings 

continues to be insignificant to affect mean changes in total fertility across time per 

country in all of the fixed effects model. Changes in index of contraception on the 

other hand were found to have a strong association with changes in total fertility. 

For a given country, taking the final model, model 6, a unit increase in index of 

contraception is associated with an increase of total fertility by 2.47 across time, 

significant at 0.01 level of significance. Similarly changes in index of post-partum 

infecundity and index of abortion were found to be significant predictors to affect 

changes in total fertility for a given country across time. Unlike the others, changes 

in postpartum infecundity has a negative relation with changes in total fertility per 

country. Theoretically, an increase in index of post-partum infecundity implies a 

reduction in duration of either postpartum abstinence or postpartum lactation. This 

is believed to increase the risk of conception and increase fertility of a woman at a 

cross sectional data. However, global data suggest, more developed communit ies 

to have a reduced frequency of breastfeeding (136-138); which might intern give a 
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negative relation to changes in fertility versus changes in post-partum infecund ity. 

Moreover, the growing globalization has led to changes in life style across the 

globe, one of which is eroding the cultures that promote longer breastfeeding and 

longer time of sexual abstinence. 

The results we have noted in the correlation matrix (Figure 35), indicate a strong 

correlation between index of contraception and index of abortion. In our multileve l 

fixed effects model, we checked for multicollinearity using variance inflat ion 

factor and included index of abortion and index of contraception in separate models 

(model four and model five). A unit change in index of contraception results in an 

average increase in total fertility by about 4.7 (se=0.52) across time per country 

and index of abortion by a value of 22.4 (se=2.21). Both results from contraception 

and abortion index mentioned above are found to be significant at a 1% significance 

level in model six and model 4 respectively. At the same time, both index of post-

partum infecundity and index of contraception were still significant predictors 

when included in the same model, model six, despite the reduction in effect size.  

Index of sexual activity however was found to be insignificant to affect changes in 

fertility across time per individual countries. We tried to model a polynomia l 

function for index of sexual activity, in case a non-linear association exists, and 

still there is no any significant association. And finally we concluded that average 

changes in total fertility rate across individual countries are affected positively by 

index of contraception, index of abortion and index of infertility while it is 

negatively affected by index of post-partum infecundity.  Nonetheless, index of 

infertility disappears in the final model but we reserved its significance assuming 

that the final model (model six) is affected by multicollinearity with the index of 

contraception.  
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Table 7; fixed effects regression output of proximate determinates on changes in 

total fertility rate 

 Model1 Model2 Model3 Model4 Model5 Model6 
index of Sexual 

 

-0.186 0.429 0.384 0.423 0.339 0.498 

 (1.151) (0.634) (0.610) (0.749) (0.798) (0.750) 
index of 

Contraception 
 

5.371*** 5.102*** 4.703*** 
 

2.473*** 

  (0.424) (0.492) (0.524)  (0.666) 
index of PPI 

   

  
-2.587* -2.906* -5.897*** -3.909*** 

   (1.523) (1.509) (1.303) (1.494) 
index of infertility    0.583** 0.616** 0.403* 

    (0.274) (0.259) (0.219) 
index of abortion     22.384*** 14.366*** 

     
(2.207) (2.615) 

Observations 239 236 234 223 223 223 
R2 0.001 0.611 0.622 0.607 0.639 0.691 
Adjusted R2 0.0004 0.435 0.444 0.422 0.444 0.477 

F Statistic 
0.091  
(df=1;172) 

132.145***  
(df=2;168) 

91.695***  
(df=3;167) 

59.855***  
(df=4;155) 

68.622***  
(df=4;155) 

68.929***  
(df=5;154) 

Note:    
*p<0.1; **p<0.05;  

 
 

 

Taking the limitations of the within estimator we modelled above in explaining 

both the within entity and within time variations to explain changes in fertility, we 

modelled our data in random effects generalized least squares model. In Random 

Intercept model, the methodology is to apply "time-demeaning" to our data. Again, 

only the within variation is left by subtracting the between variation. 

 𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝐶𝐶𝑖𝑖𝑖𝑖 + 𝐶𝐶𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖. [37] 

It is assumed that the "ai” is independent and identically distributed variables 

(random variables) and that cov (ai, xit )=0. However we have serially correlated 

error terms 𝜀𝜀𝑖𝑖𝑖𝑖, where standard errors are usually biased. Using a generalized least 

squares estimator provides the random-effects (RE) estimator where ordinary 

logistics regression is statistically inefficient. The random effects model is effic ient 
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only if the individual errors are not correlated to other predictor variables. With 

these assumptions, our model produced the result in Table 8 for proximate 

determinants of fertility and their effect on average changes in total fertility across 

time and between countries. The upcoming six models which were based on a 

random effects model for the panel data, similar to the result in the fixed effects 

model, indicate that the average change in index of contraception, index of abortion 

and index of post-partum infecundity are significant factors to affect changes in 

fertility for each specific country across different time. The dummy variable 

“yrdumy” that represents before and after 2000 GC is also found to be a significant 

predictors of total fertility changes controlling for other factors. 

Index of infertility is also significant but disappears in the final model. However 

taking the strong correlation contraceptive index and index of post-partum 

infecundity have, we choose model three and conclude that change in index of 

infertility by one unit results in a change of total fertility by 0.9(se=0.32) in model 

three. This result gets reduced to 0.51(se=0.23) in model four when we include 

index of contraception. This finding implies that index of contraception is a 

confounder for the effect of infertility. At the same time the effect of contraception 

is reduced from 5.05(se=0.43) to 3.25(se=0.61) when the index of abortion is 

included in the model, indicating the strong confounding effect of abortion on 

contraception, and conversely the index of abortion is reduced from 17.75(se=3.16) 

to 9.7(se=2.78) while index of contraception is controlled in the model. In model 

five we included year dummy for DHS surveys before 2000 and after 2000. Our 

regression analysis demonstrates that changes in fertility between countries across 

time is very significant after 2000 than before, mean fertility change after 2000 is 

lower than before by 0.26(se=0.06), which is in line with the finding in the 

decomposition results.  Generally the random effects model explains about 73% of 

the variation in our data whereas the fixed effects model explains about 48% of the 

variation (adjusted R square) in the final model.   
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Notwithstanding with its explanation of the variation and importance in indicat ing 

the effect of time invariant predictors in the model, comparison of the model using 

Hausman test shows that for most of the fixed and random model of proximate 

determinants, one model is found to be inconsistent. This means that there is 

violation of the assumption of randomness of individual errors; individual errors 

are correlated with the predictor variables. As a result the fixed effects model is a 

consistent estimator of our estimates and we use the values from our fixed effects 

model unlike the random one which explains most of the errors. Despite this we 

have incorporated the random effects model to explain the effect of regional 

dummy variables on changes to total fertility rate; which are found to explain more 

than 75% of the variation in the models residual error.  

Generally we can understand the presence of significant changes in most proximate 

determinates of fertility to affect changes in total fertility across time and between 

counties. However changes in index of sexual activity didn't bring significant effect 

on average changes in total fertility, despite their strong fertility inhibiting effect. 

This might be due to the slow change in sexual behaviour in the community which 

in turn might probably be due to a deep rooted culture that is very difficult to change, 

while at the same time predicting a potential area for further intervention to 

improve its effect on average changes in total fertility between nations and across 

time. On the other hand, an increase in index of most proximate indicators is 

associated with an increase in total fertility rate, but not post-partum infecund ity. 

This might be due to the higher prevalence of postpartum abstinence and exclusive 

breastfeeding already in high fertility areas. Moreover the influence of 

globalization as mentioned ahead might play in the reduction of breastfeeding habit 

through changes in life style that intern might increases the index of postpartum 

infecundity which leads to reduction in its fertility inhibiting behaviour. 
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The mean change in the total fertility, represented by the constant term, from a unit 

change in the index of contraception and post-partum infecundity is positive, while 

controlling for infertility and abortion, it turns to be negative (random intercepts). 

Generally the final model, model six, indicates reduction in average total fertility 

across time (constant -5.79). 

In our last model presented in model six of Table 8 we included regional dummy 

in our random model. The result shows that compared to the Latin Americans, 

changes in total fertility compared to Latin America are significantly lower in the 

Middle East and S-SEA. However, changes in sub-Saharan Africa are not 

significantly different from those in Latin America controlling for other factors.   

Table 8: random effects model for proximate determinants including dummy 
variables for region and year of survey 

 
Model1 Model2 Model3 Model4 Model5 Model6 

index of Sexual act 0.46 0.64 0.44 0.6 0.54 0.76 

 
(0.530) (0.640) (0.810) (0.680) (0.580) (0.700) 

index of 
Contraception 5.35*** 5.05***  3.25*** 2.43*** 3.56*** 

 
(0.410) (0.430) 

 
(0.610) (0.690) (0.610) 

index of PPI -2.39* -2.51** -4.57*** -2.43** -1.81* -1.29 

 
(1.230) (1.240) (1.200) (1.150) (1.000) (1.270) 

index of infertility  
 

0.67** 0.90*** 0.51** 0.13 0.47* 

  
(0.270) (0.320) (0.230) (0.250) (0.240) 

index of abortion 
  

17.75*** 9.70*** 11.27*** 8.22*** 

   
(3.150) (2.780) (3.310) (2.770) 

yrdumy-2     -0.26***  
     (0.080)  
ENAWCA      -0.71*** 

      
(0.260) 

S-SEA      -0.63** 

      
(0.240) 

SSA 
     

-0.15 

      
(0.240) 

Constant 2.22** 1.82* -9.14*** -5.40** -5.87** -4.84** 

 
(1.030) (1.060) (3.220) (2.300) (2.580) (2.230) 

--------------------- -------------

 

-------------

 

-------------

 

-----------

 

-------------

 

--------------- 
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Ind.effects .975 .793 .83 .814 .82 .75 
Observations 234 223 223 223 223 223 
R2 0.7 0.69 0.66 0.74 0.76 0.76 
Adjusted R2 0.69 0.68 0.65 0.72 0.74 0.73 

F Statistic 
177.83***  
(df=3;230) 

123.12***  
(df 4;218) 

105.69***  
(df=4;218) 

123.68***  
(df=5;217) 

114.37***  
(df =6; 216) 

85.46*** 
(df=8;21) 

Note 
 

*p<0.1; **p<0.05; ***p<0.01 

4.3.2. Distal determinants of fertility  

At the side of socioeconomic determinants lie multiple predictors that affect total 

fertility rate. A multivariate analysis of these distal determinants /socioeconomic 

determinants of fertility was also an objective in this study. Table 9 presented 

below shows the fixed effects result using generalized least squares. According to 

these results, urbanization, age of marriage and proportion of secondary education 

all have a negative effect on average changes in total fertility rate. A unit change 

in age of marriage is associated with a reduction in average change in total fertility 

by 0.26 (se=0.08), model one in Table 9. This finding continues in most of the other 

models controlling for different socioeconomic variables. However, it is important 

to note the reduction in effect of changes in age of marriage as population density 

is controlled. This might be due to the probability of finding delayed age in 

marriage in more densely populated areas like urban populations, represented by 

the correlation between population density and age of marriage (R=0.6).  
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Table 9: fixed effects with distal determinant factors for fertility 

 

 

 

 

Dependent variable: Change in Fertility 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
age.marr -0.26*** -0.24*** -0.33*** -0.15 -0.32*** -0.30*** -0.09 
 (0.08) (0.08) (0.09) (0.09) (0.10) (0.09) (0.10) 
icmr 0.03*** 0.02*** 0.03*** 0.03*** 0.03*** 0.04*** 0.03***  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 
I(icmr2) -0.0001** -0.0001* -0.0001** -0.0002** -0.0001** -0.0002** -0.0002** 
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
as.edu -1.29***      -0.81*  (0.46)      (0.43) 
as.urban  -3.94***     -1.93   (1.15)     (1.22) 
lngdp   -0.09    0.19**    (0.10)    (0.09) 
lndensity    -1.64***   -1.30** 
    (0.38)   (0.52) 
lnpche     -0.08   
     (0.12)   

as.exthe      -0.59 -0.07 
      (0.49) (0.54) 
Observations 239 239 239 239 237 229 229 
R2 0.6 0.6 0.55 0.63 0.53 0.54 0.65 
Adjusted R2 0.42 0.43 0.39 0.44 0.38 0.38 0.45 

F Statistic 62.97***  
(df = 4;169) 

63.77***  
(df = 4;169) 

51.41***  
(df = 4;169) 

71.22***  
(df =4;169) 

47.71***  
(df =4;167) 

46.53***  
(df=4;160) 

36.86***  
(df=8;156) 

                Note: *p<0.1; **p<0.05; ***p<0.01 
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Similarly changes in secondary education across time are found to be negative ly 

related to changes in total fertility rate across time per country.  In almost all models 

in table five, education is found to be a significant predictor for changes in total 

fertility with different effects while controlled for different predictors, indicat ing 

the omitted variable bias that might result from missing this predicators. Generally 

taking model seven of Table 9; a one unit change in radians of secondary education 

is associated with a decline in average total fertility by 1.23 (se=0.53) across time 

per country, statistically significant at 1% level of significance.  

On the other hand, a linear panel model of Infant Mortality Rate is found to be 

weak factor to affect changes in fertility. However modelling it with a quadratic 

regression model improves the model fit, its effect and significance of infant 

mortality on changes to total fertility.  This effect persists to be significant while 

controlling for urbanization, secondary education, population density and other 

distal predictors.  This implies that an increase in infant mortality rate is associated 

with average increase in total fertility rate at a decelerating rate across time per 

country, reaching the maximum at a value of 150 child deaths per thousand 

(mathematically this is the point where the tangent line to the curve equals to zero). 

In model five we incorporated log transformed per capita health expenditure; the 

result of which demonstrates an insignificant negative correlation between changes 

in total fertility and per capita health expenditure. Expecting per capita income and 

per capita health expenditure to have strong correlation (R=0.9), the two predictors 

were modelled separately. Similarly change in per capita income is not found to be 

a significant contributor to the total changes in fertility across time per county. 

External resource assistant to health is also found to have no significance 

contribution for the reduction, unlike the strong bivariate relation. At the same time 

the non-significant relationship with per capita income becomes significant 

probably due to the diminishing effect of omitted variables in the earlier models.  
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The final model (model seven of Table 9) on the other hand illustrates that the 

effect of age of marriage disappears while controlling for all the predictors except 

per capita health expenditure. However, there is a fear that this model might be 

over controlled. Generally this table indicates that infant mortality, education, 

income per capita and population density persist to be strong fertility decline 

factors. At the same time the diffusion of foreign aid for health in various specific 

projects might have contributed for the absence of significant effects that goes in 

line with claims of reduction in aid budget to family planning programs (139).   

Consequently, further model selection and exploration of the data using fixed 

effects model to identify the best fitting distal predictors of fertility was done; 

notably to address multicollinearity among different variables. The very important 

issues we would like to control is education versus urbanization, per capita income 

versus per capita health expenditure and urbanization and population density which 

are modelled separately to avoid any multicollinearity (Table 10).  

In all the models we incorporated secondary education was included to the already 

existing controls like age of marriage and infant mortality rate. The first model 

shows both urbanization and education to be significant factors for fertility 

reduction, however the effect of both has reduced compared to Table 9. This might 

indicate that most people in the urban area to be better educated and have a lower 

fertility rate. Population density is also found to be significantly associated with 

changes in total fertility, -1.36 (se=0.39). However, in model three and four, 

proportion weekly radio listeners were controlled and each of population density 

and urbanization were found to be insignificant. This reminds us an important 

concept of Ceteris Paribus effect in a regression model, where we can find how 

impractical it is to discuss about the effect of population density while controlling 

urbanization and vice versa in a model. Similarly, the reduction of effect of 

population density and urbanization on changes in total fertility as we control 
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proportion weekly radio listeners informs us that, access to media in urbanized and 

highly populated areas is the major factor for the reduction in total fertility in these 

areas.  

The rest models, model seven to nine are designed to show the importance of per 

capita income, per capita health expenditure and external resource for health on 

changes in total fertility, where all are found to persist being statistica lly 

insignificant.  Generally, the findings indicate that infant mortality, education and 

access to radio message persist to be strong fertility decline factors. 
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Table 10: Fixed effects model for distal determinants of fertility, with extended control 
Variable Model1 Model2 Model3 Model4 Model5 Model6 model7 Model8 Model9 
age.marr -0.20** -0.13 -0.13* -0.11 -0.12 -0.1 -0.11 -0.11 -0.1 
 (0.08) (0.09) (0.08) (0.09) (0.09) (0.09) (0.08) (0.08) (0.08) 
Icmr 0.02** 0.02** 0.03*** 0.03*** 0.02** 0.03*** 0.03*** 0.03*** 0.03*** 
 (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 
I(icmr2) -0.0001* -0.0001** -0.0002*** -0.0002*** -0.0001** -0.0002*** -0.0002*** -0.0002*** -0.0002*** 
 (0.00) (0.00) 0.00  0.00  (0.00) 0.00  (0.00) (0.00) (0.00) 
as.edu -0.93** -0.85** -1.68*** -1.59*** -0.72* -1.41*** -2.06*** -1.68*** -1.70*** 
 (0.42) (0.42) (0.51) (0.52) (0.40) (0.51) (0.47) (0.48) (0.47) 
as.urban -2.95***  -1.33  -1.63 -0.91    
 (1.06)  (1.36)  (1.22) (1.40)    
lndensity  -1.36***  -0.77 -1.14** -0.7    
  (0.39)  (0.49) (0.48) (0.55)    
lnpche        -0.1 -0.03 
        (0.12) (0.08) 
lngdp        -0.65 -0.62 
        (0.40) (0.38) 
as.exthe       0.02 0.1  
       (0.07) (0.12)  
as.radio   -0.61* -0.60*  -0.58* -0.70** -0.55* -0.55* 
   (0.32) (0.31)  (0.31) (0.30) (0.31) (0.31) 
Observat

 

239 239 189 189 239 189 187 179 179 
R2 0.63 0.65 0.64 0.65 0.65 0.65 0.63 0.62 0.63 
Adjusted 

 

0.44 0.46 0.41 0.41 0.46 0.41 0.4 0.39 0.38 

F Statistic 56.08***  
(df=5;168) 

61.84*** 
(df=5;168) 

35.64*** 

(df=6;121) 
37.10*** 

(df=6;121) 
52.83*** 

(df=6;167) 
31.88*** 

(df=7;120) 
33.18*** 
(df=6;119) 

26.21*** 

(df=7;111) 
22.95*** 

(df=8;110) 
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As a robustness check on the relation between total fertility and its distal 

determinants, random effects model was also explored and findings were compared 

with the fixed effects model. The generalized least squares method which is used 

to estimate the random effects has incorporated time invariant predicators like 

regional differences (Table 11 and Table 12).   

Similar to the fixed effects model above, the first model in Table 11 presents the 

effects of age of marriage, Infant Mortality Rate and secondary education, 

demonstrating the presence of a significant relation between average changes in 

total fertility and all the three predictors.  A unit radian change in secondary 

education is associated with a decline in average total fertility rate by 1.50 

(se=0.32). Controlling for the effects of age of marriage and infant mortality, the 

other successive models indicate the effect of most distal determinants of fertility 

on average changes in total fertility.  

Accordingly, age of marriage and infant mortality were found significant factors to 

affect changes in total fertility in eight of the models in Table 11. Model two of the 

same table illustrates a one radial change in urbanization has a strong reduction 

effect in average total fertility rate per country; -2.88(se=0.7). While model three 

shows a percentage increase in population density decreases average total fertility 

rate per country by 0.004 (se=0.013). At the same time model four and model five 

indicate that per capita income and per capita health expenditure have a significant 

reduction in average total fertility per country, a one percent change in per capita 

income decreasing average fertility bay 0.0012 (se=0.0009) and a percentage 

change in per capita health expenditure decreasing average fertility by 0.0.002 

(se=0.001), both statistically insignificant. However, in model six, external 

resource for health doesn’t have significant contribution for fertility decline. This 

is against the assumption that aid business has to contribute towards reduction of 

total fertility.  
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Model seven of the random effects analysis of distal determinants of fertility 

illustrates the effect of ethnicity on fertility reduction; indicating a one unit increase 

in index of ethic fractionalization to have an increase in average total fertility by 

1.07 (se=0.435) units which is significant at 10% level of significance. The last 

model, model nine, includes all the distal predictors except per capita health 

expenditure and external resource for health, to control for confounding with per 

capita income. The findings indicate while age of marriage, infant mortality rate, 

proportion secondary educated, urbanization, population density and year dummy 

as well as regional dummies are statistically significant at 5% level of significance, 

the effects of infant mortality rate, per capita income , ethnic fractionalization and 

Gini coefficients disappears. On the other hand controlling for other distal predictor 

variables, fertility in South and Southeast Asia, the Middle East have a reduced 

average change in total fertility, significant for south and south east Asia while 

Sub-Saharan Africa has  a significant relative increase compared to the reference 

population, Latin America. This shows that the mean intercept value for sub-

Saharan Africa is very high compared to all other regions, 0.73 (se=0.31). 
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Table 11: Random effects for distal determinants of fertility  

Change in 
F tilit  

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 
age.marr -0.17*** -0.17*** -0.23*** -0.22*** -0.21*** -0.22*** -0.21*** -0.12***  

(0.05) (0.06) (0.08) (0.08) (0.08) (0.08) (0.08) (0.04) 
poly(icmr, 1) 0.03*** 0.03*** 0.04*** 0.04*** 0.04*** 0.04*** 0.04*** 0.02***  

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 
poly(icmr, 2) -0.0001** -0.0001** -0.0002*** -0.0002** -0.0002*** -0.0002*** -0.0002*** -0.0001** 
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

as.edu -1.50*** 
     

 -1.02*** 
 

(0.32) 
     

 (0.33) 

as.urban  -2.88***      -2.23*** 
  

(0.70) 
    

 (0.78) 

lndensity 
  

-0.43*** 
   

 -0.26*** 

   (0.13)     (0.08) 

lngdp 
   

-0.12 
  

 0.13 
    

(0.09) 
  

 (0.09) 
lnpche     -0.11         

(0.09) 
 

 
 

as.exthe 
     

0.37  
 

      (0.41)   
ethfract       1.068*    
       (0.435)  

yrdumy 
      

 -0.18*** 
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        (0.07) 
region2ENAWCA        -0.41 
       

 (0.39) 
region2S-SEA 

      
 -0.88** 

        (0.43) 
region2SSA 

      
 0.72***        
 (0.26) 

Constant 7.40*** 8.34*** 9.04*** 7.90*** 7.30*** 6.67*** 6.28*** 8.27***  
(1.20) (1.40) (1.76) (1.60) (1.54) (1.67) (0.93) (1.16) 

Observations 239 239 239 239 237 229 239 239 

Ind_effects 0.839 0.853 0.856 0.833 0.837 0.836 0.831 0.78 

R2 0.61 0.59 0.58 0.55 0.54 0.54 0.556 0.73 

Adjusted R2 0.6 0.58 0.57 0.54 0.53 0.53 0.544 0.69 

F Statistic 92.06***  
(df=4;234) 

84.31***  
(df=4;234) 

80.41***  
(df=4;234) 

70.77***  
(df=4;234) 

67.39***  
(df=4;232) 

64.83***  
(df=4;224) 

73.12*** 
(df=4,234) 

55.98***  
(df=11;227) 

Note:  *p<0.1; **p<0.05; ***p<0.01 
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Unlike literatures, which indicate per capita income as an important determinant of 

changes in total fertility, the final model in our random effects analysis showed that 

a change in per capita income is not associated with changes in total fertility. 

Similarly external resource for health and infant mortality are not found to be 

significant factors to affect average changes in total fertility rate.  To explore 

potential multicollinearity effects, we model per capita income and per capita 

health expenditure versus total fertility as well as urbanization and secondary 

education versus average changes in total fertility rate separately, as in the case of 

the fixed effects model. These findings are presented in Table 12 and discussed 

here after. 

In model one, an increase in age of marriage across time and between countries is 

associated with an average change in total fertility by -0.13 (se=0.05). Despite 

slight changes across models for the effect of changes in age of marriage on average 

changes in total fertility, it is found to be a strong predictor of total fertility rate, 

being statistically significant in almost all models.  The result shows that an 

increase in age of marriage is associated with a significant reduction in total fertility 

rate.  

Model one to model three present the effects of urbanization while controlling for 

various distal predictors, removing either of the predictors found to be highly 

correlated, per capita income and per capita health expenditure, while external 

resource for health is taken in to consideration because of its theoretical 

justification for multicollinearity with per capita income and per capita health 

expenditure. Theoretically we also assumed that per capita health expenditure and 

proportion external assistant for health might have multicollinearity since per 

capita health expenditure includes both public, private, out of pocket and external 

assistant for health.  
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Accordingly, correcting for multicollinear predictors, urbanization is found to be a 

strong factor to affect average changes in total fertility rate. Results from model 

three indicate that a unit radian change in urbanization is associated with reduction 

in average fertility by 2.49 (se=0.82). At the same time model four to model six 

predict the effects of secondary education on average changes to total fertility while 

controlling most distal predictors. A change in an arcsine transformed value of 

secondary education is found to be negatively related to changes in total fertility. 

As we can see in Table 12, correcting for highly correlated predictors, we can see 

that a unit radian change in secondary education results in a reduction of total 

fertility by 1.25 (se=0.34), significant at 1% level of significance (model five). This 

effect gets reduced when controlled for urbanization, GDP per capita and per capita 

health expenditure. Excluding population density also shows an increase in effect 

of education while at the same time controlling urbanization (not presented in the 

result).  Education in urban set up has a potentiating effect to increase the effect of 

urbanization on fertility decline (both significant in the same model). On the other 

hand an increase in Infant Mortality Rate is found to be positively and significant ly 

related to changes in total fertility rate at a decelerating rate. 

Almost most models show the presence of a negative relationship between changes 

in total fertility and population density. According to model one, a 1% change in 

population density is associated with a change in total fertility by -0.26 (se=0.08), 

despite the fluctuation based on the controlled predictor variables as can be clearly 

seen in Table 12. Various studies have pointed out the importance of economic 

conditions of a nation to have a significant effect on levels of fertility. However, a 

detail observation of per capita income, external assistant for health and ethnic 

fractionalization all are not found to be significant predictors of average changes 

in total fertility per country per year in this study.   

On the other hand, year dummy after the year 2000 was found to have a significant 

lower average total fertility compared to the 1990s. Similarly regional dummies 
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were found to be significant in most regional compared to the reference Latin 

America. While south and south East Asia has a significant lower average total 

fertility, -1.24 (se=0.44), in model two, sub Saharan Africa is found to be 

significantly higher than LA and all other regions. The Middle East region was 

found to be no different from the reference population. Another very important 

point to observe is the direction of association. In almost all predicators except for 

infant mortality, and dummy for sub-Saharan region most have a negative direction, 

despite their level of significance, unlike the previous models in Table 11.  

In the final model which contains all the predictors, except GDP per capita, still 

age of marriage, infant mortality, education, population density and regional 

dummies were found to be statistically significant factors to affect total fertility, 

but this model is assumed to be over controlled, where the polynomial function in 

infant mortality and income per capita disappears. However compared to the fixed 

effects model, we can see that most of the predictors in this model are statistica lly 

significant, this might be due to the omitted variable bias created by the time 

invariant variables, especially regional dummy. This is evidenced by the high 

variation explained by the between individuals effects compared to the 

idiosyncratic error, more than 80% the error.  
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Table 12: Random effects model for distal determinants of fertility with extended controls. 

 
Model-1 Model -2 Model -3 Model -4 Model -5 Model -6 Model -7 

age.marr -0.13** -0.14** -0.13*** -0.13*** -0.13*** -0.12** -0.12** 
 (0.06) (0.06) (0.05) (0.05) (0.05) (0.05) (0.05) 
poly(icmr, 1) 0.02*** 0.03*** 0.03*** 0.02** 0.02*** 0.02** 0.02** 
 (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 
poly(icmr, 2) -0.0001** -0.0001** -0.0001* -0.0001* -0.0001** -0.0001* -0.0001 
 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
as.urban -2.78*** -2.89*** -2.49***   -2.23*** -2.09*** 
 (0.72) (0.81) (0.82)   (0.80) (0.74) 
as.edu    -1.15*** -1.25*** -0.92*** -0.91*** 
    (0.37) (0.34) (0.35) (0.35) 
lndensity -0.26*** -0.25***  -0.23** -0.22*** -0.27*** -0.27*** 
 (0.08) (0.08)  (0.09) (0.08) (0.09) (0.08) 
lnpche 0.03    0.02  0.08 
 (0.09)    (0.09)  (0.09) 
lngdp  0.08 0.05 -0.02  0.1  
  (0.09) (0.09) (0.08)  (0.09)  
as.exthe   -0.14 0.13  0.09 0.08 
   (0.41) (0.40)  (0.41) (0.41) 
yrdumy -0.22*** -0.23*** -0.27*** -0.23*** -0.22*** -0.19*** -0.19*** 
 (0.07) (0.07) (0.07) (0.07) (0.06) (0.07) (0.07) 
region2ENAWCA -0.85** -0.81** -0.83** -0.32 -0.27 -0.48 -0.47 
 (0.36) (0.36) (0.36) (0.41) (0.41) (0.40) (0.41) 
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region2S-SEA -1.19*** -1.24*** -1.48*** -0.42 -0.38 -0.88** -0.83* 
 (0.43) (0.44) (0.44) (0.34) (0.35) (0.44) (0.43) 
region2SSA 0.57** 0.53* 0.75** 1.15*** 1.18*** 0.73** 0.77*** 
 (0.28) (0.29) (0.30) (0.26) (0.23) (0.29) (0.29) 
Constant 9.24*** 8.97*** 7.74*** 7.63*** 7.48*** 8.38*** 8.74*** 
 (1.33) (1.32) (1.12) (1.25) (1.12) (1.21) (1.22) 
Observations 237 239 229 229 237 229 229 
Ind-effects 0.787 0.786 0.777 0.781 0.781 0.784 0.779 
R2 0.7 0.71 0.7 0.71 0.71 0.73 0.73 
Adjusted R2 0.67 0.67 0.66 0.67 0.68 0.69 0.69 
F Statistic 53.58***  

(df = 10; 226) 
54.84***  
(df = 10; 228) 

49.96***  
(df = 10; 218) 

47.68***  
(df = 11; 217) 

54.87***  
(df=10; 226) 

47.62***  
(df=12; 216) 

47.76***  
(df=12; 216) 

Note *p<0.1; **p<0.05; ***p<0.01 
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Chapter 5. Discussion 

Fertility has been studied in various occasions for its role in population and 

development agendas. Understanding trends in fertility and predictors is a focus 

both for the developing and the developed world from two opposing directions. 

Fertility reduction for the developing world, where high population growth 

accelerated by high level of TFR is expected to affect employment, saving and 

investment and put an economic burden on an already existing weak economy, 

while fertility promotion for the developed world where low fertility would cause 

an economic burden from a declining productive labour force and rising elderly 

dependent population. In various communities and cultures the determinants of 

fertility and pace of fertility change are fond to vary considerably across  countries 

(140). According to this literature, the pace of fertility was estimated to be 0.03 per 

year in sub-Saharan Africa, less than one third of other regions, 0.12. Total fertility 

above 5.0 is either pre-transitional or early transitional and total fertility below 2.5 

is late transitional; whereas fertility in the range of 5 in the previous period and 2.5 

in the prediction period is considered to be in mid-transition (141).  

The finding from our study reveals that African fertility is in the early transitiona l 

period, the average being greater than 5 (sd=0.91), while Latin America, the Middle 

East and south and South East Asia are all in the mid transition period. This 

classification doesn’t show changes before and after the millennium, even though 

there are between country variations and declines among regions over time. This 

finding is in line with the works of Mauldin (142-144) which discussed the fertility 

reduction effect of improvements in family planning program efforts in most East 

Asian countries in the late 20th century.  

Balance between population growth rate and economic growth rate, growing labour 

force and rate of employment creation, access to quality of health care and quality 

of education, ensuring longevity and quality of life for its citizens are among the 
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major objectives by any public body. Most literatures in the late 19th century used 

to talk about the high fertility in Sub-Saharan Africa with poor progress on fertility 

decline. However following the millennium development goal and after the ICPD 

1994 conference, most African governments showed concern about fertility and 

reproductive health in general. This has contributed to the reduction in fertility 

across the globe despite the relative high fertility in Sub-Saharan Africa regardless 

of its decline.  

In most of the developed nations, most parts of Asia and some parts of Latin 

America, despite variations in the pace of fertility decline, a decline in fertility was 

found to be sustained to less than replacement level. However the fertility decline 

in Africa in the late 1990s was postulated to be temporary and fears of its rebound 

were mentioned in various literatures (127). However according to this study, 

taking a time dummy before and after the year 2000 showed that average fertility 

in most developing counties were significantly lower after 2000 than late 20th  

century, -0.26 (se=0.08). This indicates that most developing countries includ ing 

Sub-Saharan Africa have already experienced a sustained fertility decline despite 

the existing within individual country variations. 

5.1.Proximate Determinants 

The findings from this research illustrate the major proximate and distal 

determinant factors that are responsible for a decline in fertility across the 

developing world. Predicted fertility and observed fertility are found to have an 

80.6% agreement, which is much lower than the one presented by Bongaarts (16). 

This challenges the validity of the method to clearly model total fertility rate across 

longitudinal period. On the other hand the results from the fixed effects generalized 

least square model in Table 7 indicate that the decline in total fertility rate is 

significantly contributed by declines in index of contraception, index of abortion 

and index of infertility, but not significantly affected by changes in index of sexual 
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activity. This might be due to the strong efforts done and political commitment in 

expanding contraceptive and safe abortion services in various parts of the 

developing world. Similar findings can be found on the works of Westoff et.al. 

(145) where declines in the total fertility rate are strongly correlated with increases 

in the use of modern contraception, but only weakly connected with increases in 

age at marriage in sub-Saharan Africa.  

On the other hand, the index of sexual activity, an entry point for conception to 

occur, is much higher in south and South East Asia and Africa while lower in Latin 

America; the higher the index, the lower its fertility reduction effect. Across time 

it has slightly shifted up for Latin America, while it shows decline in south and 

South East Asia and sub Saharan Africa, indicating a stronger fertility reduction 

effect. However, a multivariate analysis of sexual activity to average changes in 

total fertility shows that its variation is not significant contributor for fertility 

decline across time per county.  This finding is in line with the works of Johnson 

et.al (146), who’s study shows the effect of non-marriage on fertility is small for 

African countries. Similar other findings are reported in other studies (58). Whereas 

a study in poor and non-poor Asians has showed the importance of changing 

marriage pattern for their fertility reduction (25). Similarly, findings from 

Madhavan (24) indicate the increase in non-marriage as one of the strong factors 

for fertility decline in sub Saharan Africa unlike our finding. This might be due to 

methodological differences, that doesn’t consider panel effects across time in her 

analysis, and rather used specific case studies to justify such conclusions.  

Contraceptive prevalence which is one of the strongest proximate determinates of 

fertility on the other hand has shown improvement in most developing regions 

across time. Generally the distribution of the index of contraception in Figure 9 

shows a high prevalence in Latin America, the Middle East and south Asia. Despite 

progresses in sub-Saharan Africa, index of contraception is still the lowest in the 

world. A multivariate analysis indicates that a unit change in index of contraception 
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is associated with an increase in average total fertility rate by 2.6 (se=0.677) 

controlling for other proximate determinants of fertility across time per country 

(model 6, Table 7).  Similarly, a decomposition analysis has showed that more than 

75% of the declines in Latin America and South and South East Asia and 50% in 

sub-Saharan Africa is attributed to improvements in contraceptive utilization. This 

finding is in line with fertility analysis in Iran where more than 63% of the fertility 

reduction is attributed to contraception (147), in India, it has  contributed to 31.9% 

of the decline in fertility from 1998 to 2006, and in Indonesia about 75% of fertility 

decline(148). 

The index of abortion taken from secondary data, shows that abortion has a 

relatively high effect on fertility reduction in Latin American and the Middle East 

regions while being minimal in Sub-Saharan Africa and South and South East Asia. 

A bivariate relation of the effects of changes in the index of abortion for average 

changes in total fertility rate per country on the other hand indicates a decline of 

average changes in total fertility as index of abortion declines; which is also 

confirmed by the multivariate analysis. A one unit increase in index of abortion 

increases fertility by 14.17 (se=2.64) according to model six of Table 3. Practically 

as index of abortion is less than or equal to one and greater than 0, an increase of 

index of infertility by 0.1 is associated with an increase in total fertility by 1.4 

which is statistically significant at 0.01 level of significance. It means that as the 

index has been declining across time, it has significantly contributed for the 

reduction in total fertility per country. 

On the other hand, observation of the univariate distribution of index of post-

partum infecundity illustrates that this index is high for Middle East, North Africa 

and eastern European countries while being low in sub-Saharan Africa indicat ing 

the strong fertility reduction effect in the SSA. Nonetheless, its distribution across 

time shows its increment in Sub-Saharan Africa and south Asia while it shows a 

slight decline in Latin America.  Its bivariate relationship with changes in total 
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fertility reveals that total fertility rate is reducing as index of post-partum 

infecundity is increasing, a negative relationship, which is against our expectation. 

A multivariate analysis of the effects changes in index of postpartum 

insusceptibility to changes in total fertility using a fixed effects regression panel 

model (model 6 of Table 7) shows that a unit increase in index of post-partum 

infecundity causes a reduction in average changes in total fertility by 3.72 

(se=1.476) which is statistically significant at 5% level of significance. Similar 

findings were postulated by Easterlin 1982 (149, 150) which says that during the 

early stage of demographic transition, fertility might increase due to a decline in 

breastfeeding in the absence of contraceptive usage. On the other hand despite the 

importance of exclusive breast feeding, a recent global study of the global trend in 

exclusive breast feeding among infants younger than six months showed only a 

modest improvement in exclusive breast feeding in most developing countries, 

from 33% in 1995 to 39% in 2010, the  biggest improvement seen in West and 

Central Africa (151, 152).  Accordingly, we concluded that the negative 

relationship might be because of erosion of traditional methods of fertility control 

following improvement in development, globalization, mobility and urbanizat ion 

across the globe. This might further indicate an important are of focus for future 

implementation to potentiate the fertility reduction from family planning services. 

Infertility which is poorly understood in most parts of the world is an important 

proximate factor for total fertility to a couple. It is estimated that secondary 

infertility is very high in most parts of the developing world, due to weak 

management service for sexually transmitted infections. Results from DHS survey 

illustrate that effects of infertility on total fertility across time per country seems 

increasing in Latin America and the Middle East regions, despite the weakening of 

its effect after 2000 in the case of the later. Nonetheless, a bivariate plot between 

index of infertility and total fertility doesn’t show any clear relationship. The 

multivariate analysis on the other hand produced a positive relationship between 
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index of infertility and changes in total fertility. For a unit change in index of 

infertility, total fertility rate changes by an average of 0.58 (se=0.27) per country 

across time (model 4, Table 7).  In the past three decades infertility has declined in 

most regions, implying a fertility reduction effect by infertility. 

5.2.Distal determinants of Fertility 

Current fertility transitions (decline in TFR) in most developed countries are 

explained primarily by an increase in postponement of pregnancy across women’s 

lifetimes/tempo or by changes in the numbers of children that they have by the time 

they end their childbearing /quantum (153, 154). However for the developing world, 

age of marriage still seems very low and its contribution to changes in total fertility 

seems weaker. Observing the age of marriage across time using a spaghetti plot in 

our data as presented in  Figure 15 indicates the presence of a relatively small 

change in mean age of marriage in most regions, except for Latin America which 

has become stable around age 21. Similar findings are reported in trends of child 

marriage in Latin America, despite the relative low prevalence  of child 

marriage(30%), the region is found to be the only one to show no significant decline 

in child marriage (155, 156).  

A bivariate analysis of total fertility rate and age of marriage in our data shows that 

despite a very small change in age of marriage in most countries, total fertility 

seems to decline across time and in line with an increase in age of marriage. A 

further exploration of the effect of changes in age of marriage using both the fixed 

effects and random effects panel regression model revealed that a unit change in 

age of marriage is associated with an average reduction in total fertility by 

0.23(se=0.08) as presented in model three of Table 11, which is statistica lly 

significant at 1% level of significance. This finding is supported by the works of 

Johnson et.al. (146) where changes in fertility among thirteen (13) Sub-Saharan 

countries is attributed more to a delay in first union.  
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There is ample clinical and community based evidence which demonstrates the 

detrimental effect that delay in age of marriage will have on the total number of 

children a woman will have.  According to Westoff  (84), 64% of the variance in 

contraceptive practice, which intern explains about 70% of fertility intentions, is 

explained by women's desire for no more children and the age at first marriage, 

while Harwood-Lejeune (157) estimates shows that around  one sixth to one third 

of the fertility declines are due to rising age at marriage. Similarly findings from 

Malaker (158) indicates, a change in mean age at marriage from 15 to 19 years 

results in a reduction of 11% of the crude birth rate, 9% of the net reproduction rate 

and 10% of the TFR. Similar other findings which show inverse relationship 

between age of marriage and TFR are found in different parts of the world in 

different time periods (159-162).  

The net effects of fertility reduction from an increased in age of first marriage might 

be attributed to the shorter period of reproductive life exposed to pregnancy or 

increased chance of joining school, gaining skills and further joining the working 

environment following late marriage. On the other hand, for the reduction in 

fertility in England in the 1980’s, celibacy than delay in age of marriage was found 

to play a significant role (163), while for most European countries late age at 

marriage and widespread spinsterhood were mentioned as the major factors for 

fertility transition (164).Generally as in most of the pre-existing literatures, age of 

marriage is found to be a negative linear effect to total fertility. But the effect is 

quite very small 

Another predictor in total fertility incorporated in our model is level of infant 

mortality rate. To understand the role of Infant Mortality Rate on changes to total 

fertility rate, it is important to appreciate the univariate distribution of IMR, Figure 

16, which illustrates the presence of high infant mortality in sub-Saharan region.  

The same graph shows the presence of huge within country difference showing the 

changes across time.  Exploring of the variation in IMR across time reveals for 
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most regions and most countries, IMR has been declining for the last two to three 

decades. In sub Saharan Africa it has been rising until early 2000 and showed a 

dramatic fall following MDG interventions, which has started earlier in South and 

Southeast Asia (1995) and before 1980 for both Latin America and the Middle East 

regions. Similar findings are found in the 2013 UN report on trends in child 

mortality (165) which illustrates a decline in  the number of under-five deaths 

worldwide  from 12.6 million (CI=12.4, 12.9) in 1990 to 6.6 million (CI=6.3, 7.0) 

in 2012.  These changes in infant mortality are found to have a strong association 

with changes in total fertility at an R value of 0.6. This bivariate relationship is 

further displayed in the panel plot (Figure 28). Following this a fixed effects and 

random effects multivariate regression result shows that a one unit change in IMR 

is associated with an increase in total fertility by 0.03 (model 1), which persists 

when education, urbanization, population density and per capita income are 

controlled, but decelerating as the rate of infant mortality increases, reaching a peak 

point at 150 (point at which model reversal happens) infant deaths per thousand 

controlling for other predictors. However, it is very important to note the non-linear 

nature of this predictor which has improved the model fitting. In the linear 

modelling its significance disappears and the adjusted R square was lower for the 

model fit, which is in line with the works of Handa (166).  

Percent of urban population, another distal predictor of total fertility rate, was 

also found to be high both in Latin America and the Middle East regions, 59.7 and 

55 percent respectively, while it is low in south East Asia and sub-Saharan Africa. 

Despite this, observation across time shows that urbanization in Africa has 

increased from 27% to 33.4%. Both the bivariate exploration and multivar iate 

analysis of urbanization to changes in total fertility show that for most regions, an 

increase in urbanization is associated with low fertility. Model two in Table 9  

indicates a unit change in radians (16% increase in proportion) of 

urbanization (2𝜋𝜋𝑒𝑒𝐶𝐶𝑎𝑎 = 100%) is associated with a reduction in total fertility by 
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3.94 (se=1.15) which is statistically significant at 0.01 level of significance and the 

effect is stronger than secondary education, per capita income and infant mortality 

unlike findings in Cutright P. (167) where the effect of urbanization is lower than 

other social predictors,  controlling for age of marriage. This effect, despite 

showing a slight reduction to 2.29 (se=1.2) in model one of Table 10, it is still 

found to be persistent even  after controlling for population density, per capita 

health expenditure and income inequality on top of the existing control variables 

mentioned above. Similar findings are found in the works of White et.al. (168-170), 

where fertility in the urban population is found to be significantly lower. While our 

finding contradicts results from a time series analysis in Iran which found no 

significant relation between TFR versus urbanization  and unemployment (171). 

Population density, as one of the distal determinants of fertility was also found to 

have a significant reduction effect on average total fertility rate, -1.36 (se=0.37) 

while controlling for infant mortality and age of marriage. This was further found 

to be significant even after incorporating additional control variables, which was 

in line with similar other studies (102, 172). However, it is against results obtained 

by (103). This might be attributed to various cultural and socio-political reasons, 

the existence of unexploited agricultural land, assumption of children as economic 

sources, political ideologies to increase economic and political power in a mult i-

ethnic community and other cultural reasons that might be fertility promoting 

factors in less densely populated areas while demoting fertility in densely populated 

areas for reason of competition for limited resource in many aspects. On the other 

hand most densely populated communities are expected to live in urban setup and 

the correlation that exists between urbanization, density of population and better 

education might be a very important factor for the decline in total fertility. This is 

practically observed by the reduction in effect of population density on total 

fertility while urbanization and education are controlled in our model (Table 10). 

Despite the above findings, controlling further for twice a week radio listeners 
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makes its significant relation to disappear, which might inform us the effect of 

population density might come from increased awareness and accessibility to 

media. 

Another predictor of fertility is per capita income. In this study, variations in GDP 

per capita across regions are very prominent, sub Saharan Africa having the lowest 

per capita income. Exploring the bivariate relation of per capita income and total 

fertility using a spaghetti plot for panel data illustrates that total fertility declines 

as the value of per capita income increases, which is supported by the correlation 

coefficient of -0.5.   

A further exploration of the effect of changes in per capita income on changes in 

total fertility rate per country indicates that doubling of income per capita leads to 

a change in TFR by 0.24 (se=0.1) while controlling for age of marriage and Infant 

Mortality Rate, and its significance disappears as other distal predictors, notably 

education, population density and urbanization, are incorporated in to the model. 

This is against most of the existing evidences where income especially market 

earnings of wives is  found to be negatively related to total fertility (117, 173). A 

similar study by Handa (166) reported that both education and income have a 

negative relationship with fertility, the effect of education being much stronger. 

However this is a panel data that looks the changes in per capita income and 

changes in total fertility, despite the cross sectional importance to justify TFR, the 

changes across time are not found to be important predictors of average changes in 

TFR . This might be either due to controlling factors or its effect being indirect ly 

reflected through education, urbanization, child mortality and the like; or either it 

might still reflect the slow economic performance across these nations. Indeed, 

similar other findings are reported in different articles (174). Mueller (175) has on 

the other hand showed the nonlinear relationship between income and total fertility 

rate, positive at low levels and negative at high levels of fertility. Our paper already 
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uses a log transformed value and still incorporated for nonlinear models, but the 

significance still disappears while other predictors are controlled. 

On the other hand, as we have seen in the univariate analysis section, both per 

capita health expenditure and total health expenditures are relatively high for 

Latin America and The Middle East regions. While the external assistance for 

health is found to be very high for Sub-Saharan Africa and South and South East 

Asia. A bivariate analysis of these proxies of health expenditure to total fertility 

rate demonstrate that per capita health expenditure and changes in total fertility 

seem to have a negative relationship (R= -0.4), the same value to the bivariate 

relation between external health assistant and total fertility. A further multivar iate 

analysis using both fixed effects and random effects panel mode shows that 

changes in per capita health expenditure doesn’t show any significant effects on 

average changes in total fertility rate. At the same time external assistance for 

health has showed no significant change in total fertility rate per country, model 5 

of Table 10. This might be due to the dispersion of external health assistant to 

health in the various sub-sectors or variations in fertility related program efforts. 

Indeed there are still criticisms that claim a reduction in family planning and 

fertility related aid budget from the international community, probably following 

resource diversion to HIV/AIDS for the last almost two decades. 

On the other hand, univariate analysis of proportion of secondary educated 

women in DHS surveys showed that the Middle East and Latin America regions 

have the highest level of secondary educated samples. Sub-Saharan Africa and 

South and Southeast Asia have the lowest proportion of secondary educated 

women. Despite its relative percentage, in all the regions secondary education has 

increased over time across countries. A Bivariate relation of secondary education 

to total fertility indicates total fertility has reduced as proportion secondary 

educated increases (Figure 34). A further multivariate analysis of changes in 

secondary educated to changes in total fertility presents a reduction in total fertility 
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per country, a one rad change in secondary education reduced total fertility by 1.9 

(se=0.48) in table five and table six. It is very important here to note that education 

is the strongest predictors for fertility reduction in our study. Similar findings of 

impact of mass education as determinants of timing of fertility decline are found in 

the works of Caldwell (176) and Martine (177) which describes about Brazil 

fertility decline from 1965-95 and similar others (178) . A study in Turkey (94) has 

found that an extra year of female schooling reduces teenage fertility by 0.03 births. 

While another study on college study (179) has found that fertility inhibiting effect 

of college study are mainly concentrated on socially disadvantaged women groups.  

Another distal predictor of total fertility was access to mobile telephone expressed 

in proportion who have access to mobile service shows that it has a very high 

penetration in all the developing regions. However changes in mobile penetration 

are not found to have any significant association to changes in total fertility per 

country in the bivariate analysis. This might be due to the presence of missing 

values and data availability that might lead in to a high variance, and accordingly 

it is removed from our statistical model. Similarly, a univariate observation of 

proportion listening to radio per region and per country across time shows that in 

most regions, it has reduced except in sub-Saharan Africa where the trend seems 

to have a three wave nature, decrease in the late 20th century, increase in the early 

21st century and decline after 2005.  In spite of these differences Latin American 

communities are the highest listeners to radio communication. The bivariate 

analysis also confirms the absence of significant relationship between changes in 

total fertility and changes in radio listening. However, due to the importance of 

communication variable in our model, we kept it in the multivariate analysis and 

the results indicate that it is strongly related to reduction in total fertility rate. On 

the other hand the reduction in proportion to radio listeners might be due to 

diversification of media channel, especially the growing social media which are 

playing the major attention in access to information.  
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Chapter 6. Conclusion and Recommendations 

6.1.Conclusion  

Total fertility rate in most parts of the developing world in the last two decades has 

shown a significant reduction. African countries with an aggregate mean value of 

5.56 total fertility have reduced their fertility from 5.92 in the late 20th century to 

5.33, while Latin America and the Caribbean’s have made it from 3.9 to 3.04, South 

and South-East Asia from 3.4 to 3.05 and the Middle East from 3.7 to 2.5. However 

the pace of fertility reduction in most regions of the world has declined across time 

within countries. This is especially worrisome for sub-Saharan Africa where the 

overall total fertility rate is higher than 5, pre transitional fertility. 

Decomposition of the total fertility across proximate determinants indicates that 

average index of sexual activity has a strong fertility reduction in Latin America 

with its index being 0.52 in in the late 20th century and 0.55 in the early 21st 

century. Except in sub Saharan Africa and in South and South East Asia, the 

fertility inhibiting nature of non-sexual activity has reduced. Contraceptive index 

on the other hand has shown a strong fertility reduction effect in most regions that 

has become stronger across time. The strongest effect in fertility reduction from 

contraception is seen in Latin America and the weakest in Africa, 0.37 and 0.76 

respectively, in the early 21st century. Index of post-partum infecundity which is 

one of the strongest in fertility reduction on the other hand didn’t show any decline, 

indicating the weakening of its fertility inhibition effect across time, while index 

of infertility has declined indicating a stronger fertility inhibition effect. Our panel 

regression confirms that changes in total fertility are significantly affected by index 

of contraception, index of post-partum infecundity and index of abortion, while 

index of sexual activity is not significantly related to average changes in total 

fertility across time per country.  
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Generally the more than 75% of fertility reduction in most developing regions, 

except Sub-Saharan Africa, where the effect is averaged to be 50%, is attributed to 

the effect of contraceptive use. Post-partum infecundity on the other hand has 

reduced across time and has contributed to an increase in total fertility, an 

indication of erosion of cultural values related to breastfeeding. 

Observation of the impact of distal determinants, while controlling for the effect of 

other distal predictors, to changes in total fertility on the other hand demonstrates 

Infant Mortality Rate, urbanization, secondary education and population density 

have a significant effect in reduction of average fertility across time per country. 

The effect of urbanization on the other hand disappears while the effect of 

education is controlled. Age of marriage which has been significant in the in most 

models also disappears when population density is controlled. Effects of per capita 

income and per capita health expenditure and external assistant for health are all 

found to be insignificant controlling for other distal predictors. The relation 

between fertility changes and infant mortality was found to be nonlinear, positive 

at a decelerating speech.  

At the same time, a random effects panel regression model which fits our model 

better than the fixed model confirmed that average reduction in total fertility is 

lower after the year 2000 than before. Comparison of regional variations indicate 

that average value of total fertility in Africa is significantly higher than the 

reference population, Latin America.  

In brief, from our study, we have concluded the following summaries: 

 Fertility is declining in most parts of the developing nations but pace of

decline is slowing.

 Contraception explains the major share in fertility reduction across time per

country.
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 Fertility inhibiting effect of Post-partum infecundity has already declined 

in most developing regions, indicating change in life style and erosion of 

culture. 

 Despite its strong fertility inhibition effect (measured in its index), the 

effect of sexual activities (non-marriage) in fertility reduction across time 

is not significant. 

 Infant mortality has a significant nonlinear, positive effect, on changes in 

total fertility, reaching its maximum at IMR of 150 per 1000. 

 Women with secondary education have a significantly lower total fertility 

across time.   

 Per capita income and external resource for health do not have significant 

fertility reduction effect across time per country. 
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6.2.Recommendations 

Following our analytic results and conclusions, we would like to forward the 

following recommendations for policy makers, program planners, implementers 

and academicians: 

 Interventions to expand contraceptive practice are still very important to

address fertility reduction and need to be strengthened

 Culturally sound strategies  that promote breastfeeding and post-partum

abstinence need to be designed for fertility reduction  get the maximum out

of post-partum infecundity

 Investing in creating access for secondary education is very important and

can bring significant changes for fertility reduction.

 Interventions to delay age of marriage should be prioritized and exploited

further for fertility reduction in developing nations (which is very week in

our study)

 Access to safe abortion services and its prevalence is poorly documented

which requires a coordinated effort to understand its dynamics and relations

with fertility.

 Increasing access to media should be a priority in creating behavioura l

change for fertility.
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Limitations of the study 

This study uses secondary data from the demographic health survey. The validity 

of the data is not questionable as it is a standard tool developed and widely used 

across developing countries to inform governments about the progress of basic 

health and health related indicators. However this study uses aggregate values at a 

country level which might miss the within individual variation when further 

analysis is manipulated. On the other hand, some of the variables used in this study 

have undergone further aggregation, like the contraceptive index and other 

proximate indices where a further loss of data variation might happen.  

The estimation of induced abortion on the other hand uses existing studies to 

indicate the prevalence across countries and across time. This has its own variation, 

but the mean value is used for this study. At the same time estimation of infertil ity 

uses indirect questions used to asses’ infertility as a direct measure of infertility is 

not available. This all might bring measurement error for some of the variables. 

However, still to minimize these challenges, the estimation method is compared 

with different approaches of estimation and literature review to standardize our 

variables. 

On the other hand the decomposition of total fertility to its proximate determinants 

revealed the presence of unexplained variation between the predicted and actual 

fertility. This might be differences in the estimation of contraceptive use, abortion 

or infertility. However we have tried to check the consistency of our estimation 

based on Stover’s method and Bongaarts method. The index of contraception 

measured either with Bongaarts and Stover’s method have showed more than 95% 

match and the estimation of total fertility between Bongaarts method and Stover’s 

method showed more than 96% match.  
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Korean Abstract 

초록

개발도상국에서 출산력과 근결정요인의 패널 데이터 분석: 

인구보건조사(DHS) 1984년- 2014년 자료 이용

젬베레 지자츄 발러 

보건 과학부
보건 대학원
서울 대학교

배경: 세계 인구는 현재 74억명으로 2050년에는 98억명에 이를 것으로 

예상된다. 이러한 인구의 97퍼센트 이상은 개발 도상국의 인구가 될 것이며 

이미 미진한 경제에 압력으로 작용하고있다.  이러한 배경은 인구 증가의 

중요 요소인 출산율의 추세와 추세들을 설명할 수 있는 예측 인자들에 대한 

필요성을 제기함과 동시에 이에 대한 정부와 개발 파트너들간의 관심 

증가를 불러일으키고 있다.본 연구는 출산과 관련된 많은 개념 중에서도 

Davis&Blake 의해 발전되고 개발도상국의 출산과 예측요인들에 인접하여 

있는 결정 요인들(근결정요인, proximate determinant)과 이에 영향을 

미치는 근본적인 결정 요인들(원위결정요인, distal determinant)에 초점을 

맞추고 있다. 

연구목적: 본 연구의 주요 목적은 DHS데이터를 활용하여 개발도상국들의 

출산 감소 추세를 살펴보고 이를 근결정요인 및 원위 결정요인들의 변화로 

설명 하는 것이다.  
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연구  방법론:  본 연구는 1984년부터 2014년까지의 조사된 DHS데이터에서 

추출된 국가 자료에 근거한 정량적 연구이다. 또한 반복적인 설문조사가 

여러 번 실시된 142개 국을 대상으로 근결정요인을 분해(decomposition)하여 

합계 출산의 변화를 분석하고 근결정 및 원위 결정 요인들에 대한 고정 효과 

및 임의 효과의 패널데이터 분석을 실시하는 연구이다. 데이터에 대한 탐색 

및 통계적 분석은 R 의 “plm” 패키지를 통하여 이루어졌으며 패널 모형을 

선택하기 위하여 하우즈만 검정을 시행하였다(Hausman test). 

결과: 지난 30 년간 대부분의 개발 도상국에서는 경기 침체에도 불구하고 

출산율이 현저히 감소였고 대부분의 지역에서는 실질적으로 출산 감소 

속도가 줄어든 것으로 나타났다. 근결정요인을 이용한 총 출산율의 분해는 

출산율의 80 % 이상을 예측할 수 있었다. 또한 피임 도구 사용은 남부 및 

동남부 아시아와 라틴 아메리카의 출산율 차이에 대해 75 % 이상을 설명할 

수 있는 반면, 아프리카의 사하라 사막 이남 지역의 출산율 감소에 대해서는 

약 50 %를 설명할 수 있었다. 

이와 동시에 성 활동 지수는 아프리카 지역의 출산율의 평균 25%변화에 

기여하고 다른 지역에서는 유의하지 않은 것으로 나타났다. 반면, 피임약 

사용으로 인한 감소는 출산 후의 불임 감소 효과로 상쇄되어 출산율에 

상승효과를 주는 것으로 밝혀졌다. 다변량 패널 고정 효과 모형 분석을 

통하여 합계 출산율과 근결정요인들과의 관계를 확인해본 결과, 피임 및 

불임 지수의 기본 단위 변화는 2.47(se=.67)의 상승효과를 얻게 되었으며 

출산율은 3.9(se=1.49)로 감소하게 되었으나,  성 활동 요소에 대한 효과는 

여전히 유의하지 않은 것으로 나타났다. 
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고정효과 및 임의 효과 모델의 분석에 따르면 출산의 원위 예측 요인들인 

중등 교육 수준 및 인구밀도, 도시화와 출산변화는 부(-)적 관계로 

유의미함을 보였으나, 유아 사망률과의 관계에서는 1000 명당 150 명일 때 

최대점에 달하는 비선형적 관계를 보였다. 미디어에 대한 접근은 출산 

감소의 강력한 요인으로 작용하며, 출산에 대한 도시화와 인구 밀도의 

영향을 사라지게 하는 것으로 나타났다. 이와 반대로, 소수 민족의 분열, 

1인당 소득 및 보건을 위한 외부 자원은 출산의 감소에 유의하지 않은 것으로 

나타났다.  

결론: 피임약의 사용과 중등 교육에 대한 접근성 향상은 근결정요인 및 

원위결정요인의 접합적인 효과를 일으켰고 이로 인하여 대부분의 

개발도상국에서의 출산율 감소가 이루어지고 있다.  

제언: 출산 감소 중재로 피임약 사용을 강화하고 중등 교육에 대한 접근성을 

향상 시키는 한편 결혼 연령의 지연과 산후 불임에 기여 할 수 있는 문화적인 

건전한 중재를 만드는데도 초점을 두어야 할 것이다. 

키워드 : 출산, 국가 데이터, 근접, 분해, 원위 결정자, 패널, 고정, 임의효과 
모형

학생 번호: 2013-31364 
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Annex 1: Estimated contraceptive use effectiveness 
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Annex 2: List of countries and number of surveys included in our analysis 

Country Region #survey 
Reg
ion #survey 

Albania Europe 2 Kenya Africa 5 
Armenia Europe 3 Kyrgyz Republic Asia 2 
Azerbaijan Asia 2 Lesotho Africa 2 
Bangladesh Asia 6 Liberia Africa 4 
Benin Africa 4 Madagascar Africa 4 
Bolivia Latin America 5 Malawi Africa 4 
Brazil Latin America 2 Mali  Africa 5 
Burkina Faso Africa 4 Moldova Europe 2 
Burundi Africa 2 Morocco Africa 3 
Cambodia Asia 3 Mozambique Africa 3 
Cameroon Africa 4 Namibia Africa 4 
Chad Africa 2 Nepal  Asia 4 
Colombia Latin America 6 Nicaragua Latin America 3 
Comoros Africa 1 Niger  Africa 4 
Congo (Brazzaville) Africa 2 Nigeria Africa 4 
Congo Democratic 
Republic Africa 2 Pakistan Asia 3 
Cote d'Ivoire Africa 3 Paraguay Latin America 4 
Dominican Republic Latin America 7 Peru  Latin America 10 
Ecuador Latin America 3 Philippines Asia 5 
Egypt Africa 7 Rwanda Africa 5 
El Salvador Latin America 4 Senegal Africa 6 
Eritrea Africa 2 Sierra Leone Africa 2 
Ethiopia Africa 3 Tanzania Africa 5 
Gabon Africa 2 Togo  Africa 3 
Georgia Europe 2 Turkey Europe 2 
Ghana Africa 5 Uganda Africa 5 
Guatemala Latin America 5 Ukraine Europe 2 
Guinea Africa 3 Vietnam Asia 3 
Haiti Latin America 4 Yemen Asia 2 
Honduras Latin America 4 Zambia Africa 5 
India Asia 3 Zimbabwe Africa 5 
Indonesia Asia 7 Grand Total  244 
Jamaica Latin America 2     
Jordan Europe 6     
Kazakhstan Asia 2     
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Annex 3: Mean distribution of proximate and distal determinants of fertility between regions, 1984-2014. 

Proximate determinants among regions and across time dummy 
Index Latin America Middle East SSA S-SEA

Cx 0.535(se=0.014) 0.635(se=0.018) 0.682(se=0.019) 0.659(se=0.008)
Ca 0.83(se=0.006) 0.854(se=0.011) 0.829(se=0.014) 0.915(se=0.002)
Ci 0.69(se=0.008) 0.769(se=0.006) 0.689(se=0.006) 0.597(se=0.005)
Cu 0.433(se=0.02) 0.507(se=0.021) 0.537(se=0.022) 0.791(se=0.013)
Cf 0.791(se=0.018) 0.746(se=0.022) 0.84(se=0.016) 0.882(se=0.006)

Distal determinants of fertility among regions and across time 

Total fertility rate 3.462(se=0.114) 3.097(se=0.238) 3.203(se=0.115) 5.573(se=0.086) 
Index Latin America Middle East SSA S-SEA

Mean child ever boner 4.662(se=0.119) 4.322(se=0.305) 4.742(se=0.147) 6.392(se=0.077)
Mean age of marriage 20.775(se=0.337) 20.484(se=0.254) 18.494(se=0.434) 18.479(se=0.202)
Infant mortality rate 39.121(se=2.544) 39.611(se=3.526) 54.879(se=3.658) 76.737(se=2.137)
Per capita GDP 2260.942(se=206.11) 1756.085(se=207.93) 840.756(se=127.01) 767.006(se=116.54) 
Population density 95.986(se=13.347) 70.147(se=5.094) 342.099(se=57.65) 70.359(se=7.728) 
Urbanization  59.713(se=1.535) 54.263(se=2.556) 30.534(se=1.933) 30.982(se=1.312) 
Per capita heath 
expenditure 

143.218(se=11.648) 111.786(se=14.69) 31.422(se=4.487) 40.57(se=5.68) 

Private health 
expenditure 

3.08(se=0.164) 3.205(se=0.213) 2.561(se=0.179) 3.22(se=0.158) 
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Public health expenditure 2.666(se=0.123) 2.835(se=0.259) 1.219(se=0.084) 2.363(se=0.105) 
Total health expenditure 5.811(se=0.167) 6.048(se=0.325) 3.792(se=0.237) 5.599(se=0.196) 
Out of pocket health 
expense 

42.635(se=1.499) 48.65(se=2.677) 57.83(se=1.682) 41.455(se=1.633) 

Mobile penetration  33.326(se=5.238) 32.338(se=7.347) 21.279(se=5.514) 23.492(se=3.043) 
External resource for 
health 

4.347(se=1.066) 3.523(se=0.592) 5.248(se=0.789) 22.088(se=1.695) 

Ethnic fractionalization 0.442(se=0.025) 0.232(se=0.035) 0.561(se=0.059) 0.693(se=0.019) 
Secondary education 41.042(se=2.857) 59.189(se=5.458) 38.656(se=3.86) 24.312(se=1.711) 
Gini coefficient 51.865(se=0.768) 35.252(se=0.736) 35.208(se=0.874) 43.957(se=0.76) 
Radio listeners 74.815(se=1.216) 47.284(se=3.256) 44.368(se=3.565) 49.536(se=1.592) 



 

vi 
 

Annex 4: trends in proximate determinants of fertility among regions and across 
time, 1984-2014 

Proximate determinants of fertility among regions and across 
time 

Region Indices Beffore-2000 After-2000 
LA Cx 0.519(se=0.016) 0.55(se=0.013) 
Middle Cx 0.623(se=0.012) 0.647(se=0.022) 
S-SEA Cx 0.731(se=0.017) 0.648(se=0.018) 
SSA Cx 0.68(se=0.006) 0.645(se=0.009) 
LA Ca 0.496(se=0.019) 0.375(se=0.017) 
Middle Ca 0.551(se=0.026) 0.467(se=0.012) 
S-SEA Ca 0.56(se=0.023) 0.521(se=0.021) 
SSA Ca 0.836(se=0.011) 0.761(se=0.013) 
LA Ci 0.843(se=0.006) 0.819(se=0.006) 
Middle Ci 0.867(se=0.012) 0.843(se=0.01) 
S-SEA Ci 0.834(se=0.014) 0.826(se=0.014) 
SSA Ci 0.915(se=0.002) 0.915(se=0.002) 
LA Cu 0.699(se=0.009) 0.682(se=0.008) 
Middle Cu 0.749(se=0.006) 0.787(se=0.005) 
S-SEA Cu 0.675(se=0.005) 0.698(se=0.006) 
SSA Cu 0.585(se=0.006) 0.605(se=0.005) 
LA Cf 0.868(se=0.01) 0.721(se=0.019) 
Middle Cf 0.816(se=0.017) 0.688(se=0.022) 
S-SEA Cf 0.879(se=0.011) 0.812(se=0.017) 
SSA Cf 0.895(se=0.005) 0.873(se=0.006) 
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Annex 5: trends in distal determinants of fertility among regions across time, 
1984-2014 

Distal determinants of fertility among regions and across time 
Region indices Beffore-2000 After-2000 

LA Total fertility rate 3.922(se=0.511) 3.034(se=0.395) 
Middle Total fertility rate 3.7(se=0.608) 2.585(se=0.425) 
S-SEA Total fertility rate 3.4(se=0.583) 3.058(se=0.524) 
SSA Total fertility rate 5.922(se=0.555) 5.345(se=0.501) 
LA Mean child ever born 5.174(se=0.095) 4.216(se=0.109) 
Middle Mean child ever born 5.141(se=0.354) 3.625(se=0.201) 
S-SEA Mean child ever born 5.136(se=0.14) 4.453(se=0.134) 
SSA Mean child ever born 6.816(se=0.051) 6.116(se=0.08) 
LA Mean age of marriage 20.573(se=0.344) 20.958(se=0.334) 
Middle Mean age of marriage 19.612(se=0.29) 21.225(se=0.132) 
S-SEA Mean age of marriage 17.721(se=0.449) 19.035(se=0.409) 
SSA Mean age of marriage 17.844(se=0.148) 18.893(se=0.223) 
LA Infant mortality rate 49.333(se=2.493) 30.226(se=1.983) 
Middle Infant mortality rate 53.875(se=3.18) 28.2(se=2.567) 
S-SEA Infant mortality rate 63(se=3.412) 48.895(se=3.572) 
SSA Infant mortality rate 88.356(se=2.177) 69.159(se=1.796) 
LA Per capita GDP 1570.349(se=125.492) 2884.703(se=231.52) 
Middle Per capita GDP 1200.696(se=173.953) 2228.167(se=206.482) 
S-SEA Per capita GDP 546.729(se=48.552) 1046.576(se=152.373) 
SSA Per capita GDP 435.237(se=31.636) 983.377(se=144.447) 
LA Population Density 83.464(se=11.465) 107.295(se=14.879) 
Middle Population Density 53.386(se=5.1) 84.394(se=3.833) 
S-SEA Population Density 346.247(se=55.96) 339.195(se=60.248) 
SSA Population Density 54.147(se=5.489) 80.931(se=8.788) 
LA Urbanization 56.825(se=1.433) 62.322(se=1.566) 
Middle Urbanization 50.752(se=2.557) 57.248(se=2.513) 
S-SEA Urbanization 29.549(se=1.766) 31.223(se=2.079) 
SSA Urbanization 27.027(se=1.021) 33.561(se=1.428) 
LA Per capita health 

expenditure 
120.459(se=10.488) 163.775(se=12.154) 

Middle Per capita health 
expenditure 

65.446(se=8.715) 146.54(se=15.805) 

S-SEA Per capita health 
expenditure 

19.212(se=1.26) 39.97(se=5.329) 

SSA Per capita health 
expenditure 

21.908(se=1.785) 52.741(se=6.943) 
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LA Private health 
expenditure 

3.067(se=0.117) 3.092(se=0.199) 

Middle Private health 
expenditure 

2.514(se=0.188) 3.724(se=0.192) 

S-SEA Private health 
expenditure 

2.13(se=0.16) 2.862(se=0.178) 

SSA Private health 
expenditure 

2.974(se=0.114) 3.381(se=0.18) 

LA Public health 
expenditure 

2.431(se=0.114) 2.879(se=0.126) 

Middle Public health 
expenditure 

2.788(se=0.243) 2.87(se=0.277) 

S-SEA Public health 
expenditure 

1.003(se=0.058) 1.37(se=0.091) 

SSA Public health 
expenditure 

1.974(se=0.078) 2.617(se=0.114) 

LA Total health expenditure 5.621(se=0.154) 5.971(se=0.177) 
Middle Total health expenditure 5.322(se=0.352) 6.594(se=0.279) 
S-SEA Total health expenditure 3.162(se=0.2) 4.233(se=0.236) 
SSA Total health expenditure 4.988(se=0.141) 5.998(se=0.217) 
LA Out of pocket health 

expenditure 
46.255(se=1.216) 39.598(se=1.616) 

Middle Out of pocket health 
expenditure 

43.326(se=2.368) 52.643(se=2.763) 

S-SEA Out of pocket health 
expenditure 

57.5(se=1.704) 58.062(se=1.709) 

SSA Out of pocket health 
expenditure 

46.26(se=1.555) 38.32(se=1.626) 

LA Mobile penetration  1.314(se=0.184) 50.882(se=5.265) 
Middle Mobile penetration 0.71(se=0.257) 56.059(se=7.694) 
S-SEA Mobile penetration 0.287(se=0.113) 33.874(se=6.042) 
SSA Mobile penetration 0.168(se=0.031) 30.009(se=3.187) 
LA External resource for 

health 
2.955(se=0.395) 5.514(se=1.392) 

Middle External resource for 
health 

2.746(se=0.56) 4.067(se=0.611) 

S-SEA External resource for 
health 

3.619(se=0.521) 6.389(se=0.893) 

SSA External resource for 
health 

14.132(se=1.252) 27.152(se=1.776) 

LA Ethnic fractionalization 0.456(se=0.023) 0.428(se=0.026) 
Middle Ethnic fractionalization 0.316(se=0.037) 0.16(se=0.029) 
S-SEA Ethnic fractionalization 0.596(se=0.059) 0.537(se=0.06) 
SSA Ethnic fractionalization 0.682(se=0.02) 0.701(se=0.018) 
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LA Secondary Education  37.189(se=2.341) 44.523(se=3.225) 
Middle Secondary Education  43.294(se=5.541) 72.7(se=4.392) 
S-SEA Secondary Education  30.336(se=3.668) 44.48(se=3.759) 
SSA Secondary Education  16.584(se=1.208) 29.352(se=1.829) 
LA Gini Coefficient 51.596(se=0.813) 52.107(se=0.736) 
Middle Gini Coefficient 36.757(se=0.798) 33.905(se=0.614) 
S-SEA Gini Coefficient 33.541(se=0.919) 36.374(se=0.805) 
SSA Gini Coefficient 45.464(se=0.858) 42.975(se=0.679) 
LA Proportion radio 

listeners 
76.5(se=1.24) 72.85(se=1.17) 

Middle Proportion radio 
listeners 

54.067(se=3.382) 43.469(se=3.115) 

S-SEA Proportion radio 
listeners 

52.069(se=3.404) 38.806(se=3.456) 

SSA Proportion radio 
listeners 

44.197(se=1.484) 52.122(se=1.597) 
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