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Abstract 

Economists have studied the relationship between population growth and economic growth 

for a very long time and not found any clear relationships. Recently they have begun to focus 

on the factors of population growth such as fertility and mortality rates. From this line of 

study came the age-structure hypothesis. 

   The age-structure hypothesis was founded on the evidence from Asia’s very successful 

demographic transition and many economists are now wondering whether Sub-Saharan Africa 

(SSA) will be able to repeat this feat. Hence, this study aims to investigate the relationship 

between the dependency ratio (a ratio between the dependents (ages 0-14 and 65+) and the 

number of workers (aged 15-64) in a population (Eastwood and Lipton, 2012)) and economic 

growth in SSA and search for evidence of a demographic dividend. Not many previous 

studies have been done focusing completely on SSA and this study therefore aims to shed 

some light on the subject. The investigation was done by a cross-sectional regression analysis 

using a sample of 26 sub-Saharan countries and secondary data from mostly the World Bank.  

   The results show a significant relationship between both versions of the dependency ratio 

and economic growth but do not show evidence of a demographic dividend. Out of the two 

versions of the age-structure hypothesis, most support was found for the strong version. 

   Furthermore, support was found for the conditional convergence theory and both savings 

per capita and the initial level of education were found significant. However, the results had 

problems with severe multicollinearity and it was concluded that the results were not entirely 

reliable and should not be depended upon. 
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1. Introduction 

1. 1 Background 

The first economist to form a theory regarding population was Malthus in the late 18
th

 

century. His theory can be summarised to state that the working population is trapped at a 

subsistence level of living because any increase in income will be followed by an increase in 

population that lowers the income per capita to equilibrium levels again (Grabowski and 

Shields, 1996). Ever since, economists have studied the relationship between population 

growth and economic growth
1
. Up until the 1980s, the focus of study was total population 

growth with two main theories about the effect on economic growth. One side stated that 

population growth was positive and the other side stated that it was negative but no empirical 

consensus could be found (Bloom and Williamson, 1998).  

   In the late 80s economist started to investigate whether it was fertility or mortality that 

affected economic growth instead of the whole population and found significant negative 

relationships between fertility rates and economic growth while the relationship between 

mortality and growth was insignificant (Bloom and Williamson, 1998). Bloom and 

Williamson (1998) built on this research when they investigated the effect of changes in the 

age distribution in a population on economic growth and thus started the area of study 

regarding the age-structure hypothesis (Crespo Cuaresma, Lutz, and Sanderson, 2013).  

1.2 Study Objective 

Sub-Saharan Africa (SSA) is undergoing the demographic transition right now. A large 

question is whether these countries will be able to utilise the demographic changes and gain a 

demographic dividend as Asia did from around 1965 until today (Eastwood and Lipton, 

2011). A demographic dividend is defined as the extra amount of economic growth that a 

country may experience during the second phase of the demographic transition caused by 

changes in age-structure (Bloom and Williamson, 1998).  

   The aim of this study is therefore to investigate the relationship between age-structure 

changes and economic growth in SSA. If a significant relationship is found, the study will aim 

to investigate whether there is any evidence of a demographic dividend and of what size that 

possible dividend might be. Not many previous studies have been done in this area of study, 

focusing completely on SSA. This study will therefore aim to shed some light on the subject. 

                                                 

1
 Economic growth will be treated as a perfect synonym for GDP per capita growth in this study 
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1.3 Research Questions 

 Is there a correlation between the dependency ratio and economic growth? 

 Is there any evidence of a demographic dividend in Sub-Saharan Africa? 

1.4 Methodology and Scope of study 

The study will be done through an examination of the literature and the previous results from 

studies on the subject. The main method, however, is the econometric analysis of cross-

sectional regression. This regression will investigate the relationship between the dependency 

rate (people ages 0-15 and 65+ divided by people 15-64 years old (Eastwood and Lipton. 

2012)) and economic growth in SSA. The dependent variable is average percentage growth of 

GDP per capita over the period 1985-2010. The independent variables included in this study 

are the dependency rate and the young-age dependency rate, total labour force, capital per 

worker, total population, the initial level of GDP per capita, the initial level of education, the 

average level of education over the period, the labour force participation rate, savings per 

capita and two dummy variables. Secondary data is used that are collected from the World 

Bank, the Penn World Tables and the Barro-Lee data collection. All variables have been 

averaged over the period in order to avoid bias caused by temporary fluctuations. 

   The scope of this study is limited to Sub-Saharan countries. The choice of which countries 

to include was entirely dependent on the availability of data. The data collection started with 

all countries in SSA and the final sample was of those countries that had a full set of data. 

However, due to lack of data for the savings per capita variable, some countries lack a few 

observations for this variable. Here, the countries with enough data that it would not affect the 

total sample were selected. The total size of the final sample is 26 countries, which is 

considered large enough to provide good results. A full list of the included countries along 

with the data used can be found in Appendix 1.  

   No consideration for the economic strength of the country was taken in the sampling. 

However, the final sample is biased towards lower income groups. This is not perceived as a 

problem since the theories investigated in this study were developed for developing countries.  

   This study will ignore migration as a factor affecting the chosen independent variables and 

the dependent variable. This simplification of reality is perceived necessary in order to avoid 

very complicated relationships between many of the included variables that would make it 

hard to see the effect the changes in the dependency ratio has on economic growth. 
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1.5 Thesis structure 

The study begins with a chapter presenting fundamental theories that are necessary for the 

comprehension of the rest of the study. It is then continued with a chapter presenting some 

previous studies and their results, which is followed by the theory chapter.  

   The theory chapter is divided into four parts. The first part is a brief introduction to the 

demographic dividend. The second and third explains the ways through which changes in the 

dependency ratio affects economic growth, first through changes in the age structure and the 

through population growth. The fourth part presents reasons for why there might not be a 

demographic dividend and a conflicting theory. 

   After the theory chapter, the empirical model, the variables, and the data used in the study 

are presented. This is followed by the regression results and a description and analysis of 

them. The study is then finished with a chapter discussing the results, summarising them and 

drawing the conclusions. 
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2. Background 

In this chapter, fundamental concepts and theories will be presented. These more basic 

theories are necessary to understand the theories presented later on in this study. 

Demographic Transition 

The demographic transition describes the four different phases a population goes through in 

the process of developing from a preindustrial society to a post-industrial one (Bloom and 

Williamson, 1998). The first phase starts at high levels of crude birth and death rates (from 

now on called simply birth and death rates), both of which are defined as the number of 

births/deaths occurring in a population during a given time period (usually a year) per 1000 

people in the population (United Nations Statistics division, 2014). The size of the population 

is assumed stable in the first phase since birth and death rates are at the same level.  

   The second phase starts the transition with a fall in the crude death rate. Since birth rates are 

higher than death rates, the population grows. This fall in mortality is mostly in the form of 

declined infant and child mortality, which means that the there is an increased number of 

youths. The reduced infant and child mortality induce a reduction in fertility but this 

adjustment is slow and takes place after a lag in time. When fertility starts to decline, phase 

three starts, and the population growth starts to decline. The death rate continues to fall but 

the speed of the fall decreases during this phase until it levels out at a much lower level than 

the one in the beginning.  

   The fourth and final phase is when, after a time lag, fertility has been reduced enough that it 

once again is at the same level as mortality and hence population growth is more or less stable 

again. Important to notice is that both during the first and the fourth phase birth and death 

rates will cycle, which in the short run means both population growth and decay. However, in 

the long run the size of the population is stable (Bloom and Williamson, 1998). 

Demographic Transition based on Dependency ratios 

Recent emphasis on the dependency ratio, defined as the number of people below the age of 

15 and above 65 in the population as a ratio of the working-age population (aged 15-64) 

(Eastwood and Lipton, 2012), has led to a reconstruction of the transition into three phases 

(Eastwood and Lipton, 2011). Using this version of the transition, the first phase starts with an 

increase in the dependency ratio because the young-age dependency (the part consisting of 

those aged 0-14) increases. This is roughly equal to the second phase in the traditional 

transition and usually takes around 25 years to go through. 
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   In the second phase, the dependency ratio decreases because the young-age dependency 

falls. This is because the large generation of children born in the time lag between the fall in 

the death rate and the fall in the birth rate has grown up and the following generation is much 

smaller because of the decreasing birth rates. This phase is roughly equal to the first half of 

the third phase in the traditional transition. It is much longer than the first phase and usually 

takes around 40 years to complete. The third phase takes place when the large generation 

from phase one has retired and therefore increases the dependency ratio through increased 

old-age dependency. This phase is assumed to take around 50 years to complete and takes 

place during the second half of the third phase plus the fourth phase of the traditional 

transition (Eastwood and Lipton, 2011).  

   Seen graphically, the movement of the dependency ratio throughout the transition looks 

approximately like a wave. The dependency starts at a high level and increase rapidly during 

the first phase. The peak of the dependency rate starts the second phase in which the 

dependency falls rapidly to levels much below the initial level. It starts to increase again in the 

third phase but at a more modest pace and not enough to reach the initial level (Eastwood and 

Lipton, 2011). It is this version of the demographic transition that will be used in this study 

and hereafter all references to the demographic transition will refer to this version of it, unless 

otherwise stated. 
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3. Previous Studies 

In this chapter, previous studies and their results will be presented. These studies will act as 

reference points in this study. 

   As mentioned above, the literature regarding the dependency ratio and the demographic 

dividend is based on the discussion about the effect that population growth has on economic 

growth. It evolved during the second half of the 20
th

 century from focusing on total population 

growth, to fertility and mortality and finally to age-structure and the dependency ratio. 

   Bloom and Williamson (1998) and Bloom and Sachs (1998) both introduced age-structure 

as an important variable. They used the same basic model that was altered to suit the purposes 

with their studies with different content in the X vector. Furthermore, they used global cross-

country data over the period of 1965-1990. Both of them measured age-structure changes the 

same way, not by using the dependency ratio but by using total population growth, the growth 

of the working-age population and their difference as variables. 

   Kelley and Schmidt (2005, 2007) built on the results from the two studies above when they 

wanted to study demography’s effect on economic growth. However, they used global panel 

data and developed a new growth model that separated the direct effects on production that 

age-structure changes has (productivity effect) and the effects that occur because the 

economic growth is translated from output per worker to output per capita (translations 

effect). They used total population growth and the growth of the working-age population to 

measure the translations effect, and young- and old-age dependency, population density and 

population growth to measure the productivity effect. 

   Crespo Cuaresma, Lutz, and Sanderson (2014) used a similar model when they investigated 

whether the effects on growth coming from age-structure changes could be attributed to 

changes in education instead. They also used global panel data and their model measured the 

productivity and translations effects, however, they used other variables than the previously 

mentioned studies and used two ratios to measure demography, labour force/ working-age 

population, measuring the participation rate and working-age population/total population, 

measuring the working-age share. 

   Many studies have concluded that age-structure changes have important effects on 

economic growth. Bloom and Williamson (1998) found that between one-third and three-

quarters of the economic growth in Asia could be connected to age-structure. This made them 

conclude that population dynamics might have been the most important determinant of 

growth over this period. However, they also found that the economic effects from age 
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distribution seem transitional and that they only come into effect when the growth rates of the 

working-age and the dependent population differ.  They also found that a slower demographic 

transition indicates that the demographic dividend will be lower. 

   Kelley and Schmidt (2005) found that the combined impacts from demographic change 

have accounted for approximately 20% of per capita output growth impacts, with larger 

shares in Asia and Europe. This would support Bloom and Williamson’s findings. For SSA 

the number is 20% too. When it comes to Africa, Bloom and Sachs (1998) found an economic 

shortfall for Africa, out of which two-thirds of the shortfall could be explained by a 

combination of tropical geography, demography, and public health. Using projections, the net 

demographic impacts are predicted to be positive in five of six developing regions. Africa, 

which began the second phase of the transition relatively newly, can expect to reap the bulk of 

these benefits in the future (Kelley and Schmidt, 2007). 

   Previous studies have found strong results that the young-age dependency is significantly 

negative and have large effects on economic growth, both in the short-run and the long-run. 

They also found that the effects from age-structure had direct effects on growth (productivity 

effects) (Kelley and Schmidt, 2005; 2007). The opposite was later claimed by Crespo 

Cuaresma et al. (2014). They claimed that the effects were only translation effects. Regarding 

the effects that changes in the dependency ratio has on other variables several studies have 

found that decreases in the dependency ratio has positive effects on savings and investments 

(Lee et al., 2000; Kelley and Schmidt, 2007). Declining fertility and hence declined 

dependency ratios have also been found to increase female labour participation (Bloom et al., 

2009).  

   Connected to the demographic dividend and dependency ratios is the second demographic 

dividend. Lee et al. (2000) introduced this theory and it occurs after the first dividend when 

the now aging country has accumulated additional wealth and this wealth is productively 

invested. However, Kelley and Schmidt (2007) found contrary results. They found that 

increasing old-age dependency have strong negative effects on growth and that those effects 

were larger than the positive ones from declining young-age dependency, this was true even 

for developing countries. Since the old-age dependency will increase as the demographic 

transition progresses, these effects will only continue to increase. 

   The current trends regarding the demographic dividend are local investigations, where the 

demographic dividend is investigated in one country and occasional regional investigations, 
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especially those involving Europe. This is because the subject of population ageing and 

therefore, the second demographic dividend are popular to study right now. 
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4. Theory 

In this chapter, the aim is to provide a theoretical framework to explain why there would be a 

correlation between the dependency ratio and economic growth. The chapter begins with a 

brief introduction of the concept of the demographic dividend. It is then continued with 

theories of why changes in the age-structure would affect economic growth, which are 

followed by theories surrounding the relationship between population growth and economic 

growth. The chapter is finished by some concerns to why there might not be any demographic 

dividends in SSA, along with Crespo Cuaresma et al.’s (2014) conflicting theory.  

4.1 Demographic Dividend 

The theory of the demographic dividend states that after the fertility decline during the first 

phase of the transition, the age distribution of the population will be focused on the working-

age population, which is illustrated by the fall of the dependency ratio during the second 

phase of the transition. This creates a beneficial situation because of the assumption that the 

dependent population is an economic burden. Therefore, by decreasing their share of the total 

population, a country may reallocate its assets from consumption to investments. It is also 

seen as a good time to invest in human capital because of the smaller numbers of children 

caused by the reduced birth rates. This means that the education expenditure per child can be 

increased at a relatively smaller cost. The combination of investments in both education and 

other areas means that a country might enjoy a dividend of increased output per capita during 

these years (McDonald, 2014). 

   A development strategy based on the theory of the demographic dividend has been used in 

much of Asia since the late 1960s and 70s with much success. The aim was to reduce the 

fertility rate to around 2 children per woman. However, some countries have experienced 

problems with fertility rates that were reduced too much, which creates long-term problems of 

an increasingly aging population along with a shortage of labour supply. It was also 

experienced that the fertility rate was hard to increase once it had fallen to a low level, which 

implicates that the problems caused by low fertility would be long lasting and hard to solve 

(McDonald, 2014). 
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4.2 Age-structure and economic growth 

Age-structure hypothesis 

This hypothesis was, as mentioned above, introduced by Bloom and Williamson (1998). 

There are two versions of it, a “strong” and a “weak” form. The strong form states that all 

effect on economic growth coming from demographic change (the demographic dividend) 

comes through changes in the dependency ratio or equivalently, the working-age share of the 

population. The weak form states that all effect on economic growth comes through the age-

structure. However, it allows for the possibility that the effect from changes in young- and 

old-age dependency might have different effects (Eastwood and Lipton, 2011).  

   This might be explained in two ways, arithmetically and empirically. The arithmetical 

explanation states that a fall of the dependency ratio will make a given growth in output per 

worker to be translated into a faster growth in output per person (Eastwood and Lipton, 2011, 

p. 11). This is because a fall in the dependency ratio implies that amount of workers relative 

to the total population has increased. Therefore, holding the output per worker and size of the 

population fixed, an increase in the relative amount of workers will give a larger output per 

capita. However, the full effect of the dependency ratio is restricted here. It is assumed not to 

affect output per worker, the participation rate, and the unemployment rate (Eastwood and 

Lipton, 2012).  

   The empirical evidence regarding the dependency ratio and demographic dividend states 

that the age-structure hypothesis is true and that the dividend is much larger than the one 

calculated arithmetically. This can be explained by an increase in the participation of women 

in the labour force, increased savings or possibly a simultaneous increase in both of them 

(Eastwood and Lipton, 2011). Both of these will be explained further down along with other 

indirect effects that the dependency ratio might have on economic growth. However, a brief 

introduction to the theoretical framework of the age-structure hypothesis is needed first. 

   The theoretical framework for the age-structure hypothesis is based on the Solow-Swan 

model with technological progress modified to include demographic variables. As an 

example, the empirical model used by Crespo Cuaresma et al. (2014) started with this 

aggregate production function: 

𝑌𝑖𝑡 = 𝐴𝑖𝑡𝐾𝑖𝑡
𝛼𝐿𝑖𝑡

1−𝛼 

Y is total output in country i at time t, A is total factor productivity, K is the capital stock and 

L is total labour input. The final model is far longer and more elaborate; still, it is clear that it 
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is based on the Solow-Swan model. Because it is based on the Solow-Swan model, the 

convergence theory is included in the framework in the form of conditional convergence.  

   Conditional convergence states that there is a convergence of growth rates of per capita 

income between countries, although the levels might differ because of differing parameters 

such as population growth. The theory implies that a country will grow faster the further it is 

from its own steady state. However, this does not necessarily imply that poorer countries will 

grow faster than richer ones; it all depends on the distance from their steady state. A poorer 

country that is closer to its steady state will grow slower than a richer country further from its 

steady state (Ray, 1998). Bloom and Williamson (1998) assumed that there would be a 

convergence of both economic growth rates and of demographic variables, such as the 

dependency ratio. Hence, they designed their empirical model to be able to test this theory. 

The studies following their study have continued to use this type of model and hence have 

integrated the convergence theory into the age-structure hypothesis (Crespo Cuaresma et al., 

2014) 

Labour input 

One of the indirect effects on economic growth that the changes in the dependency ratio have 

is through their effects on the labour input. Bloom and Williamson (1998) explained that 

labour inputs per capita, defined as working hours per capita (H/N, where N= total 

population) could be divided into three parts: hours worked per worker (H/L), labour 

participation rates among working-age population (labour force per working-age population= 

L/WA) and the share of the working-age population to total population (WA/N). The authors 

stated that out of those three components, the working-age share (WA/N) was the pure 

demographic effect.  

   Nonetheless, changes in the dependency ratio often affect not only the third component but 

also the second. The effect of the dependency ratio on the working-age population is quite 

straightforward. The dependency ratio and the working-age share can be seen as mirror 

images of each other, as explained by Eastwood and Lipton (2011, p. 19): 

g (
WA

N
) = −g(1 + dependency ratio) 

Therefore, a decrease in the dependency ratio would mean an increase of the working-age 

share, which would increase labour inputs per person. Since L in the aggregate production 

function is a function of the labour inputs, an increase of the labour inputs per person would 

increase L, which would increase total output (Bloom and Williamson, 1998). 
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   However, as stated above the dependency ratio often affect the labour force participation as 

well as the working-age share. This is because out of the three components of the dependency 

ratio: the young population (ages 0-14), the working-age population (ages 15-64), and the 

retired population (ages 65+); the young population is the only component whose size and 

growth can be affected by the decisions of the population. Therefore, a reduction of the 

dependency ratio most often comes through a reduction of the young-age dependency, which 

in most cases means a reduction of the fertility rate. This opens up women to work instead of 

having children, which increases labour force participation (L/WA) and in turn increases L in 

the production function (Crespo Cuaresma et al., 2014). However, this assumes that there are 

employments opportunities available for women to take. If there are not, then the only thing 

affected by more women joining the labour force is the unemployment rate (Eastwood and 

Lipton, 2011). 

Savings and Investments 

A decline in the dependency ratio is also expected to increase the savings rate in the economy. 

Simplified, it is because the population is assumed to consist of dissavers and savers with the 

dependent population being dissavers and the working-age population being savers (Eastwood 

and Lipton, 2011). Bloom and Williamson (1998) had a more elaborate explanation using the 

“Variable rate-of-growth effect” model. It is a model developed during the 1980s by Fry and 

Mason and is a combination of the dependency rate and the life-cycle model of consumption. 

The model assumes that a decrease in the young-age dependency might cause people to shift 

their consumption from child rearing to non-child-rearing parts of life, which would lead to 

increases in the national savings rate. This is because people are assumed to save instead of 

spending on consumption for child rearing. The model suggests that the level of the savings 

rate depends only on the dependency ratio and that the growth rate depends on the product of 

the young-age dependency ratio and the growth rate of the national income (Bloom and 

Williamson, 1998, p. 447).  

   There is however, some uncertainty about the empirical evidence for this theory. Using East 

Asia as an example there is a strong negative relationship between the savings rate and the 

dependency ratio that would support this model. However, other empirical results have 

created doubts on the strong relationship between savings and the dependency ratio. The total 

sum of the empirical evidence regarding savings and dependency is however, unclear 

(Eastwood and Lipton, 2011). 
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   The connection between the savings rate and economic growth is standard Solow-Swan 

model with technological progress. Since savings equals investments, a higher savings rate 

increases the amount of capital per worker, which increases output per head (Carlin and 

Soskice, 2006). 

4.3 Population and economic growth 

It is theoretically unsound to ignore the fact that while changes in the dependency ratio do 

change the age-structure of a population it is also accompanied with population growth, which 

might affect economic growth on its own. However, as mentioned in the beginning, 

economists have tried to determine the effect that population growth has on economic growth 

for a long time without much success (Bloom and Williamson, 1998). This is further 

complicated regarding the age-structure hypothesis. The hypothesis assumes that population 

growth itself is neutral to economic growth. However, it has been included as a variable in 

most previous studies, which would indicate that it in fact has some effect on economic 

growth (Eastwood and Lipton, 2011).  

   Following below are some possible effects that population growth might have on economic 

growth. This study will assume neutrality and will not try to conclude anything regarding the 

effect of population growth.  

Dilution of natural and reproducible capital 

In the Solow-Swan model, an increase in the growth of workers is assumed negative for 

economic growth because it dilutes capital per worker. However, if demographic factors such 

as a non-working population and the dependency ratio are inserted into the model and 

assuming the savings theory from above is true, an increase in the number of workers (n) 

relative to population growth will reduce the dependency ratio. This will increase the savings 

rate, which would offset, or possibly reverse the dilution of capital. The dilution will be 

reversed if the increase in savings is larger than the growth in labour, which in turn is larger 

than the population growth, the increase in number of workers will lead to an increase in the 

growth rate of GDP per capita. However, if the increases are not large enough, the reverse 

will happen and GDP per capita growth will be decreased (Bloom and Williamson, 1998). 

Outside of the model, there are definitely concerns whether the savings rate will increase 

enough to offset capital dilution. Both from the empirical uncertainties brought up above and 

from concerns that the saving rates in SSA are too low to sustain their levels of consumption 

today (Eastwood and Lipton, 2011). 
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   Regarding natural capital, capital dilution is more often a consequence of population growth 

than with reproducible capital. This is because in many cases the amounts of natural capital 

are constricted, such as the amount of land or water. There is also a risk for environmental 

degradation from increased population size, which would have a negative effect on economic 

growth. One clear example of this is the environmental collapse on Easter Island, which in 

turn collapsed the whole society (Eastwood and Lipton, 2011). 

Increasing returns to population 

Population growth may also increase population density, which might increase long-run 

income per capita. This is because with higher population density, exogenous technological 

advances are more easily and the incentives to invent and innovate are higher with the larger 

market sizes. There is also some evidence that the increased population density may induce 

agricultural innovations that saves land. However, this does not seem to be a widespread 

consequence (Eastwood and Lipton, 2011). 

4.4 Reasons for a lack of demographic dividend 

There are some concerns that might cause the demographic dividends not to appear or to be 

reduced to such small sizes that they are no longer perceptible. One example of this is the 

pacing of the transition. Asia went through phase 2 in 50 years, ca 1965-2015. Africa started 

phase 2 in 1985 and should, assuming the same pacing as Asia, finish it 2035. However, UN 

predictions show a much slower transition than Asia’s and even those predictions have been 

questioned as being too fast. In addition to this, many countries had not yet entered phase 2 or 

just started it by 2005 (Eastwood and Lipton, 2009, p. 23), which means that there are very 

large differences within SSA. These differences could be seen as signs that the transition in 

SSA is in fact taking place at a much lower pacing the transition in Asia. Bloom and 

Williamson (1998) concluded in their study that a slower transition resulted in a lower 

dividend. This could indicate that SSA’s predicted slow transition might mean that the 

dividends gained during the transition might be too small to be noticeable (Eastwood and 

Lipton, 2011). 

   Furthermore, SSA has additional factors affecting the transition that might not have been 

present during Asia’s transition. An example of this is the fact that there are still high 

mortality rates in many places in SSA. Since a fall of mortality will lead to a fall in fertility, 

the persistently high mortality numbers means a reduction of the pacing of the transition. 

Another concern is the HIV/AIDS epidemic. This is related to the high mortality rates. 
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However, it also affects the labour supply by reducing the working-age population since many 

in this group fall victims to these diseases. This would increase the dependency rate and slow 

the transition down, which would result in lower dividends (Eastwood and Lipton, 2011).  

   There are also increasingly larger differences in fertility rates between the rural and the 

urban areas in many SSA countries. In many cases, the rural areas fall further and further 

behind the urban areas. This reduces the pacing of the transition for the country as a total and 

might slow the transition down further because resources to reduce fertility have to be 

increasingly focused on the rural areas instead of being spread equally (Eastwood and Lipton, 

2011). 

Educational dividend instead of a demographic dividend 

Crespo Cuaresma et al. (2014) presented a contrasting theory that stated that it is increased 

education that causes the dividend and in particular female education, instead of age-structure 

changes. According to their theory, increased levels of education reduce fertility levels and 

thus begin the third phase in the traditional transition. The higher level of human capital 

increases the productivity of the workers and improves their ability to take up new 

technology. It also acts as a catalyst of innovation (Crespo Cuaresma et al., 2014). However, 

unclear in their theory is why increased education would cause a dividend in the meaning of a 

boost to economic growth at that precise moment during the transition and not otherwise. 

Assuming, ceteris paribus, that education is a driving force of economic growth, it should give 

a dividend all the time and not only during the second phase of the transition. It is unlikely 

that education on its own suddenly would give such an increase in economic growth without 

the help of other variables and therefore creates doubts of the veracity of the theory. 
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5. Empirical analysis 

This chapter starts with a presentation of the empirical model used in the study. A thorough 

explanation of the variables and data used follows the model and the chapter is concluded 

with the regression results. 

5.1 Regression Model 

The models used in this study are two cross-sectional lin-log models inspired by the model 

used by Crespo Cuaresma et al. (2014). The selection of variables for this study was based on 

their study. However, the variables selected for this study are not exactly the same as the ones 

used in their study and the form of these variables is not the same in most cases. Furthermore, 

this study includes three more variables than they did: a variable for savings per capita and 

two dummy variables. The reason behind the choice to base this study on their empirical 

study is to try to ensure that these models really test the age-structure hypothesis and to 

decrease the chance of omitted variables. 

   As mentioned above, two regression models will be tested in this study. The first model will 

include the dependency ratio and the second model will include the young-age dependency 

ratio. Apart from the difference in version of the dependency ratio variable, the other 

variables are identical. The reason for the separate models is to be able to test both the strong 

and the weak form of the age-structure hypothesis. The theory is that by comparing the results 

one is able to tell which form of the hypothesis that fits this sample the best. Both of the 

models will be presented in three steps, each step including more variables until all variables 

are included in the third step. This is done in order be able to see possible relationships 

between the variables. 

Model 1 

gGDP = α + β1ln𝐷𝐸𝑃𝑅𝑇 + β2𝑙𝑛𝐿𝐴𝐵 + β3𝑙𝑛𝐶𝐴𝑃 + β4𝑙𝑛𝑃𝑂𝑃 + β5𝑙𝑛𝐺𝐷𝑃𝑖𝑛 + β6𝐸𝐷𝑈𝑖𝑛

+ β7𝐸𝐷𝑈 + 𝛽8𝑃𝐴𝑅𝑇 + 𝛽9𝑆𝐴𝑉 + 𝛽10𝑃𝐻𝑆2 + 𝛽11𝐻𝑀𝑖𝑛𝑐 + 𝜀 

Model 2 

gGDP = α + β1ln𝐷𝐸𝑃𝑅𝑇𝑌 + β2𝑙𝑛𝐿𝐴𝐵 + β3𝑙𝑛𝐶𝐴𝑃 + β4𝑙𝑛𝑃𝑂𝑃 + β5𝑙𝑛𝐺𝐷𝑃𝑖𝑛 + β6𝐸𝐷𝑈𝑖𝑛

+ β7𝐸𝐷𝑈 + 𝛽8𝑃𝐴𝑅𝑇 + 𝛽9𝑆𝐴𝑉 + 𝛽10𝑃𝐻𝑆2 + 𝛽11𝐻𝑀𝑖𝑛𝑐 + 𝜀 
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Explanation of variables 

gGDP= Average GDP per capita growth over 1985-2010 

α= constant 

β𝑥= coefficient of variable x 

DEPRT= Dependency ratio 

DEPRTY= Young-age dependency ratio 

lnLAB= Log of total labour force 

lnCAP= Log of capital stock per worker 

lnPOP= Log of total population 

lnGDPin= Initial level of GDP per capita, 1985 

EDUin= Initial level of education, 1985 

EDU= Average level of education 

PART= Participation rate 

SAV= Savings per capita 

PHS2= Phase 2, dummy 

HMinc= High-Middle income, dummy 

ε= Error term 

5.2 Data and Specification for chosen variables 

GDP per capita growth 

The dependent variable is GDP per capita growth. It is defined as the annual percentage 

growth rate of GDP per capita in constant local currency. The data used is an average of the 

years 1985-2010, the unit is percentage points and the data is from the World Bank (2014a). It 

is the dependent variable because the age-structure hypothesis centres around the 

demographic effect on GDP per capita. 

Dependency ratio 

The dependency ratio is defined as the ratio of dependents (ages 0-14 and 65+) to the 

working-age population (ages 15-64) and is expressed as the number of dependents per 100 in 

the working-age population. The unit will therefore be percent of the working-age population. 

The data used is the average dependency ratio over the period and is from the World Bank 
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(2014b). It is expected to have a negative effect on economic growth because an increase of 

the dependency ratio means an increased number of dependents. 

Young-age dependency ratio 

The young-age dependency ratio is defined as the ratio of younger dependents (ages 0-14) to 

the working-age population. It is expressed in the same way as the dependency ratio and the 

unit is percent of the working-age population. The data used is the average young-age 

dependency rate over the period and is from the World Bank (2014c). Just like the 

dependency ratio, it is expected to have a negative impact on economic growth as an increase 

of the ratio increases the number of dependents. It is included as a variable on its own because 

the weak form of the age-structure hypothesis states that the effect of young- and old-age 

dependency might be different. Previous studies have indicated that the young-age 

dependency is especially important for economic growth (Eastwood and Lipton, 2011). 

Total Labour Force 

Total labour force is defined as the number of people, 15 years or older, that is economically 

active and supply labour. It includes both employed and unemployed people. The natural log 

(from now on just log) has been taken on the original data (World Bank, 2014d) and then this 

has been averaged over 1990-2010 due to a lack of data for the first five years.  

   The variable is expected to have a positive impact on economic growth since an increase in 

the size of the labour force means an increased number of workers. The total labour force is 

included as a variable because it is assumed that age-structure changes will increase the 

labour force both through increased participation and through an increase in the working-age 

share of the population. Another reason for its inclusion is that past studies, such as Crespo 

Cuaresma et al. (2014) among others, have based their empirical models on aggregate 

production functions where labour is one of the main factors of production. 

Capital stock per worker 

The capital stock per worker was calculated by dividing data for gross capital formation 

(constant 2005 prices of local currency) (PWT 7.1, 2012) by the data for total labour force. 

This was logged and then averaged over 1990-2010 because of the previously mentioned lack 

of data for the labour force. It should be acknowledged that gross capital formation might not 

be the same as the capital stock but it is assumed that it is close enough to function as a proxy 

for the capita stock. 



19 

 

   The expected sign is positive because an increase in the capital per worker means an 

increase in output. It is included partly because population growth might cause capital 

dilution, which would mean a decrease in capital per worker, and partly because it is one of 

the main factors of production. 

Total Population 

Total population is defined as the midyears estimates of population size. The data was logged 

and then averaged over 1985-2010. The data is from the World Bank (2014e). The expected 

sign could be both positive and negative. The age-structure hypothesis claims that population 

growth is neutral. However, as mentioned above, economists have debated the effect of 

population growth on economic growth for decades with some economist claiming it has a 

positive effect and other claiming it has a negative effect. Neither side has found strong 

empirical evidence to back up their theoretical claims. Crespo Cuaresma et al. (2014) 

expected population growth to be negative but found weak positive coefficients in their 

results. This only confirms that population growth might be either positive or negative. 

   The inclusion of this variable is not evident because, as mentioned above, the hypothesis 

assumes population growth to be neutral, which might mean that it could be left out of 

empirical models. However, it has been included in all previous studies that the researcher has 

seen, perhaps to avoid bias caused by omitted variables. It is assumed that the previous studies 

included this variable for good reasons and therefore that there are good reasons to include it 

here as well.  

Initial GDP per capita 

The initial GDP per capita is the log of the 1985 levels of GDP per capita in constant 2005 US 

dollars. The data is from the World Bank (2014f). The expected sign is negative since the 

theory of conditional convergence states that economic growth is faster the further away it is 

from steady state. Assuming that poorer countries by definition are further away from their 

steady state than richer ones, a higher initial GDP would mean a slower economic growth.  

   As mentioned above, Bloom and Williamson assumed that there would be both an economic 

and demographic convergence in Asia and hence designed their model to be able to test their 

convergence theory. This basis of the empirical models on the convergence theory has been 

used by most previous studies (Crespo Cuaresma et al, 2014) and is the reason for the 

inclusion here as well. 
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Education and Initial level of education 

The level of education is defined as the mean years of education on all levels of the school 

system for the population that is 15 years or older. The data was compiled every five years so 

the dataset only contains six entries (-85, -90, -95, -00, -05 and -10). The data for the initial 

levels are the original data for 1985 and the data for Education are the average levels over this 

period. The lack of data for all years is not expected to be a problem since the average levels 

or the original data are used. The data was found at the World Bank but it is from the Barro-

Lee dataset over educational attainment (Barro and Lee, 2014).  

   The expected sign is positive since an increased educational attainment increases the human 

capital, which is one of the main factors of production and hence increases output.  It is 

included both because the level of education was one of the original variables used by Bloom 

and Williamson (1998) and because of the results by Crespo Cuaresma et al. (2014) that states 

that both the level and the changes in educational attainment has large explanatory powers in 

a model over the demographic dividend. It is possible that some of the mentioned explanatory 

power is reduced because Education is the average value instead of the change over the 

period. However, it was decided to use the average values in order to match the form of the 

rest of the variables and because of the researcher’s lack of experience in analysing variables 

in changes forms.  

Participation rate 

Participation rate is defined as the ratio of the population 15 years and older that is part of the 

labour force (World Bank, 2014g). It is not a perfect match for the theoretical variable, which 

would be the ratio of labour force to working-age population. However, it is assumed that it is 

close enough to act as a proxy. The expected sign is positive because an increase in the 

participation rate means an increase in the labour force, which, as mentioned above, is one of 

the main factors of production and hence will increase output.  

   This variable has not commonly been included in models of the demographic dividend, 

probably due to lack of data. According to Crespo Cuaresma et al. (2014), they were the first 

to include it and found it significant for three out of four regressions. Theoretically, it is 

assumed that changes in the age-structure not only increase the working-age population but 

also the participation rate, mostly through increased female participation. 
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Savings per capita 

Savings per capita was calculated by dividing gross savings (World Bank, 2014h) in current 

US dollars by total population. The measuring unit is therefore dollars saved per person. The 

expected sign is positive since increased savings will increase capital accumulation, which 

will increase economic growth. This variable is included because it is one of the main 

arguments for the demographic dividend to occur. Assuming that dependents consist of 

dissavers while workers save, reducing the dependency ratio will increase savings per capita. 

Phase2 

Phase 2 is a dummy variable that measures whether a country had entered the second phase of 

the demographic transition, characterised by maximising the dependency ratio, by 2000. 

It is defined so that the countries that maximised their dependency ratio later than 2000 have 

the value of 1 and the other countries have the value of 0. This data is taken from the dataset 

over the dependency ratio (World Bank, 2014b). The theory behind this dummy variable is 

that the countries that had not initiated the second phase of the transition by 2000, which is 

the phase where the dividend is supposed to occur, will be in a worse economic situation than 

the countries that entered the second phase earlier. This is because they have had less time 

with a lower number of dependents in the economy and may not yet have had the time to gain 

any advantages from it. The reason for drawing the line at the year of 2000 is that the line had 

to be drawn somewhere and if the countries had not yet entered the second phase by 2000 

they have had less than 10 years within the second phase. This is a very short amount of time 

considering that Asia as a whole completed its second phase in 50 years and this pacing is 

considered very fast. Following this reasoning, the expected value is negative. 

High-Middle income 

High-Middle income is also a dummy variable. This dummy measures whether a country is 

considered an upper-middle income country or not. The countries that are upper-middle 

income countries have the value of 1 and the lower-middle income and low-income countries 

have the value of 0. The data is based on the metadata about every country that is included in 

every downloaded datasheet from the World Bank. This data was sourced from the GDP per 

capita growth data (World Bank, 2014a) but might have been taken from any data set from the 

World Bank. The reasoning behind this variable is that it is supposed to catch any other 

underlying causes to the increased growth of the upper-middle income countries that is not 

caught by the included variables, such as higher quality of institutions or similar things. The 
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expected sign is positive since the upper-middle income countries have higher economic 

growth rates. 

Table 5.2: Overview of regression variables and expected outcome 

Variable Description Source Expected sign 

gGDP 
GDP per capita growth, 

1985-2010 
World Bank Dependent variable 

DEPRT Dependency ratio World Bank − 

DEPRTY Young-age dependency ratio  World Bank − 

lnLAB Log of total labour force World Bank + 

lnCAP Log of capital per worker 
Penn World 

Tables (PWT) 7.1 
+ 

lnPOP Log of total population World Bank ± 

lnGDPin 
Initial level of GDP per 

capita, 1985 
World Bank − 

EDUin 
Initial level of education, 

1985 
Barro-Lee + 

EDU Average level of education Barro-Lee + 

PART Participation rate World Bank + 

SAV Savings per capita World Bank + 

PHS2 Dummy, Phase 2 World Bank − 

HMinc 
Dummy, High-Middle 

income 
World Bank + 

 

Selection of variables 

There are many variables not included here that are not directly connected to the age-structure 

hypothesis that might affect the economic growth directly or affect it indirectly by affecting 

the included variables. Examples of such variables are the already mentioned quality of 

institutions, the rate of urbanisation and HIV/AIDS. The inclusion of these variables might 

have shed further insight into the relationship between the dependency ratio and economic 

growth or might have proven irrelevant, but since the number of variables is already very 

high, it was decided to focus on the variables that are directly connected to the hypothesis.  
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5.3 Regression Analysis  

Table 5.3.1: Regression results 

Dependent variable: GDP per capita growth 

Model 1a 1b 2a 2b 3a 3b 

Variable 
Estimated 

coefficient 

Estimated 

coefficient 

Estimated 

coefficient 

Estimated 

coefficient 

Estimated 

coefficient 

Estimated 

coefficient 

Constant 9.828** 

(4.15) 

0.0135 

9.45** 

(4.09) 

0.0154 

13.0 

(27.0) 

0.318 

6.68 

(29.1) 

0.411 

1.827 

(20.8) 

0.466 

0.166 

(23.1) 

0.497 

DEPRT -0.0318* 

(0.0240) 
0.099 

 -0.0826 

(0.0872) 
0.178 

 -0.130** 

(0.0738) 
0.0494 

 

DEPRTY  -0.0309* 

(0.0231) 

0.0972 

 -0.0984 

(0.0891) 

0.143 

 -0.126* 

(0.0782) 

0.0643 

lnLAB -0.148 

(0.256) 

0.285 

-0.136 

(0.258) 

0.301 

-4.73 

(16.7) 

0.390 

-8.09 

(17.5) 

0.325 

-10.0 

(12.9) 

0.224 

-10.1 

(13.9) 

0.240 

lnCAP -0.355 

(0.132) 

0.00661 

-0.360 

(0.131) 

0.00578 

-0.173 

(0.157) 

0.143 

-0.190 

(0.155) 

0.120 

-0.192 

(0.138) 

0.0945 

-0.226 

(0.145) 

0.070 

lnPOP   4.43 

(16.7) 

0.794 

7.83 

(17.5) 

0.660 

10.2 

(12.9) 

0.440 

10.3 

(14.0) 

0.471 

lnGDPin   -1.10** 

(0.613) 

0.0458 

-1.06** 

(0.610) 

0.0498 

-1.53*** 

(0.576) 

0.009 

-1.47** 

(0.606) 

0.0149 

EDUin   0.324 

(0.512) 

0.268 

0.339 

(0.508) 

0.257 

1.11** 

(0.443) 

0.0124 

1.073** 

(0.448) 

0.0156 

EDU   0.0337 

(0.482) 

0.473 

0.0223 

(0.478) 

0.482 

-0.871 

(0.429) 

0.0309 

-0.839 

(0.434) 

0.0367 

PART   0.0527 

(0.246) 

0.416 

0.105 

(0.259) 

0.346 

0.141 

(0.190) 

0.235 

0.147 

(0.209) 

0.247 

SAV     0.00598*** 

(0.00193) 

0.00398 

0.00556*** 

(0.00191) 

0.00564 

PHS2     0.987 

(0.871) 

0.138 

1.09 

(0.912) 

0.125 

HMinc     -2.38 

(1.87) 

0.111 

-2.15 

(1.86) 

0.134 

R-squared 0.333 0.334 0.495 0.504 0. 763 0.756 

Adjusted 

R-squared 

0.243 0.244 0.258 0.271 0.577 0.564 
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F-value 3.67 3.69 2.08 2.16 4.10 3.93 

P-value 0.0278 0.0274 0.0968 0.0867 0.00772 0.00924 

N=26       

Standard error in parentheses and p-values in cursive.  

All p-values, apart from lnPOP’s, are one-sided. lnPOP’s p-value is two-sided. 

***= significance at 1% level 

**= significance at 5% level 

*= significance at 10% level 

 

Seen above are the results from the regressions done. The descriptive statistics can be found 

in Appendix 2. Six regressions have been done, three for each version of the dependency 

ratio. The regressions including the total dependency ratio are called “a” and the ones 

including the young-age dependency are called “b”. Regressions 3 “a” and “b” are the full 

regressions and therefore have higher explanatory weight than the other regressions. 

   The p-values displayed are one-sided, except in the case of the population variable. Since 

the p-values obtained from the regression program are two-sided, the p-values displayed here 

have been divided by two. This is because their expected signs are either positive or negative 

and hence have one-sided hypotheses. Again, with the exception of the population variable 

because its expected sign could have been both positive and negative.  

   There are large differences between the different models. The sizes of the estimated 

coefficients vary greatly in size between the models as can be seen clearly in the coefficients 

of lnLAB. The probable cause of this is multicollinearity and will be discussed in more depth 

further down. 

   Both the total dependency ratio (DEPRT) and the young-age dependency ratio (DEPRTY) 

are significantly negative in the first and the third regressions. The results states that for 

DEPRT, an increase of one dependent person per worker, ceteris paribus, will decrease GDP 

per capita growth with between 0.03 and 0.13 percentage points. Inverted this means that a 

decrease of one dependent person per worker, ceteris paribus, will instead increase GDP per 

capita growth with as much. This is in total accordance with theory. 

The estimated coefficients for these variables are continuously smaller than the estimated 

coefficients from previous studies (Bloom and Williamson, 1998; Crespo Cuaresma et al., 

2014) which would indicate a lack of demographic dividend in the meaning of extra economic 

growth. This is because the effect on economic growth from changes in the dependency ratio 

is too small to be called a dividend since the definition states “the extra amount of growth”. 

The lack of dividend does not mean that there is not a relationship between the dependency 

ratio and GDP per capita growth because the results do show significant relationships between 
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both the dependency ratio and economic growth and the young-age dependency ratio and 

growth.  

   Regression 3a has a slightly higher adjusted R-square value and the DEPRT variable is 

slightly more significant than the DEPRTY variable in 3b. This would indicate slightly more 

support for the strong version of the age-structure hypothesis than for the weak version, which 

is contrary to other studies, who gained more support for the weak hypothesis (Eastwood and 

Lipton, 2011).  

   The variable for the initial GDP per capita (lnGDPin) is consistently negatively significant 

at the 5% level of significance and even at the 1% level in regression 3a, in all regressions 

where it is included. This supports the conditional convergence theory and the assumption 

that these countries had lower initial GDP per capita level because they were further from 

their steady states. The size of the estimated coefficients imply very high rates of 

convergence, however the size is approximately the same size as the coefficients estimated by 

Bloom and Williamson (1998) but are larger than the coefficients estimated by Crespo 

Cuaresma et al. (2014). No notice has been taken to the implied rates of convergence in 

previous studies since the focus lied on other matters. This study notices the high convergence 

rates but leaves further analysis for another study. 

   The savings variable (SAV) is significantly positive at the 1% significance level in both 3a 

and 3b. The coefficients are very small, but considering that an increase of only one dollar in 

savings per capita, ceteris paribus, will increase GDP per capita growth with ca 0.006 

percentage points, the results are quite striking. Unfortunately, there are no comparable 

previous results. Bloom and Williamson (1998) included average government savings, but 

that is not comparable to this variable. No other seen previous studies have had savings 

included as a variable. Some studies have seen it as endogenous to the model and it is easy to 

see why by looking in the correlation matrix (Appendix 2). In the correlation matrix it is clear 

that there are few included variables that savings per capita is not correlated to. However, 

these results would indicate that savings per capita is important for economic growth.  

   The initial level of education (EDUin) is significant in both regression 3a and –b at 5% 

significance. The coefficients estimated here are larger than the estimates from previous 

studies (Bloom and Williamson, 1998; Crespo Cuaresma et al., 2014). The p-value of the 

average education (EDU) is low enough to be significant in both 3a and 3b. However, the 

results indicate that increased education would have a negative effect on economic growth, 
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ceteris paribus, which goes against all theory and previous results. Since the sign is wrong, 

the low p-value does not count and hence, no significance is shown in the table.  

   The total effect from both of these variables does not support Crespo Cuaresma et al.’s 

claim that there is an educational dividend instead of a demographic one. Even ignoring the 

negative results of the EDU variable, the effect on economic growth is not large enough to be 

called a dividend. 

   As a whole, there a many variables in the results that has the opposite sign from the 

expected one. As an example, both the labour, and the capital stock variables show negative 

effects on economic growth in all regressions, ceteris paribus. This is theoretically very 

unlikely and contrary to previous results. Neither of the dummy variables have their expected 

sign either. Most of these variables are not significant, but lnCAP has low enough p-values in 

regressions 1a+b and 3a+b. However, as with the EDU variable, the low p-values do not 

count if the sign is not the correct one. 

   Regarding the dummy variables, one can question whether they contribute to this 

regression. Both of their mean values are very close to zero and their medians are 0.0. It is 

possible that they have gained their estimated coefficients through correlations with other 

variables and that their true values are not different from zero. Their null hypotheses, 

established when the expected signs were selected, cannot be rejected at any level of 

significance. For PHS2 that means that it cannot be rejected that the true coefficient of this 

variable is larger or equal to zero, while the opposite true for HMinc. 

   The probable cause of the unexpected signs, and possibly for some of the insignificance as 

well, is multicollinearity. The consequences from multicollinearity include increased 

variance, lower t-scores, and a larger sensitivity to specification changes. The larger variances 

are the probable reason for the unexpected signs because they increase the risk that the 

estimated coefficient will be on the other side of zero compared to the true coefficient 

(Studenmund, 2010).  

   Lower t-scores mean a lower chance of rejecting a null hypothesis and therefore reduce the 

chance of a significant result. The increased sensitivity means that the estimated coefficients 

often change a lot from, as an example, adding or removing an explanatory variable 

(Studenmund, 2010). This can, as mentioned above, be seen clearly in the all the estimated 

coefficients but especially in the coefficients of lnLAb and lnPOP. Their estimated 

coefficients vary greatly in size over the different regressions. This effect can also be seen in 

other variable’s coefficients but not with such great differences. 
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   The increased sensitivity does indicate multicollinearity and looking at the correlation 

matrix, found in Appendix 2, one can see that there are some very high simple correlation 

coefficients (r-values). As an example, the r-value between lnLAB and lnPOP is 0.99 and the 

r-value between the two education variables is 0.94. Both of these values indicate almost 

identical movement from the two variables. By counting the moderately high values along 

with the very high values (r-values ±0.49), one-third of the values can be included into that 

category. Such high correlation coefficients indicate multicollinearity but do not say much 

about the total effect since r-values only measure the correlation between two variables. 

However, a method called VIF measures the total effect. 

   VIF is a method of measuring how severe multicollinearity is by calculating the extent that 

an explanatory variable can be explained by the other independent variables. The VIF is an 

index of how much multicollinearity has increased the variance of an estimated coefficient 

(Studenmund, 2010, p. 259). Table 5.3.2 show the Variable Inflation Factors (VIFs) of the 

independent variables.  

Table 5.3.2: Variable Inflation Factors (VIFs) 

Variable Regression a Regression b 

DEPRT 18.66 
 

DEPRTY 
 

22.12 

lnLAB 4975.12 5649.72 

lnCAP 2.08 2.21 

lnPOP 4975.12 5649.72 

lnGDPin 8.80 9.44 

EDUin 12.76 12.70 

EDU 17.30 17.15 

PART 90.11 105.02 

SAV 13.91 13.10 

PHS2 1.87 1.99 

Hminc 13.07 12.62 

𝑉𝐼𝐹(𝛽𝑖) = (
1

1−𝑅𝑖
2), 1 ≤ 𝑉𝐼𝐹 ≤ ∞ 

VIFs are calculated by estimating a regression using one of explanatory variables as the 

dependent variable while the others stay as explanatory. The VIF is then calculated using the 

R-squared-value obtained from the regression in the equation seen in Table 5.3.2. As an 

example, the VIF of DEPRT is obtained by using DEPRT as the dependent variable in an 

OLS regression while the other independent variables stay as independent variables. The R-

squared-value obtained from this regression is used in the equation and the VIF value of 18.66 

is obtained (Studenmund, 2010). The r-squared values obtained through these regressions can 

be seen in Appendix 2.  
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   A VIF can take any value between 1 and ∞. A value of 1 indicates no multicollinearity, 

while a value of ∞ indicates perfect multicollinearity. With this number of variables, a value 

of more than 10 would indicate severe multicollinearity. As seen above, almost all of the 

independent variables are affected by serious multicollinearity, or extremely severe in the case 

of lnLAB and lnPOP. Unfortunately, this is a known problem in OLS regressions studying the 

age-structure hypothesis (Eastwood and Lipton, 2011). Attempts to avoid this problem can be 

made by using other regression methods such as using GMM and or Instrumental variables. 

This was not perceived as an option in this study because of a lack of knowledge and 

experience in using those methods. 

   There is also the possibility that the unexpected signs could be caused by bias from one or 

more omitted variables. However, the researcher has tried to figure out what variable could be 

missing and cannot think of what it could be. It is more probable that one or more irrelevant 

variables are included in the regression. This would increase variance and therefore cause the 

unexpected signs through the same mechanisms that the multicollinearity causes them. 

However, irrelevant variables most often do not cause variance to increase so much that it 

causes an unexpected sign.  

   Examples of possibly irrelevant variables are the two dummy variables. It would make 

sense if they were irrelevant since they have not been used in any previous studies, are not 

significant and have unexpected signs. However, when removed from the regression the fit 

declined and many of the t-scores of the variables were actually decreased. Hence, it was 

decided to leave them in the regression. 

   There are some differences between the estimated coefficients estimated here and the 

estimated coefficients from previous studies. These differences might be caused by the sample 

because previous studies have found evidence of an “Africa effect” in the form of lower than 

expected economic growth that they have not been able to explain. Another possibility when 

comparing these results to the results from Crespo Cuaresma et al. (2014) is that the 

difference in regression methods, GMM instead of OLS, might make a difference for the 

estimated coefficients.  

   Seen overall the adjusted R-square values in regression 3, which is the full regression, are 

high, which indicate a good fit for the model and the p-values for all of the regressions are 

low enough to be significant. However, it is perceived that the very strong multicollinearity 

affect the results too much and hence that they are not fully reliable. 
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6. Discussion and Conclusions 

The results have shown a significantly negative correlation between both versions of the 

dependency ratio and economic growth. This supports the age-structure hypothesis that a 

decrease in the dependency ratio will increase economic growth. Out of the two versions of 

this hypothesis the strong version, that all effect on economic growth comes through changes 

in the age-structure, fit this sample the best. However, no evidence of a demographic dividend 

was found because the coefficients were too low to be regarded as dividends. There might be 

several reasons for this lack and one can only speculate on which reason or combination of 

several reasons that is the true one. 

   The demographic dividend theory is based on the experience of Asia. It is possible that the 

transition of SSA is simply naturally slower than Asia’s transition, which would give less 

economic growth than Asia’s faster transition. It is also possible that there are factors that 

slow down the transition in SSA. Examples of such factors include the high mortality rates 

that exist in some places, the HIV/AIDS epidemic, increasingly larger differences between 

rural and urban development, or possibly the mentioned Africa effect, that SSA for some 

reason has lower economic growth than other continents. 

   The study also found support for the conditional convergence theory, and that savings per 

capita is significantly positive for economic growth. The initial level of education was also 

found significant but the average level of education was not significant. The total effect from 

those two variables does not support Crespo Cuaresma et al.’s (2014) contrasting theory. 

Overall, there were many unexpected signs in the results. The probable cause of that is 

multicollinearity, which is supported by the simple correlation coefficients in the correlation 

matrix and by the VIF’s.  

   The subject of the dependency ratio and the age-structure hypothesis is quite a young 

subject, at least in its current form. Therefore, many areas would be interesting for further 

study. One example of such an area is to explore how variables such as the rate of 

urbanisation, the prevalence of HIV/AIDS, and other similar variables affect the dependency 

ratio. Another suggestion is to explore further the economic conditions that have to be met in 

order to gain a demographic dividend. 

   To conclude, a significant relationship between the dependency ratio and GDP per capita 

growth was found, but no evidence of a demographic dividend in SSA. However, these results 

are heavily affected by multicollinearity and are therefore not perceived as fully reliable. It is 

felt that these results should be taken with a grain of salt and not to be depended on. If this 
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experiment were to be redone, experimentation with different regression methods would be 

done with the goal of reducing the effect from the multicollinearity. 
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Appendix 

Appendix 1: Regression Data 

Table 1.1: Averaged values 1985-2010 part 1 

Country gGDP DEPRT DEPRTY lnLAB lnCAP lnPOP lnGDPin 

 
% 

growth 

Dependents/ 

100 

working-age 

population 

Dependents/ 

100 

working-age 

population 

People 

2005 

Local 

currency/ 

worker 

People 
2005 US 

dollars 

Benin 0.68 93.28 87.33 14.84 11.78 15.67 6.18 

Botswana 3.77 76.52 71.44 13.57 9.67 14.30 7.82 

Burundi -0.95 100.68 94.94 14.95 11.10 15.69 5.36 

Cameroon -1.04 95.17 88.49 15.61 12.29 16.51 7.18 

Congo, Rep. -0.48 86.51 79.76 14.02 13.30 14.89 7.66 

Cote d'Ivoire -0.85 85.12 79.83 15.61 11.70 16.50 7.10 

Gabon -0.85 86.43 75.58 13.00 14.57 13.95 8.95 

Gambia, The 0.11 95.50 90.23 13.15 8.04 13.95 6.08 

Ghana 2.32 82.16 76.61 15.88 5.70 16.69 5.84 

Kenya 0.55 94.56 89.27 16.29 9.71 17.18 6.22 

Lesotho 2.74 85.40 77.32 13.56 8.26 14.38 6.08 

Malawi 0.79 95.19 89.47 15.42 9.39 16.19 5.39 

Mali 1.60 98.61 91.59 14.90 12.03 16.10 5.69 

Mauritius 4.24 47.81 39.41 13.16 11.36 13.95 7.70 

Mozambique 3.85 92.58 86.45 15.96 7.82 16.66 4.98 

Namibia 1.09 82.38 76.23 13.36 9.44 14.35 8.02 

Niger -0.19 102.87 97.87 15.07 11.37 16.13 5.73 

Rwanda 2.13 95.56 90.83 15.14 10.63 15.86 5.56 

Senegal 0.51 94.90 88.91 15.23 11.99 16.04 6.56 

Sierra Leone -0.29 85.88 80.90 14.32 12.03 15.28 5.97 

South Africa 0.36 63.01 56.99 16.57 9.49 17.53 8.52 

Sudan 2.29 89.59 83.93 15.90 6.68 17.05 6.01 

Swaziland 2.48 93.33 87.68 12.69 9.17 13.79 7.18 

Togo -0.19 90.83 85.32 14.57 11.13 15.33 6.08 

Uganda 2.73 105.43 100.06 16.12 12.42 16.93 5.22 

Zambia 0.14 95.69 90.31 15.29 13.80 16.06 6.58 

        

 

 

 

 

 

 

 



35 

 

Table 1.2: Averaged values 1985-2010 part 2 

Country EDUin EDU PART SAV PHS2 HMinc 

 Years Years 
% of 15+ 

population 

Current 

US dollars 

per capita 

DEPRT:  

Max before 

2000= 0 

Max after 

2000= 1 

Upper-middle 

income country= 1 

Low/ Lower-

middle income 

country= 0 

Benin 1.71 2.96 72.53 54.33 0 0 

Botswana 5.29 8.00 74.99 1349.95 0 1 

Burundi 1.54 2.38 85.20 12.84 0 0 

Cameroon 3.70 5.08 68.80 134.64 0 0 

Congo, Rep. 4.97 5.56 68.36 178.73 0 0 

Cote d'Ivoire 2.37 3.52 66.89 64.54 0 0 

Gabon 4.30 6.49 60.60 1377.71 0 1 

Gambia, The 1.27 2.52 77.40 56.75 0 0 

Ghana 5.20 6.21 71.52 72.61 0 0 

Kenya 4.13 5.38 69.02 77.21 0 0 

Lesotho 4.64 5.74 71.59 161.68 0 0 

Malawi 2.65 3.55 79.87 23.43 0 0 

Mali 0.78 1.27 53.41 43.69 0 0 

Mauritius 5.86 7.10 59.19 885.46 0 1 

Mozambique 1.17 1.23 84.63 13.13 0 0 

Namibia 5.62 5.95 58.38 713.68 0 1 

Niger 0.83 1.32 61.77 21.70 1 0 

Rwanda 1.88 3.02 86.32 37.29 0 0 

Senegal 2.43 2.20 75.75 69.22 0 0 

Sierra Leone 1.75 2.76 65.05 13.60 0 0 

South Africa 5.11 7.71 54.73 653.01 0 1 

Sudan 1.71 2.59 52.17 97.19 0 0 

Swaziland 5.08 4.61 56.34 272.27 0 0 

Togo 3.42 4.52 78.50 29.29 0 0 

Uganda 2.86 4.22 80.67 41.46 1 0 

Zambia 4.61 5.90 79.85 71.66 1 0 
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Appendix 2: Descriptive Data 

Table 2.1: Descriptive Statistics 

Variables Mean Median Max Min St. Dev 

GDP per capita growth 1.06 0.62 4.24 -1.04 1.56 

Dependency ratio 89.04 92.93 105.43 47.81 11.91 

Young-age dependency ratio 82.95 86.89 100.06 39.41 12.42 

Log of total labour force 14.78 15.01 16.57 12.69 1.11 

Log of capital stock per worker 10.57 11.12 14.57 5.70 2.12 

Log of total population 15.65 15.95 17.53 13.79 1.11 

Initial level of GDP per capita, 1985 6.53 6.13 8.95 4.98 1.05 

Initial level of education, 1985 3.26 3.14 5.86 0.78 1.64 

Average level of education 4.30 4.37 8.00 1.23 1.97 

Participation rate 69.75 70.27 86.32 52.17 10.14 

Savings per capita 251.04 70.44 1377.71 12.84 392.25 

Phase 2 0.12 0.00 1.00 0.00 0.32 

High-Middle income 0.19 0.00 1.00 0.00 0.39 

N= 26      

 

Table 2.2: Correlation Matrix 

  gGDP DEPRT DEPRTY lnLAB lnCAP lnPOP lnGDPin EDUin EDU PART SAV PHS2 HMinc 

gGDP 1.00 
            DEPRT -0.34 1.00 

           DEPRTY -0.32 1.00 1.00 
          lnLAB -0.10 0.25 0.29 1.00 

         lnCAP -0.50 0.14 0.10 -0.13 1.00 
        lnPOP -0.12 0.26 0.29 0.99 -0.13 1.00 

       lnGDPin -0.16 -0.62 -0.65 -0.43 0.29 -0.40 1.00 
      EDUin 0.22 -0.63 -0.63 -0.32 -0.03 -0.33 0.69 1.00 

     EDU 0.16 -0.66 -0.67 -0.24 0.03 -0.26 0.73 0.94 1.00 
    PART 0.01 0.41 0.43 0.20 0.03 0.10 -0.54 -0.25 -0.20 1.00 

   SAV 0.22 -0.61 -0.65 -0.50 0.14 -0.50 0.80 0.59 0.70 -0.34 1.00 
  PHS2 -0.04 0.37 0.38 0.23 0.33 0.23 -0.24 -0.11 -0.09 0.15 -0.19 1.00 

 HMinc 0.21 -0.73 -0.75 -0.37 0.08 -0.37 0.78 0.59 0.68 -0.39 0.93 -0.18 1.00 

Strong correlations (>±0.79) are shown in bold and moderately strong correlations 

(>±0.49<±0.8) are underlined. 

The percentage of values that are above ±0.79 are 6% (5/78= 0.06) (excluding the values that 

show the correlation with itself, e.g. gGDP:gGDP= 1.00). 

The percentage of values that are above ±0.49 are 33% (26/78= 0.33) (excluding the values 
that show the correlation with itself). 
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Table 2.3: R-squared values to VIFs 

Regression a Regression b 

0.946407 
 

 
0.95479 

0.999799 0.999823 

0.519119 0.547299 

0.999799 0.999823 

0.886426 0.894059 

0.921616 0.921231 

0.94219 0.941682 

0.988902 0.990478 

0.928098 0.923672 

0.465731 0.498206 

0.923501 0.920763 

 


