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Executive summary: 

Standards of living and economic growth vary greatly across countries. The objective of this thesis 

is to test whether or not the mean age for women giving birth to their first child affects economic 

growth. Existing literature has already found that variables such as human capital, initial wealth, 

health and fertility have significant effects on differences in GDP growth rates. This thesis 

elaborates on existing literature by testing a new potential explanatory growth variable.  

 

The research question of this thesis is: 

Does the mean age at first birth have an effect on growth in real GDP per capita? 

 

I included 100 countries in cross-sectional analyses, where I controlled for 11 explanatory growth 

variables. The analyses were based on time periods from 1970-2011, as well as smaller time periods 

from 1970-1995 and 1995-2011. Moreover, I also performed regressions on sub-segments of the 

dataset by only including the OECD countries in the analyses.  

 

The estimates of the coefficient for the mean age at first birth were significant for the time periods 

from 1970-2011 and from 1970-1995. The results for these time periods indicated that a one-year 

delay of motherhood have increased growth in real GDP per capita within the range of 0.14% to 

0.39% per year. The results for the period from 1995-2011 did not yield statistically significance for 

the effect of the mean age at first birth on real economic growth.  

 

I conclude that the mean age at first birth did have an impact on real economic growth from 1970-

2011 and from 1970-1995. The conclusion has two important implications: 

1. Policy makers in countries with relatively low mean ages at first birth should consider 

policies that delay motherhood. Such policies could be to improve education, health or the 

use of contraception. 

2. Academics doing studies on economic growth, especially on the effect of fertility, should 

consider controlling for the mean age at first birth in their studies.  

 

It is possible that the positive relationship between the mean age at first birth and economic growth 

was due to direct effect such as the number of hours worked by women. Otherwise, it could be due 

to indirect effects on human capital, fertility, health or gender inequality. 
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1. Introduction: 

Standards of living and economic growth vary greatly across countries and regions of the world. 

The topic of economic growth, also referred to as real GDP (gross domestic product) growth, has 

been studied in order to understand the drivers behind such differences. This area of research is 

important because economic growth is a central aspect of development by itself, and it is also a 

significant factor for other aspects of development such as improved education and health 

(Hanushek and Kimko, 2000). For example, the first objective stated by The Millennium 

Development Goals was  “To eradicate extreme poverty and hunger” (United Nations, 2016). 

Understanding economic growth theory is important for achieving such goals.  

 

The exogenous growth model, proposed by Solow (1956), is a fundamental growth theory. An 

important implication of his theory is that developing countries should grow faster than developed 

countries because they have higher returns on investments. In contrast to this, Romer (1986), Lucas 

(1988) and Rebelo (1991) propose endogenous growth models, which suggest that growth depends 

on policies on investments in human capital and innovation, and subsequent spillover effects. This 

line of theory implies that the developed countries should continue to grow faster than the 

developing countries. In extension to these fundamental theories, Barro (1991) studies the effects of 

specific factors on economic development. For example, factors such as human capital, initial 

wealth, health, inflation, fertility rates and openness to trade have significant effects on economic 

growth.  

 

In this thesis, I test whether or not the mean age at first birth given by women has an effect on the 

growth rate of real GDP per capita. By the mean age at first birth I refer to the age a women has 

when she gives birth to her firstborn child. Thus, I elaborate on the explanatory growth variables 

that have already been identified. Thereby, I improve the knowledge about the drivers behind 

differences in the levels of income and its growth. I performed a cross sectional analysis including 

100 countries. I controlled for other explanatory growth factors that have previously been 

determined by existing literature on the area of economic development. I also performed 

regressions on datasets that only consisted of the OECD countries in order to test if the potential 

effect of the mean age at first birth is limited to certain groups of countries.  
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I found significant results for the time period of 1970-2011, and for the time period from 1970-

1995. The effect of the mean age at first birth on income growth was not statistically significant for 

the time period of 1995-2011. The size of the effects in the regressions showing significance ranged 

from 0.14% to 0.39%. Thus, a one-year delay of motherhood should improve the annual growth rate 

of real GDP per capita by such an amount. I also found that excluding gender inequality from the 

list of control variables improved the significance of the results, and that the positive effect of a 

higher mean age at first birth was present for a sample of all countries as well as the sub-sample of 

OECD countries.  

 

This thesis has two main beneficiaries.  

• Firstly, the findings are important for policy makers because they indicate that policies 

aimed at delaying motherhood could enable an improvement of GDP growth. For example, 

increasing the educational level, health and use of contraception in the population should 

delay fertility timing. Alternatively, policy makers could encourage the delay of parenthood 

through microeconomic incentives.  

• Secondly, the findings are important for existing and future research on the area of 

economic development. I identify a new explanatory growth variable, so other researchers 

should consider controlling for the mean age at first birth when making an economic growth 

model.  

 

The results for the mean age at first birth were not significant in the period of 1995-2011. 

Therefore, I cannot conclude that delaying motherhood will improve GDP growth in all time 

periods or in the future. One potential reason for this takeaway could be that delaying motherhood 

is only beneficial if the mean age at first birth is rather low to begin with. In case people are already 

giving first birth at a late age, delaying parenthood further might not improve economic growth. 

Moreover, it is important to note that this thesis focuses on the economic consequences of delaying 

motherhood. Nonetheless, a higher age at first birth might also influence other aspects, perhaps less 

advantageously. 
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2. Research question: 

The main topic for this thesis is: Does the mean age at first birth have an effect on real economic 

growth? And, if this is the case, how does the mean age of the first birth affect economic growth? 

The implications of the findings should be discussed in extension to this. Thus, the aim of this paper 

is to contribute to the existing literature on explanations for variations in economic growth.  

 

Hypothesis 

The hypothesis of this thesis is that there is a relationship between the mean age at first birth and 

real GDP growth. Thus, the null hypothesis of this thesis is that there is no explanatory relationship 

between the mean age at first birth and GDP growth. I will test if I can reject this null hypothesis. I 

hypothesize that the effect of the mean age at first birth on economic growth is conditional on 

controlling for other important growth factors.  

 

Research question 

Based on the rationale of the thesis and the hypothesis, the research question of this study is: 

• Does the mean age at first birth have an effect on growth in real GDP per capita? 

 

Motivation for research question 

This research question is important because the answer will add valuable knowledge to the existing 

literature about economic growth. Knowledge about the explanatory variables for growth is 

interesting because there are large dispersions between the level of income, and the growth of 

income, throughout the world. More knowledge about the drivers of growth will help identifying 

policy implications that would lead to higher living standards. This is critical to development 

because income growth is an important aspect of development in itself, but it is also important if 

less developed countries should improve other aspects of development such as health, education 

and security. The findings will be interesting in relation to existing literature independent of 

whether the null hypothesis is rejected or not, since this potential explanatory growth variable has 

not been tested yet. 
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3. Literature review and background: 

3.1 Introduction to literature review and background: 

Long-run growth and income per capita are important aspects of development. Some countries are 

doing very well on these parameters, whereas others are lacking behind. This creates a large 

dispersion between the countries of the world in regards to income. This is illustrated in figure 1. It 

shows that there is an enormous difference in income between rich and poor countries, and even 

that there is great dispersion among developing countries such as Vietnam and Burundi. For 

example, Norway’s income per capita is 113 times greater than that of the Central African 

Republic. Based on this income inequality, a lot of researchers are interested with explaining the 

drivers behind differences in income and economic growth. 

 

Figure 1: 2014 USD GDP per capita PPP (purchasing power parity) 

 
Source: Data from World Bank (2016) 

 

The literature begins with an introduction to the two general models of long-run economic growth – 

the exogenous and endogenous growth models. In extension to these models, researchers have tried 

to identify specific factors that influence differences in real economic growth. Hence, I will present 

the most popular explanatory variables. This background knowledge will be important for the 
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methodology part of the paper, since I am testing a new potential explanatory variable. After 

determining the existing literature’s findings on economic growth, I will look into the literature 

about causes and consequences of fertility timing, and motivate why I tested whether this factor 

could have an effect on real GDP growth.  

 

3.2 Economic growth models: 

There are several models regarding determinants of long-term growth. In this paper, I will focus on 

exogenous growth models and endogenous growth models.  

 

Exogenous growth models 

The most noticeable exogenous growth model is the Solow growth model (also known as the 

Solow-Swan model), which builds on a paper by Solow (1956). One of the main points of the 

model is that output per efficient worker, y, is a function of capital per worker, k. Higher capital per 

worker leads to higher productivity. However, it is important to note that there are diminishing 

returns to capital. This implies that the returns on investments in capital decrease as the amount of 

capital per worker increases. The change in capital is positively related to the savings rate because 

higher savings lead to higher investments in capital. On the other hand, capital per worker is 

negatively related to depreciation because this reduces the amount of capital. It is also negatively 

related to population growth. All else equal, a fixed amount of capital divided with an increased 

population leads to lower capital per worker, and therefore lower productivity per worker. Finally, 

change in capital per effective worker is negatively related to technological progress because the 

number of effective workers increases if there is technological progress. This does not mean that 

technological progress is bad, just that capital per effective worker is reduced by higher technology. 

One implication of the exogenous growth model is that there should be conditional beta 

convergence in the world due to higher productivity gains from investments if the initial amount of 

capital is low. Conditional beta convergence means that countries with low initial wealth should 

have higher GDP growth rates than wealthy countries, conditional on holding other factors fixed. 

 

Endogenous growth models 

The endogenous growth models were developed in the 1980s, but they build on previous theory. 

The background for the endogenous growth models was that there had been divergence between 

developed and developing countries (Romer, 1986). This is the opposite of what should be expected 
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by the exogenous growth models. Romer (1986) made an influential model within this area. He 

builds his theory on Arrow’s suggestion of learning by doing and the Ramsey-Cass-Koopmans 

model. Romer assumes that there are increasing returns to capital because investment in capital is a 

natural externality. The idea is that there will be a spillover effect for the surroundings if there is 

investment in one firm. This theory implies that there should be divergence in the world because 

growth in some areas will lead to further growth in those areas. In contrast, the countries without 

growth will be stuck because they have no positive externalities. Lucas (1988) develops another 

endogenous growth model. Specifically, Lucas (1988) looks into human capital, where he argues 

that there are spillover effects. Moreover, Rebelo (1991) proposes an endogenous model where he 

assumes constant returns to capital. He argues that different growth rates are due to different 

policies on income tax (which have a negative effect on growth) and property rights (which are 

necessary for investments). All of these endogenous growth models imply that there should be 

higher growth in the developed countries than in developing parts of the world, which should result 

in divergence. As a response to the endogenous growth models, other researchers have done further 

studies on exogenous growth models. For example Mankiw, Romer and Weil (1992) add human 

capital to the Solow model, which leads to the augmented Solow growth model.  

 

There are also other theories of growth and development such as Rostow’s stages of growth, the 

Harrod-Domar model, structural stage models and fundamentalism, but I will not go through these 

theories in this thesis.  

 

3.3 Explanatory variables for economic growth: 

The exogenous and endogenous growth models argue that economic growth depends on variables 

like capital per worker and technological changes. In this thesis, I will go a bit deeper and study the 

effects of more specific variables. Such explanatory variables are initial wealth, human capital, 

health, inflation, openness to trade, terms of trade, rule of law/democracy, ratios of government 

consumption, investments to GDP and fertility rates among else (Barro, 2003).  

 

Initial Wealth: This is hypothesised to have a negative correlation with growth in GDP per capita 

according to the exogenous growth models (Solow, 1956). The explanation is that there should be 

diminishing returns on investments. Thus, countries that have low levels of capital per worker, and 

consequently low income per worker, should have higher returns on investments than countries 
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with higher income levels. This implies that countries with a low initial level of GDP per capita 

should grow faster than countries with a high level of income. This should result in convergence 

between countries. This form of convergence is labelled beta convergence, which is in contrast to 

sigma convergence where the absolute difference between real income per capita is determined 

(Sala-i-Martin, 1996).  

 The effect of initial wealth on economic growth can be analysed in a simple 

regression where it is the only explanatory variable in the regression equation. This method is used 

to account for unconditional beta convergence. In contrast, conditional beta convergence is 

estimated when you control for other explanatory growth variables in the regression (Sala-i-Martin, 

1996). Much literature finds that there has been conditional beta convergence, but not unconditional 

beta convergence between developing and developed countries (Barro, 2003). Thus, the coefficient 

for initial wealth is expected to be negative in a multivariate regression model. That is, high initial 

wealth should lead to lower economic growth.  

 

Human capital: Theoretically, this variable is the collective stock of knowledge, talents, skills, 

abilities and training that is attributed to the individuals in a population. Human capital should have 

a positive effect on economic growth because it enables workers to absorb knowledge and 

technology that is discovered elsewhere (Barro, 1991). Human capital can be measured in several 

ways. One way is to proxy human capital by the enrolment in primary and secondary school (Barro, 

1991). Other ways would be to look at the quantity of years under education (Barro, 2003). Barro 

(1991) also suggests that human capital can be proxied by the investment flow in education instead 

of looking at the stock, or by measuring the adult literacy rate. However, measures such as these are 

quantitative of nature, and do not take quality of schooling into account. Hanushek and Kimko 

(2000) argue that the quality of schooling and definition of literacy varies a lot across countries. 

Therefore, Hanushek and Kimko (2000) look at international cognitive skill test scores in order to 

measure the quality of human capital. They find that both quantitative and qualitative measures of 

human capital have positive effects on economic growth.  

 

Health: In the field of development economics, health and economic growth are two separate and 

important goals. However, the health of the population is not only a final goal in itself, but also an 

intermediate goal in order to achieve economic growth. Similar to human capital, the level of health 

is also associated with a positive effect on GDP growth per capita, but there are also several ways to 
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measure health (Barro, 2003). Weil (2007) argues that there are several channels of health’s impact 

on income growth. The direct explanation is that health improves workers’ productivity, both 

quantitatively and qualitatively. Furthermore, health improves economic growth due to the indirect 

effects of better schooling and higher returns to education due to longer working lives. Moreover, 

better health might affect pension savings, which improves investments and capital per worker. 

Finally, lower child mortality might also decrease the need for having a lot of children in the long 

run, and lower fertility leads to higher economic growth, as shown later in this paper. 

 

Weil (2007) uses various measures of health – adult height, adult survival rates and age of 

menarche.  Other researchers use life expectancy as a proxy for health (Barro, 2003). Overall, it has 

been found that health is positively related to economic growth.  

 

Inflation: Increases in prices should theoretically not be important for the real economy due to the 

classical dichotomy. However, there might be some menu costs that could arise from high and 

unstable inflation. Moreover, a low and predictable inflation could add stability to the economy, 

which suggests that price levels can have an implication for the real growth rates of an economy. 

Furthermore, high and unstable inflation could have a negative effect on investments, which would 

lead to lower economic growth (Barro, 1995). When testing the relationship between inflation and 

economic growth, it has been found that inflation has a significant negative effect on real economic 

growth if the inflation is above a certain cut-off (Barro, 1995). If the inflation is below the cut-off, it 

is still estimated that inflation has a negative effect on GDP growth, but the effect becomes 

insignificant. However, there is an issue of causation because inflation is an endogenous variable. 

For example, the relationship between economic growth and inflation might be explained by low 

economic growth leading to high inflation if the government or central bank wants to conduct an 

expansive monetary policy as a response to low GDP growth. Barro (1995) takes this into account 

by using central bank independence as an instrument for inflation. Notwithstanding, Barro (1995) 

finds no significant relationship between inflation and central bank independence. This finding is in 

contrast to other studies on the area such as Alesina and Summers (1993) who find a clear negative 

relationship between inflation and central bank independence. Other potential instruments could be 

lagged inflation or to look at which European country that governed the country as a colony.  Barro 

(1995) concludes that the causational link is that high long-term inflation leads to lower economic 
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growth. The estimation is that a 10 percentage points increase in average inflation leads to 0.2-0.3 

percentage points lower growth in real GDP per capita per year.  

 

Openness to trade: Many academics have studied the gains from trade. The classical models 

(Ricardian model), neo-classical model (Heckscher-Ohlin) model and New Trade Theory 

(Krugman) generally find that there are overall gains from trade for a given country. However, 

some people, some firms or some industries might be worse off in some of the models. 

Nonetheless, openness to trade should lead to higher growth in real GDP per capita. Openness to 

trade is defined as the sum of exports and imports, divided by total GDP. The theoretical arguments 

are that workers will be more productive if they focus on producing goods where they have a 

comparative advantage, abundance of the resource endowments needed intensively for production, 

or if they gain from economies of scale. Empirically, it has been found that there exists a positive 

relationship between openness to trade and economic growth (Barro, 2003). 

 

Terms of trade: The definition of terms of trade (TOT) is the price level of exports divided by the 

price levels of imports. This variable can also be adjusted to the change in terms of trade, which can 

then be multiplied with the openness to trade variable in a growth model (Barro, 2003). This 

variable should be included in a growth model because a country’s economic growth might be 

positively related to an increase in prices of exports, and negatively related to an increase in the 

price of imports. For example, a banana exporting country would benefit, all else equal, from a 

higher price on bananas. Analogously, an oil importing country might be negatively affected by an 

increase in the oil price. Empirically, this variable has been shown to have a significantly positive 

effect on economic growth (Barro, 2003).  

 

Rule of law and democracy: In the literature on economic growth, variables such as rule of law, 

democracy and freedom have been seen as some of the explanatory variables for real GDP growth. 

They can be measured in various ways. Examples of ways to estimate them are to look at the 

number of revolutions, coups, political assassinations, property rights or civil liberties. The results 

show that economic growth is positively related to freedom rights, property rights and democracy 

(Barro, 2003; Knack and Keefer, 1995). Property rights are suggested to increase real GDP growth 

because they have a positive effect on incentives to invest. Moreover, they can even increase 

economic growth when investments are controlled for (Knack and Keefer, 1995). Democracy and 
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freedom are explained to have positive effects on growth because they are positively correlated to 

stability and negatively related to corruption (Knack and Keefer, 1995). 

 

Government consumption’s share of GDP: Macroeconomic theory is ambiguous in regards to 

whether government consumption is positively or negative related to growth in real GDP per capita, 

because it depends on the time frame. In the short run, government consumption is positively 

related to GDP due to a direct effect on national income, which should increase private 

consumption, which increases GDP further and so on. In contrast, theory says that real GDP growth 

should be negatively related to the government consumption in the very long run because it crowds 

out investment. The reduction in investment will then have a negative effect on productivity 

growth. This theory is supported empirically by Barro (1991), who finds that government 

consumption as a share of GDP is negatively related to real GDP growth.   

 

Investment’s share of GDP: Both the exogenous and endogenous growth models argue that 

investments are positively related to the growth rate of real GDP per capita. In the Solow growth 

model, savings/investments are exogenously determined, and the growth rate, y, will be affected by 

changes in the savings/investments (Solow, 1956). In the endogenous growth models, the 

investment ratios are also affected by a change in productivity (Rebelo, 1991). For example, if there 

is a positive exogenous shock to productivity, the investments ratio will increase, which will 

increase real GDP per capita further. However, Barro (1991) finds that there is a significant 

negative relationship between investment ratios and GDP levels (but a positive relation between 

investments and GDP growth). This finding supports the exogenous growth models because it 

implies that high-income countries have lower returns on investments than low-income countries. 

Moreover, Barro (1991) also finds that the level of human capital in the population is positively 

correlated to investment ratios. One possible explanation for this could be that there are higher 

returns on investments when the population is higher educated or have more skills than if it has a 

low level of human capital.  

 

Fertility rates: If fertility is high, the population will grow faster, all else equal. As the population 

grows, there will be less capital per worker, which should decrease real economic growth per 

capita, theoretically. However, it is important to keep in mind that child mortality also plays an 

important role for population growth. Thus, the net effect of childbirths on the population will be 
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fertility*(1-child mortality) (Barro, 1991). Fertility is negatively correlated to human capital (Barro 

and Becker, 1989). Birth rates are also reduced by higher productivity because higher productivity 

increases parents’ opportunity cost for taking care of children (Barro, 1991). Therefore, countries 

with a high real GDP per capita tend to have low fertility rates.  

 

Other explanatory variables for real GDP growth: The variables mentioned above have all been 

proven to have important explanatory power for real income growth. Furthermore, many other 

variables have also been studied in order to elaborate on additional factors that could explain why 

some countries grow faster than others. Examples of other variables that are negatively related to 

GDP growth are:  

• Political instability measured by the number of political assassinations (Barro, 1991). 

• Tropical diseases due to the climate (Naudé, 2004). 

• Ethnolinguistic and religious fractionalization (Alesina et al., 2003). 

• Degree of religious belief (Barro and McCleary, 2003). 

• Being a socialist state (Barro, 1991). 

• Civil war in a country or in a neighbour country (Murdoch and Sandler, 2004). 

• Being a landlocked country (Naudé, 2004). 

• Gender inequality (Amin, Kuntchev and Schmidt, 2015). 

• Being a Sub-Saharan African or Latin American country (Barro, 1991). 

 

Other examples of factors that are positively related to economic growth: 

• Urban agglomeration (Naudé, 2004). 

• Internet access (Jiménez, Matus and Martinez, 2014). 

 

Conclusively, there has been made a lot of research on the area of economic growth, and the effect 

of a lot of variables have been tested. The aim of this paper is to elaborate on the existing studies in 

the area by testing the potential impact of the mean age of mothers when having the first child on 

growth in real GDP per capita.  

 

3.4 Literature on fertility timing: 

It is unknown if or how the mean age of women when they give birth to their first child is correlated 

with GDP growth. Nonetheless, there are some studies about how the age of motherhood affects 
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other dependent variables such as wages and career earnings (Miller, 2011). In this section, I will 

motivate the aim of testing whether there should be a significant relationship between women’s age 

at first birth and real GDP growth per capita. And if so, in what direction should the effect be 

hypothesised to affect income growth. Overall, there could be both direct and indirect effects 

between mean age at first birth and real GDP growth. The overview of the relationship between 

these parameters is illustrated in figure 2: 

 

Figure 2: Channels of women’s age at first birth’s impact on economic growth 

 

 

 

 

 

 

 

 

 

 

 

Direct effects:  

The potential link between age of motherhood and macroeconomic growth has not yet been tested, 

but it has been found that delaying motherhood has a positive effect on salaries and careers due to 

forgone wages and human capital (Miller, 2011). Thus, it has been established that there is a 

microeconomic relationship between age of motherhood and salary growth. Miller (2011) tests the 

causal link by including three instruments for motherhood delay. These are whether pregnancies 

ended in miscarriages, whether the first pregnancy occurred while the parents were using 

contraception and the time passed from first attempt to get pregnant until the women got pregnant 

for the first time. Other important explanatory variables for wages and careers, such as education, 

ability tests, and experiences among else, are also controlled for. Based on this, Miller (2011) 

concludes that fertility delay causes gains for careers paths, and not just that these variables are 

correlated. The explanations for this finding are that giving birth involves forgone wages and 
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forgone improvements of human capital. Therefore, women would gain from delaying their first 

birth. This is illustrated in figure 3. 

 

Figure 3: Wage rate and fertility timing 

 
Note to figure: Source: Miller (2011). A1B refers to the age at first birth 

 

The intuition behind the figure is that human capital is accumulated over time, which results in 

higher wages for women. The vertical axis is the wage rate, but it is not clear whether this is the 

hourly wage rate, or how it is measured. Moreover, women get paid maternity leave in some 

countries, so the wage rate should not necessarily be zero during the maternity leave. Therefore, the 

figure should be interpreted as an illustrative explanation of the case when there is a reduction in the 

return to work experience after giving birth. In this case, figure 3 shows that women’s terminal 

salary will be highest if she has no children (the dotted line). Moreover, the age at first birth (A1B) 

also seems to be positively correlated to the terminal salary. Miller (2011) argues that women enter 

the “mommy track” when they give birth to their first child, resulting in a flatter wage rate 

development. Hence, delaying this event will increase the investments in human capital, which 

leads to a higher salary in both the short and the long run. Besides the salary, fertility timing is also 

positively related to hours worked. Furthermore, Miller (2011) suggests that the fertility timing is 

more important for women with good careers than for women with less prominent careers.  Finally, 

since there is a direct causal link between motherhood delays on both hours worked and wage, it 
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could be hypothesised that fertility timing might also affect growth in real income per capita on a 

macroeconomic level.  

 

Motherhood delay and human capital: 

Fertility timing can have an effect on human capital through two channels – through an effect on the 

mother, and through an effect on the child. Hwang and Ha Lee (2014) find a positive correlation 

between education and fertility timing. They measure education as enrolment in secondary and 

tertiary schools. However, the causal relationship between fertility timing and education is not 

determined. Thus, it is both possible that higher education leads to delay of motherhood, and that 

delay of motherhood leads to longer educations for women.  

 

Miller (2009) tests whether motherhood delays affect the human capital of children. She uses data 

from the Peabody Individual Achievement Test (PIAT) in the US as a measure for cognitive ability, 

which is argued to be a measure of human capital. The human capital of the mother is controlled for 

because it is important for the human capital of the child. Moreover, the causal relationship is 

determined by using instrumental variables for fertility timing. Thus, Miller (2009) argues that 

motherhood delay causes the human capital for the child to increase whilst controlling for the 

mother’s level of human capital.  

 

Since there is established a positive relationship between fertility timing and human capital, it could 

be hypothesised that motherhood delay might have an indirect increasing effect on real GDP growth 

through this channel.  

 

Motherhood delay and fertility: 

Besides testing for fertility timing’s relationship with education, Hwang and Ha Lee (2014) also test 

the correlation between fertility timing and fertility rates. They find that there is a significant 

negative relationship between these two variables. In extension to this, Gustafsson (2001) also looks 

into the determinants of fertility rates along with the considerations for the optimal age at maternity. 

She finds that the fertility timing is the most important explanation for the fall in total fertility rates 

in European countries. Other factors affecting fertility rates could be forgone wages by having 

children, the time available for each child and the individualization of women (Gustafsson, 2001).  
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Fecundity is one explanation for the negative relationship between fertility timing and fertility rates. 

Gustafsson (2001) suggests that 50% of women between 30 and 40 years of age have issues with 

infertility.  

 

Conclusively, it could be hypothesised that motherhood delay will have a positive effect on real 

GDP growth through an intermediate effect on fertility. 

 

Delay of motherhood and health: 

Fertility timing’s effect on health is not as straightforward as on other variables, because health 

consists of many aspects. Moreover, delayed motherhood might be beneficial for health in some 

aspects, while it might be negative in other aspects. Mirowsky (2002) argues that some health issues 

such as anemia, lung diseases, eclampsia and renal diseases are more prevalent for young mothers 

with an age under 20 than for older mothers. On the other hand, there might also be some health 

issues with getting children at an age above a certain threshold. For example, eclampsia is an issue 

for mothers under 20, but mothers above 40 have the highest risk (Mirowsky, 2002). There is also a 

higher risk for some diseases such as breast cancer when women give first birth at a delayed age. 

Thus, the literature on the topic shows that it is best for a woman’s health to give birth to her first 

child when she is between 20 and 35 years old (Mirowsky, 2002). Mirowsky (2002) concludes that 

the optimal age of first birth for women is 30.5 years. This is illustrated in figure 4. 

 

Figure 4: the relationship of health to parenthood age at first birth for men and women 

 
Source: Mirowsky (2002) 
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The data is collected from telephone interviews, and is based on perceived health, which does not 

necessarily reflect the actual health. In the study, Mirowsky (2002) also controls for other important 

variables for health. However, the results do not prove that the model in figure 4 is true, and the fact 

that the chances of getting pregnant is decreasing with age is not accounted for in this article.  

 

Alonzo (2002) has a more sceptical view on delaying motherhood with respect to the effect on 

health. He finds that delaying maternity beyond the age of 35 will have various negative 

consequences for lifetime health of both the mother and the child. However, he also acknowledges 

that there might also be increased risks of giving birth when the mother is too young. Moreover, he 

focuses on people who give birth above the age of 35, but no country has a mean age of first birth 

of more than 31 (see appendix 1). Nonetheless, the mean age at first birth does not take variance 

into account. That is, some segments of the population might have an age above 35 at first birth 

even though the average for the whole country is lower. 

 

Finally, the effect of fertility timing on health is ambiguous because there are increased risk factors 

when parents are either too young or too old. Mirowsky (2002) argues that the pivotal age is 21.8 

years. In other words, Mirowsky (2002) argues that it is important for the health of a woman that 

she does not give birth before she is 21.8 years old. Thus, whether motherhood delay is 

hypothesised to have a positive or negative effect on GDP growth depends on the existing mean age 

of first birth and its variance.  

 

Delay of motherhood and gender inequality: 

It has been found that gender inequality is negatively related to real income growth (Amin et al., 

2015). This relationship is particularly strong for low-income countries, so they will gain the most 

income growth by reducing the gender gap. Amin et al. (2015) use the gender inequality index 

(GII), which is a broadly based index, so it does not only take educational gender gaps into 

consideration. 

 

Since the relationship between gender inequality and real GDP growth has now been established, it 

is also important to look into the correlation between fertility timing and gender inequality. Fuchs 

(1989) studied this relationship. He finds that fertility delay has a negative impact on gender 
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inequality. However, this is in relation to gender gaps in wages, not a broad index of gender 

inequality. Another source of gender gaps could be marriage, since unmarried women earn more 

than married women (Fuchs, 1989). In contrast to this finding, Caucutt, Guner and Knowles (2002) 

argue that the causal relationship is reversed. That is, gender inequality in wages is one of the three 

main explanations for fertility delay. The other two explanations are gains from marriage and 

returns to experience.  

 

Conclusively, the literature on the topic argues that there is a negative relationship between gender 

inequality and economic growth. Moreover, Fuchs (1989) argues that fertility delay is correlated 

with lower gender inequality. Based on this, it could be hypothesised that there is a negative 

relationship between fertility delay and economic growth through an intermediate effect on gender 

inequality. On the other hand, Caucutt et al. (2002) argue that gender inequality causes fertility 

delay. This finding goes against the hypothesis that fertility delay should be correlated to economic 

growth through the channel of gender inequality. Therefore, this issue should be tested empirically.    

 

Determinants of the timing of motherhood: 

Walker (1995) introduced at model to explain the economic reason for having a child at time t+1 

instead of time t. One of the advantages of having children early in life is that people will get more 

time to enjoy grandchildren. On the other hand, the relative direct costs of having a child is 

decreasing during the life of an adult because people usually earns more money later in life, but the 

price of having children does not increase proportionally. In other words, the money spent on things 

like clothes, food and housing for the child will not increase proportionally to the salary increases 

for working people. Moreover, there is also a forgone return on human capital when having a child 

early (Walker, 1995). Based on this, Walker (1995) concludes that the “shadow price of giving 

birth” is determined by these factors.  
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4. Methodology 

4.1 Introduction to methodology: 

This methodology section first describes the overall setup of the regression model. This was a cross 

sectional study, so I have used the ordinary least squares (OLS) model. I briefly explain the 

assumptions of this model. Then, I will explain which data I used, how I collected it, and how I 

measured each variable. The dependent variable and the test variable were based on the research 

question of this paper. The choice of control variables was determined on the basis of the literature 

review and background on the topic.  

 

After describing the data, I will go through the analysis I made of the data in order to see if my 

model was appropriate. This included looking at multicollinearity and variance inflated factor 

(VIF), testing for heteroskedasticity, and testing for non-linearity. This analysis was based on the 

entire dataset. I finalised the methodology with an analysis of the data diagnostics of the sub-

samples of data. 

 

4.2 Regression model specification: 

I have done a cross section analysis in order to test if the mean age of first birth has had an effect on 

economic growth. This methodology has been used by other academics in the field (Barro, 2003; 

Amin et al., 2015; Weil, 2007). This method was also appropriate due to the type of data available 

since I did not have data on all the variables for each year. I have considered a number of OLS 

regressions. First, I considered a simple regression to see if there was a correlation. Then, I 

controlled for the 11 other explanatory growth variables that I described in the literature review. 

Moreover, I made several regressions in order to take changes over time into account. I did this 

because the mean age of first birth is a variable that evolves over time. Moreover, others have found 

that some growth factors are more present within certain clubs of countries instead of samples of 

the whole world (Canova, 2004; Mankiw et al., 1992). Therefore, I also made regressions where I 

only included the OECD countries. 

 

It was beneficial to use as many observations as possible because this reduces the variance. 

However, I was limited by the availability of data. That is, not all countries had data going back to 

the year of 1970. Following this, I used different samples of countries in the regressions. Figure 5 

illustrates an overview of the regressions I made.  
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Figure 5: Overview of regressions in this study 

 
The equation for the simple regressions was defined as:  

 

(1) GDP_growthi = β0 + β1 Age1bi + ui for n observations 𝐺𝐷𝑃_𝑔𝑟𝑜𝑤𝑡ℎ! ,𝐴𝑔𝑒1𝑏! !!!
! , where 

GDP_growth is the annual growth in real GDP per capita, Age1b is the mean age at first 

birth and u is the error term. 

 

β0 is the intercept, and β1 is the coefficient for the explanatory variable. 

 

The simple regression showed whether or not there was a correlation between economic growth and 

the potential explanatory variable. However, a significant result would not necessarily mean that the 

average age at first birth had an effect on GDP growth because there are other variables that affect 

growth, so the effect was not ceteris paribus. In other words, I needed to hold all other relevant 

factors fixed (Wooldridge, 2010). Omitting relevant variables could lead to a spurious relationship. 

Therefore, I also constructed multiple regressions where I controlled for other growth variables. The 

equation for the multiple regressions was defined as: 

 

(2) GDP_growthi = β0 + β1 Age1bi + β2 Initial_wealthi + β3 Human_capitali + β4 Fertilityi + β5 

Opennessi + β6 ΔTOTi + β7 Inflationi + β8 GIIi + β9 Healthi + β10 Investmentsi + β11 

Government_consumptioni + β12 Democracyi + ui for n observations 𝑦! ,𝑋! !!!
! , where 
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initial_wealth was the log of GDP in the first year, Human_capital was a measure of human 

capital, Fertility was the fertility rate, Openness referred to openness to trade, ΔTOT was the 

change in terms of trade, inflation was average inflation, GII was the gender inequality 

index, Health was a measure for health, Investments was the investments share of GDP, 

Government_consumption was the government consumption’s share of GDP and 

Democracy was a measure for the level of democracy.  

 

This equation adds 11 control variables to the simple regression from equation 1, so I end up with 

12 explanatory variables in the equation.  

 

As mentioned in the background section, there have been identified further explanatory variables 

for growth than the ones included in this regression setup. The benefit of including more control 

variables to the equation would be to increase the explanation power of the model. In other words, 

more parameters would increase the R2. This is useful because it would have reduced the number of 

omitted variables from the model. Therefore, the estimated effect of the mean age at first birth on 

real GDP growth would be based on a regression where more variables were held fixed. However, 

increasing the number of variables also would have decreased the degrees of freedom, and 

increased the variance. Expanding the number of observations in the analysis could have offset this 

effect, but there were only a limited number of countries in the world. Thus, there was a trade-off 

and natural limitation of how many variables to include. Notwithstanding, having omitted variables 

would theoretically make the OLS estimate biased. However, in accordance with existing literature 

on the topic (Knack and Keefer, 1995), I have not abandoned the OLS model due to this potential 

issue. If I had not used the OLS model, I could have used other methods such as fixed effects.  

 

I decided to use these particular control variables because they have been found to be important for 

economic growth by Barro (2003), and other researchers are also using these variables as control 

variables when testing a new potential explanatory variable (Amin et al., 2015; Knack and Keefer, 

1995). The only exception was gender inequality, which is not usually controlled for in growth 

equations. However, I think that this variable was important in regards to this specific topic because 

it could result in a spurious relationship between mean age at first birth and economic growth if I 

omitted it. This was based on the findings in my literature review about the correlations between 

gender inequality and growth, and the correlation between gender inequality and fertility timing.  
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4.3 Assumptions of OLS regression:  

1) The first assumption for a classical linear model in a cross sectional study was that the model 

should be linear in parameters. This was indeed the case with the model I proposed in the former 

section. 

 

2) The assumption of random sampling was the second assumption necessary. This issue will be 

discussed in section 4.4 about the data and in section 7.2 about limitations.  

 

3) Thirdly, I assumed no perfect collinearity. That is, none if the explanatory variables should be 

constant or perfectly correlated with each other. This issue will be analysed in the section of data 

diagnostics (4.8).  

 

4) The expected value of the error term should be 0, conditional on the values of the independent 

variables. Moreover, I also assumed that the error term was independent and identically distributed 

with a normal distribution of residuals. These assumptions are also investigated in the section on 

data diagnostics.  

 

5) Finally, I assumed homoscedasticity. That is, the variance should be constant, and not depend on 

the values of the independent variables. This assumption was not important for unbiasedness, but 

was necessary for the estimator to have the lowest variance.  

 

4.4 Data section: 

The data needed for this study included the dependent variable (real GDP growth per capita), the 

test variable (mean age of mothers at first birth) and several control variables. These control 

variables were based on the background and literature review. Except for gender inequality, these 

variables are commonly seen as the important explanatory variables for economic growth (Barro, 

2003; Amin et al., 2015), so they should be controlled for in order to determine the relationship 

between fertility timing and real GDP growth. If I only made a simple regression between mean age 

of mothers’ first birth and economic growth, I would not be able to conclude on the relationship 

between the variables because there might be spurious relationships with other variables. In 

addition to Barro’s standard variables to control for, I also included gender inequality as another 
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control variable. This was based on the findings in the literature review, since Fuchs (1989) finds a 

negative correlation between gender inequality and fertility timing, whilst Amin et al. (2015) 

conclude that gender inequality is correlated with lower economic growth. Overall, I characterized 

this form of data as non-experimental or observational data. Next, I will describe how I have 

measured each variable, and where the data was collected. 

 

Sample of countries: 

The dataset consisted of all countries in the world that had the necessary data needed for the 

regressions. This excluded some countries such as Angola and Afghanistan due to their lack of data. 

Moreover, I chose to exclude countries such as Botswana and the Maldives with a population of 

less than one million people, and countries such as Jordan and Yemen that were very dependent on 

oil exports. This was because the explanation of economic growth in these countries could be very 

volatile if they were very small, or too dependent on the price of oil. This is consistent with the 

methodology of other researchers on the area of economic growth (Mankiw et al., 1992). This left 

me with 100 countries, where all continents except for Antarctica were represented. This data is in 

appendix 1. In relation to assumption number 2 about the OLS regression, it could be argued that 

the sample of countries was random because I used all the countries with data availability, except 

for those with that are too small or are oil dependent. However, there might have been a potential 

selection bias because the countries with missing data were left out (discussed in section 7.2).  

 

Since the mean age of women’s first birth changes over time, I also conducted regressions at 

different time periods. There were fewer observations for these regressions because it was not all 

countries that have data at these time periods. 

 

The data was from 1970 to 2011. A lot of the data was collected from the Penn World Table version 

8.1 (Feenstra, Inklaar and Timmer, 2015). Next, I will go through the data collection and 

measurement for each of the variables included in the study. I will begin with the dependent 

variable, followed by the test variable from the research question. After this, I will go through all 

the 11 control variables.  
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4.5 Dependent variable: 

Real GDP growth per capita: 

I needed data on real GDP in order to determine the dependent variable. It was collected from the 

Penn World Table (PWT). I calculated the GDP per capita by dividing total real GDP with the size 

of the population. The real GDP was measured in constant 2005 national prices, and was denoted in 

million USD (Feenstra et al., 2015). Then, I calculated the growth rate by the standard formula for 

the compounded annual growth rate (CAGR): 𝐶𝐴𝐺𝑅 = (!"#$%  !"#$  !"#$%
!"#$%  !"#$  !"#$%

)
!

#!"#$% − 1. The data is 

summarized in table 1. 

 

Table 1: Summary of the dependent variable 

 
The table shows that the average real GDP growth per capita was 1.5% per year, and the range was 

from -2.7% to 6.1%. The distribution is illustrated in figure 6. 

 

Figure 6: Histogram of real GDP growth per capita per year 

 
 

The figure shows that most countries had 1%-3% annual real economic growth, and that the data 

was rather normally distributed. 
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4.6 Test variable: 

Mean age at first birth: 

This was the explanatory variable for economic growth that I wanted to test in this thesis. The data 

on fertility timing was collected from the World Fertility Report (2012). In this report, all countries 

in the world are represented, but it is not all of them that have data on the mean age at first birth. 

The data was collected from three periods, early period (1970-1989), middle period (1990-1999) 

and late period (2000-2010). The summary of the data in the latest period is illustrated in table 2. 

 

Table 2: Summary of mean age at first birth, all countries in the study, latest data 

 
Source: Data collected from World Fertility Report (2012). Age_1_birth refers to the mean age at first birth. 

 

The table only includes data on the 100 countries that I included in the study. There were less 

countries with data from the earlier periods. The table shows that the range of mean age at first birth 

was from 18 years, which was the case in Niger, to 30.5 years, which was in Australia. The 

distribution is illustrated in figure 7, where Age_1_birth refers to the mean age at first birth. 

 

Figure 7: Histogram of mean age at first birth, all countries in the study, latest data 

 
Source: Data collected from World Fertility Report (2012). Age_1_birth refers to the mean age at first birth 
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Based on figure 7, it seems that there was a pretty even distribution, perhaps with a slight skew to 

the right. However, the data was not normally distributed. Since there was the smallest density 

around the middle observations where the mean age of first birth was in the mid-twenties, it could 

be argued that there was a small sign of polarization. In other words, most countries either had 

relatively late fertility timing (in the developed countries) or very early fertility timing (in the 

developing countries), but there were not as many countries in between. 

 

This variable could be included in the regression in different ways. I chose to measure it as the 

mean age at first birth in a specific year. Alternatively, I could have measured it as the average 

during a period. Another methodology would be to measure the variable as the change over a period 

of time. For example, if I tested the variable’s effect on growth from 1970-1995, I could have 

measured the variable as the change in mean age of first birth from 1970 to 1995. Thereby, I would 

have tested the effect of a change in the variable on economic growth. However, this method would 

require more data than if I measured the variable at a given point of time, which would reduce the 

number of observations included in the regression.  

 

4.7 Control variables: 

1) Initial_wealth: 

Initial wealth was an important variable to control for because it has been proven to have a 

significant conditional negative effect on growth (Barro, 2003). It was measured as the log of real 

GDP per capita in the first year of the studied period. One advantage of measuring this variable as 

the log of initial GDP is that the distribution was closer to normal distribution. Alternatively, the 

distribution would have been very skewed to the right if I had used the absolute real GDP per 

capita. This is illustrated in figure 8. Moreover, the interpretation of the results was also more 

intuitive when I used the log of initial GDP because the coefficient in the regression result 

estimated how a one per cent change in initial wealth effected GDP growth. The data for this 

control variable was collected from the PWT (Feenstra et al., 2015).  
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Figure 8: Histogram of initial wealth 

                              
Source: Data collected from Penn World Table (Feenstra et al., 2015) 

 

2) Human_capital: 

The data on human capital was also collected from the Penn World Table (Feenstra et al., 2015). It 

was determined in an index based on two components. The first component was a measure of 

education quantity. It was based on the number of years of schooling for each country, which has 

been studied by Barro and Lee (2013). However, the quantity of years in school was not enough to 

determine human capital properly. It was also necessary to consider the quality of education. This 

could be done in several ways. One possibility was to look at teacher/student ratios, spending on 

school or the background of the teachers. In the PWT, Feenstra et al. (2015) use an article by 

Psacharopoulos (1994). In this article, the quality of education is determined by the returns on 

investment in education. The intuition is that the quality of education must be high if there is a high 

return on education. On the other hand, if schooling does not increase productivity for students, the 

quality must be rather low. Thus, the human capital index in the PWT takes both quantity and 

quality of education into account. 

 

3) Health: 

Health can be measured in different ways. I chose to measure this variable based on life expectancy 

at birth in accordance with existing literature (Barro, 2003). The life expectancy at birth was 

defined as the expected number of years an infant would live if prevailing patterns of mortality at 

the time of its birth were to stay the same during its life (World Bank, 2016). However, I did not use 

the inverse of life expectancy, as Barro (2003) does, because I think that the interpretation of the 

coefficient should be that I expected economic growth to be positively related to the health variable. 

The data on life expectancy was collected from the World Bank (2016). I chose to use the life 

0
5.
0e
-0
5

1.
0e
-0
4

1.
5e
-0
4

2.
0e
-0
4

D
en
si
ty

0 10000 20000 30000
GDP_1970

0
.2

.4
.6

.8
1

D
en
si
ty

2.5 3 3.5 4 4.5
Initial_wealth

log	  



Gorm	  Grønborg-‐Forsingdal	  
How	  the	  Mean	  Age	  at	  First	  Birth	  Affects	  Economic	  Growth	  

Page	  31	  of	  80	  

expectancy of the initial year of the period as input to the regressions. Thereby, I controlled for the 

initial level of health, not the change of health during the period.  

 

4) Inflation: 

Data on inflation was collected from the World Bank (2016). In this study, I measured it as the 

average inflation over the period of each regression. Alternatively, I could have looked at the 

compounded annual growth rate (CAGR) of the price levels from the beginning of the period to the 

end of the period. In other words, I used the arithmetic mean of inflation. For most countries, this 

was a low number around 2-10%, but some countries experienced hyperinflation. For example, the 

average inflation in the Democratic Republic of Congo was 960% for the period 1970-2011 (see 

appendix 1).  

 

5) Openness: 

Openness to trade measured how much trade a country had with other countries. It was measured by 

the equation: 𝑂𝑝𝑒𝑛𝑛𝑒𝑠𝑠 = !"#$%&'!!"#$%&'
!"#$%  !"#

. I calculated this number for each year and then took the 

arithmetic mean for the period. Some countries had a value of openness to trade above 100%, which 

might seem counter intuitive. However, some countries imported some products, which were then 

exported again at a later point of time. Thus, countries such as Singapore and Hong Kong scored 

very high on openness to trade (314% and 201%). This data was collected from the Penn World 

Table (Feenstra et al., 2015). 

 

6) ΔTOT: 

With regards to terms of trade (TOT), I chose to measure this variable as the change in terms of 

trade during the period, multiplied with the openness to trade. Therefore, I used the formula 

𝛥𝑇𝑂𝑇 = [( !"#$"%  !"!
!"#$%%$%#  !"!

)
!

#!"#$% − 1] ∗ 𝑂𝑝𝑒𝑛𝑛𝑒𝑠𝑠  𝑡𝑜  𝑡𝑟𝑎𝑑𝑒. I did not take the average in order to 

determine this variable because the effect of TOT on economic growth was related to its change, 

not its absolute value. In other words, a country’s level of GDP was explained by its terms of trade 

among else, but its growth was explained by the change in terms of trade. Moreover, it was 

important to take the openness to trade into account when investigating the effect of terms of trade, 

which is why I multiplied the annual growth rate of TOT with the openness to trade. For example, a 

closed economy would not be affected by a change in its terms of trade because its economy was 



Gorm	  Grønborg-‐Forsingdal	  
How	  the	  Mean	  Age	  at	  First	  Birth	  Affects	  Economic	  Growth	  

Page	  32	  of	  80	  

not dependent on trade. On the other hand, a country such as Singapore that was very dependant on 

trade would be strongly affected by a change in its terms of trade. The data on price levels of 

imports and exports was collected from the Penn World Table (Feenstra et al., 2015). 

 

7) Democracy: 

Rule of law or democracy was a less objective variable than the other variables included in this 

study. It could be measured in several ways by using different indices. I chose to use the index from 

Freedom House (2016), which has been used by other researchers (Barro, 2003), and it contained 

data on all the countries in the thesis. Each country in the report has been assessed on 25 topics, and 

given a value of 0-4 for each topic.  Each country was assigned a final value between 0 and 100, 

where a score of 100 yields the highest degree of democracy. The total score is the aggregate of the 

25 topics.  

 

This measure represented democracy more than it represented rule of law. I did not include both 

measurements because it might have led to issues of multicollinearity. However, the trend that 

developed countries tended to be given high scores, while developing countries tended to get a low 

score would be similar for both indexes of rule of law and democracy. Notwithstanding, a country 

such as Singapore would score high on rule of law because it has strong institutions, whereas it 

received a medium score (51) on the democracy index.  

 

8) Government_consumption: 

The variable of government consumption was measured as a percentage of total GDP. That is, GDP 

consisted of government consumption, investments, private consumption and net exports. The share 

of government consumption changed over time, so I chose to take the average share of government 

consumption over the period. The data for this variable was collected from the Penn World Table 

(Feenstra et al., 2015).  

 

9) Investments: 

The investment ratio was measured in the same way as government consumption – as its share of 

GDP. Again, I used the average investment ratio over the time period in the regressions. This data 

was also collected from the Penn World Table (Feenstra et al., 2015).  
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10) Fertility: 

Fertility was measured as the number of children born by women on average. This variable was 

determined by its value in the first year of the period of the regression. The data was collected from 

the World Fertility Report (2012). As with the mean age of first birth, there was data from the early 

period (1970-1989), middle period (1990-1999) and late period (2000-2010). 

 

11) GII (Gender Inequality Index): 

Similar to the democracy/rule of law variable, gender inequality was measured by an index. I chose 

to use the Gender Inequality Index (GII) from the United Nations Development Program (Human 

Development Report, 2015). This index is also used by other studies about the effect of gender 

inequality (Amin et al., 2015). Overall, the GII took three aspects into account. These are 

reproductive health, empowerment and the labour market. Within these dimension, there were 

indicators such as adolescent birth rates, women’s share of seats in parliament and labour 

participation.  Based on this, an index with values between 0 and 1 was constructed. A higher value 

indicated higher gender inequality. The data showed that developed countries tended to have lower 

gender inequality than developing countries. However, there were still large variations within the 

groups of developed and developing countries. For example, Scandinavian and German speaking 

countries had much lower gender inequality than English speaking countries (see appendix 1). The 

data was collected from the year of 2014. 

 

4.8 Analysis of the data: 

A summary of the control variables is illustrated in table 3. 
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Table 3: Summary of the 11 control variables  

Variable Obs Mean Std. Dev. Min Max 
Initial_wealth 100 3.5737 0.4825 2.4169 4.4512 
Human_capital 100 1.9059 0.6381 1.0399 3.2101 
Health 100 59.245 11.606 32.393 74.649 
Inflation 100 0.4408 1.1663 0.0195 9.5961 
Openness 100 0.5037 0.5762 0.0700 4.2600 
Δ TOT 100 0.0004 0.004 -0.014 0.1705 
Democracy 100 66.420 25.61 6.0000 100.00 
Government_consumption 100 0.1991 0.0743 0.0626 0.4455 
Investments 100 0.1928 0.0702 0.0448 0.4693 
Fertility 100 4.4701 2.0786 1.2500 8.4900 
GII (Gender inequality) 100 0.3497 0.2001 0.0160 0.7130 

Note to table: Age1b is the mean age at first birth, Initial_wealth is the log of GDP in the first year, Human_capital is the measure of 

human capital, Health is the measure for health, Inflation is average inflation, Openness refers to openness to trade, ΔTOT is the 

change in terms of trade, Democracy is the measure for the level of democracy, Government_consumption is the government 

consumption’s share of GDP, Investments is the investments’ share of GDP, Fertility is the fertility rate and GII is the gender 

inequality index. 

 

This table shows that there were 100 countries included in the sample. It also illustrates the mean 

value of each variable, their standard deviation and range. Normally, the terms of trade (TOT) 

should be strictly positive because it depends on a ratio of prices, which cannot be negative. In this 

case, we see that the minimum value is below zero, and that the mean is close to zero. This is 

because I measured the variable as the annual change in terms of trade, multiplied with the 

openness to trade. Therefore, some values were below zero, while others were above zero, and the 

mean would be expected to be around 0 (in the case that the terms of trade have not changed in the 

period). However, one interesting finding from the table is that the mean value for the countries’ 

average inflation was 44%. This might seem a bit higher than expected since many central banks 

target inflation around two per cent. The explanation for this finding is that a few countries have 

had hyperinflation, and these outliers influence the big picture significantly. Another interesting 

takeaway from table 3 is that the life expectancy was distributed over a large range. For example, 

the life expectancy for Mali was as low as 32 years, whereas many developed countries had life 

expectancies that were more than twice this figure (see appendix 1). It was also interesting to see 

that investment accounted for less than 5% of total GDP in some countries, whereas it accounted for 

40-50% in other countries.  
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In order to investigate the correlation between the independent variables, I created a table of 

correlation. This is illustrated in table 4. 

 

Table 4: Table of correlation between the 12 independent variables  

 
Note to table: Age1b is the mean age at first birth, Initial_wealth is the log of GDP in the first year, Human_capital is the measure of 

human capital, Health is the measure for health, Inflation is average inflation, Openness refers to openness to trade, TOT is the 

change in terms of trade, Democracy is the measure for the level of democracy, Government_consumption is the government 

consumption’s share of GDP, Investments is the investments’ share of GDP, Fertility is the fertility rate and GII is the gender 

inequality index. 

 

In the interpretation of table 4, it is important to notice that these were only the correlations between 

the variables. This does not necessarily mean that there were causal relationships between them. 

Notwithstanding, the table shows that the correlations between the mean age at first birth and 

human capital, health, fertility and gender inequality are consistent with the expectations from the 

literature review. In other words, motherhood timing was delayed in countries with high human 

capital, good health, low fertility and low gender inequality. Other relationships were also as 

expected. For example, fertility was higher in countries with low health, whereas human capital and 

health were positively correlated. Moreover, democracy was positively correlated to openness to 

trade, whereas it was inversely related to gender inequality. 

 

The correlations between the independent variables were important because there might be issues of 

collinearity and multicollinearity if two or more of the variables were almost perfectly correlated to 

each other. The problem with too high collinearity is that the standard errors will increase as the 

regressors become strongly correlated. For example, this could be the case if the variables are 

mathematically interrelated. In this study, this was the case between the variables ‘change in terms 

of trade’ and ‘openness to trade’ because the growth rate of terms of trade was multiplied with the 

openness to trade in order to determine the values for the measurement of change in TOT. 
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Moreover, the gender inequality index (GII) was directly related to some of the other variables. 

Firstly, it was related to health through the indicator of maternal mortality ratio. However, I 

measured health as life expectancy, so these two measures were not exactly the same. Secondly, it 

was related to fertility because the gender inequality index took adolescent birth rate into account. 

The definition of adolescent birth rate was the number of children born per year per 1000 women 

between 15 and 19 years of age. Again, this was not perfectly correlated to total fertility rates 

because the latter would involve all children born by each woman throughout her life, not just when 

she was 15-19 years old. The indicator of adolescent birth rate was also expected to be negatively 

correlated with the mean age of first birth. That is, countries where women between 15 and 19 years 

gave birth to a lot of children should also tend to have had a lower mean age at first births than 

countries with few adolescent births. For example, in Niger there were born 204.8 children per 1000 

adolescents while there were only given birth to 1.9 children per 1000 adolescents in Switzerland 

(Human Development Report, 2015). This was correlated with a low mean age of first birth in 

Niger of 18.0 years, whereas it was 30 years in Switzerland (see appendix 1). In addition to this, the 

gender inequality index also involved the labour participation rate, which could be expected to be 

related to the mean age at first birth. Finally, the gender inequality index involved an indicator on 

the share of women with at least secondary education (Human Development Report, 2015). This 

was of course correlated to the human capital variable although the human capital variable also took 

the quality of education into account. Conclusively, the might have been an issue of 

multicollinearity in regards to gender inequality even though this was not necessarily the case. 

Therefore, the next step was to find the variance-inflated factors in order to assess whether or not 

there was a concern of multicollinearity. This is illustrated in table 5. 
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Table 5: Variance inflated factors 

 
Note to table: GII is the gender inequality index, Age1b is the mean age at first birth, Health is the measure for health, 

Human_capital is the measure of human capital, Fertility is the fertility rate, Initial_wealth is the log of GDP in the first year, 

Investments is the investments’ share of GDP, Democracy is the measure for the level of democracy, Government_consumption is the 

government consumption’s share of GDP, Openness refers to openness to trade, Inflation is average inflation and TOT is the change 

in terms of trade. 

 

As a rule of thumb, there is not a concern about multicollinearity if the VIF is below 10 

(Wooldridge, 2009). Table 5 shows that the VIF for the gender inequality index was 11.49, which 

raised a concern. This was because the gender inequality index was strongly correlated with the 

other independent variables, as is can be seen from table 4 as well. In particular, the absolute value 

of gender inequality’s correlation was 0.8 or more for 5 out of 11 of the other variables. This could 

lead to a very high standard error of gender inequality, which would reduce the significance of its 

impact on real economic growth. The takeaway from this was that the variable of gender inequality 

should potentially be removed from the regression. The disadvantage of this exclusion would be 

that gender inequality would become part of the error term. However, as it was so strongly 

correlated with the other independent variables, the explanatory power of the regression model 

might only be slightly reduced. On the other hand, the advantage of excluding gender inequality 

from the model was that this would reduce variance. 

 

If I excluded gender inequality from the model, the issue of multicollinearity was reduced 

considerably. This is illustrated in table 6. Now, the mean VIF is 3.44 compared to 4.41 in table 5. 
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Moreover, the highest value of VIF is now 6.6, whereas it was 11.49 when I included the gender 

inequality index. 

 

Table 6: Variance inflated factors when gender inequality was excluded 

 
Note to table: Health is the measure for health, Fertility is the fertility rate, Human_capital is the measure of human capital, 

Initial_wealth is the log of GDP in the first year, Age1b is the mean age at first birth, Investments is the investments’ share of GDP, 

Democracy is the measure for the level of democracy, Government_consumption is the government consumption’s share of GDP, 

Openness refers to openness to trade, Inflation is average inflation and TOT is the change in terms of trade. 

 

Heteroskedasticity 

The first step of investigating whether there is homo- or heteroskedasticity in the data was to look at 

the residual values in relation to the fitted values. If there was a cone pattern – in the case that 

variance is non-constant over the fitted values – this would be a sign of potential heteroskedasticity. 

This relationship is plotted in figure 9. 
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Figure 9: Variance of residuals as a function of fitted values 

 
 

The figure shows that the variance of the residuals was not completely constant. However, it was 

difficult to determine a clear pattern from the figure. Therefore, I conducted numerical tests as well 

in order to be better able to assess the potential issue of heteroskedasticity. First, I performed 

Cameron and Trivedi’s decomposition of IM-test. The result of this is shown in table 7. 

 

Table 7: Cameron and Trivedi’s decomposition of IM-test 

 
Moreover, I also performed a Breusch-Pagan test, which is shown in table 8. 

 

Table 8: Breusch-Pagan test of heteroskedasticity 

 
Note to table: GDP_growth is the annual growth rate in real GDP per capita  
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Table 7 does not show sign of any issues of skewness, kurtosis or heteroskedasticity. Table 8 on the 

other hand, shows a p-value of 0.083. Thus, I could not reject the null hypothesis of 

homoscedasticity on a 5% significance level. However, I could reject it at a 10% significance level. 

On this basis, I concluded that there did not seem to be a violation of the assumption of 

homoscedasticity in this OLS regression. Thus, I did not take measures to correct for 

heteroskedasticity in this sample. If there had been an issue of heteroskedasticity, OLS would no 

longer be the best, unbiased linear estimator (Wooldridge, 2009). In that case, I should mitigate the 

issue of heteroskedasticity by using heteroskedasticity consistent standard errors or have used a 

generalized least squares (GLS) model instead of OLS. 

 

Linearity of residuals 

Another assumption in the OLS regression was that the residuals should be normally distributed in 

order for the p-value to be valid. I analysed this graphically by graphing the standardised normal 

probability plot and a plot of the quantiles compared to the quantiles of a normal distribution. In 

both graphs, I saw a slight, but not severe deviation from normal distributions of residuals. This was 

consistent to my findings when doing a numerical test of the normality of residuals. The result of 

the Shapiro-Wilk W test is shown in table 9. In this test, I got a p-value around 0.4, which means 

that I could not reject the null hypothesis of normal distribution of residuals at any appropriate 

significance level.  

 

Table 9: Shapiro-Wilk W test 

 
 
Note to table: r refers to the residuals. 
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Non-linearity 

Linearity was one of the assumptions of the OLS regression. Therefore, non-linearity would be a 

problem for the model. In order to investigate this, I first plotted the residuals of the test variable. 

Figure 10 illustrates this. 

 

Figure 10: Scatterplot of residuals of mean age at first birth 

 
Note to figure: Age1b is the mean age at first birth 

 

The figure does not give a picture of any issues of non-linearity. In order to assess the assumption 

of linearity further, I constructed a graph with the augmented partial residual plot. I combined this 

with the lowess option in order to smoothen the regression line. The output is illustrated in figure 

11. 
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Figure 11: Augmented partial residual plot with lowess 

 
Note to figure: Age1b is the mean age at first birth 

 

The figure suggests that the regression line might have a slight inverted u-shape instead of complete 

linearity. However, this finding was based on two residual outliers, so I did not conclude that there 

was a serious concern of non-linearity.  

 

4.9 Analysis of data for the smaller datasets: 

In addition to doing data analysis on the sample with all countries in my study, I also analysed the 

data in the smaller datasets.  

 

OECD countries from 1970-1995: 

In this sample, I included 30 out of the 34 current OECD countries. Four countries were excluded 

due to lack of data in this time period. For this sample, none of the variables had a VIF above 10, 

but the gender inequality and health variables were close. However, the assumptions about 

normality of residuals, homoscedasticity and linearity showed no signs of being violated.  

 

OECD countries from 1995-2011: 

Here, I included all the 34 current OECD countries. There were no sign of multicollinearity, and no 

indication of non-normality of residuals. Moreover, there were even less sign of heteroskedasticity 

than for the sample of all countries. However, when doing the augmented partial residual plot with 
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lowess, I found a slightly stronger indication of non-linearity. Notwithstanding, this was not strong 

enough to conclude that there was a serious concern of non-linearity.  

 

Countries with available data from 1970-1995: 

This sample included all non-oil dependent countries with a population above one million and data 

availability from 1970-1995. I measured the mean age at first birth at the initial year, 1970. There 

were 56 observations included in this sample. In this sample, there was high multicollinearity 

because both the gender inequality index and health had a VIF above 10. Moreover, the p-value was 

2% in the Shapiro-Wilk W test. Thus, I rejected the null hypothesis of normal distribution of 

residuals, which was one of the assumptions of the OLS model. Moreover, the Cameron and 

Trivedi decomposition of IM-test indicated significant skewness, and the Breusch-Pagan test has a 

p-value of 0.005, which meant that I could safely reject the null hypothesis of homoscedasticity.  

 

First I tried to mitigate the violations of OLS assumptions in this dataset by excluding the gender 

inequality variable from the regression. Since the health variable still had a VIF above 10, I also 

excluded this variable, so I was left with 10 independent variables in the model. This reduced 

multicollinearity to an appropriate level. However, the Shapiro-Wilk W test still resulted in a clear 

rejection of the null hypothesis of normal distribution of residuals with a p-value of 0.021. 

Moreover, there was still strong skewness and heteroskedasticity.  However, I mitigated the 

heteroskedasticity issue by applying heteroskedasticity consistent standard errors in the regression.  

 

In order to take the differences across time into account, I made data diagnostics on the same 

sample of countries for the 1995-2011 period. Here, the data on the mean age at first birth was 

collected from 1995. Again there was a high degree of multicollinearity. Now, the variable of initial 

wealth also had a VIF above 10 in addition to health and gender inequality. However, the 

assumptions of normal distribution of residuals, homoscedasticity and linearity were not violated 

for this dataset. Thus, I removed the variables of gender inequality and health from the model. This 

reduced the multicollinearity issue so there no longer were any variables with a VIF above 10. I 

could also have excluded the variable of initial wealth from the model in order to reduce 

multicollinearity further, but this was a pivotal part of a growth model, so I was reluctant to do so. 

Then, I had a dataset that did not violate assumptions of either multicollinearity, homoscedasticity, 

normal distribution of residuals or linearity.  
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5. Results: 

5.1 Introduction to results: 

This section begins with a presentation of the results from the regressions with the whole dataset. 

Specifically, I will look at the power of the regression model, and then look into the result for the 

test variable’s effect on economic growth. Then, I will describe the results for the control variables.  

 

After evaluating the results of the whole dataset, I will look into the results for the smaller samples 

of countries. I will begin by describing the results from the OECD countries, followed by looking at 

all the countries with data availability dating back to 1970. 

 

I will finalise this section with a summary of the results of this thesis. 

 

5.2 Results for the whole data set: 

The output of the regression for the whole dataset for the period 1970-2011 is shown in table 10 and 

table 11. In table 10, the output of the univariate or unconditional regression is illustrated.  

 

Table 10: Simple regression of real economic growth on mean age at first birth 

 
Note to table: Age1b is the mean age at first birth 

 

Overall, table 10 illustrates that there were 100 observations (countries) included in this regression. 

The F-test had a value of 19.26, which led to a p-value close to zero. Thus, the overall model was 

very significant at any conventional significance level. The R-squared of this model was 0.164, 
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which suggested that 16.4% of economic growth was explained by the variables in the regression 

equation. The adjusted R-squared was 15.6%. This term takes the number of variables into account, 

so it will always be smaller than the unadjusted R-squared. In this case, however, it was only 

slightly smaller than the unadjusted R-squared because I only included one independent variable in 

the regression.  

 

The coefficient for the test variable was 0.0017 or 0.17%. This suggested that delaying the mean 

age of first birth with one year was related to an increase in the annual growth rate of real GDP of 

0.17%. The standard error was very small, which led to a large t-value and a corresponding very 

low p-value. That is, this result was significant at a very low significance level.  

 

Graphically, the result from the regression is illustrated in figure 12. 

 

Figure 12: Scatterplot of GDP growth and mean age at first birth 

 
Note to figure: Age1b is the mean age at first birth and GDP_growth is the growth rate of real GDP per capita 

 

The figure shows that the slope of the fitted values was positive, so the mean age at first birth was 

positively correlated to real economic growth. 
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Even though the results in table 10 and figure 12 seemed to be very significant, I will not 

necessarily conclude that the mean age of first birth had a significant positive effect on real 

economic growth because this was merely a simple regression. The error term was still very large 

because I omitted many relevant variables from this regression. Thus, the effect of fertility timing 

on GDP growth was not ceteris paribus in this regression. However, this result did show that there 

was a strong correlation between the two variables. Notwithstanding, this effect might have 

disappeared when other relevant variables were held fixed. This effect was further investigated in 

table 11. 

 

Table 11: Regression output, all variables, 1970-2011 

 
Note to table: Age1b is the mean age at first birth, Initial_wealth is the log of GDP in the first year, Human_capital is the measure of 

human capital, Health is the measure for health, Inflation is average inflation, Openness refers to openness to trade, TOT is the 

change in terms of trade, Democracy is the measure for the level of democracy, Government_consumption is the government 

consumption’s share of GDP, Investments is the investments’ share of GDP, Fertility is the fertility rate and GII is the gender 

inequality index 

 

In this multiple regression, I controlled for other important explanatory growth variables. Compared 

to table 10, the R-squared increased from 16% to 58%, which meant that this model explained more 
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of economic growth than the model in table 10. Based on this table, I inserted the constant and the 

coefficients into the growth model, which is shown in equation 3: 

 

3) GDP_growthi = 0.052 + 0.0014 * Age1bi – 0.0336 * Initial_wealthi – 0.0001 * 

Human_capitali + 0.0007 * Healthi – 0.0031 * Inflationi – 0.0020 * Opennessi + 0.6066 TOTi + 

0.0001 * Democracyi – 0.0339 * Government_consumptioni + 0.0722 * Investmentsi + 0.0001 

* Fertilityi – 0.0125 * GIIi + ui. 

 

The test variable – mean age at first birth: 

The test variable, mean age at first birth, had a coefficient of 0.14%, which indicates that the should 

have been an increase in the growth rate of real GDP per capita of 0.14 percentage points when the 

women of a country delayed motherhood by one year. However, the p-value of this variable was 

8.6%. Thus, the result was significant at a 10% significance level, but not at a 5% significance 

level. Consequently, the 95% confidence interval included values of both above and below zero.  

 

Control variables: 

1) Initial wealth: Based on the literature, this variable was expected to be negative. This was 

also the case, and the result is quite significant with a p-value close to 0. 

2) Human capital was expected to be positive. In this regression however, the estimate of the 

coefficient was -0.01%. This result was definitely not significant since the p-value was 

98.5%.  

3) In this regression, health had a significant positive effect on real economic growth.  

4) As expected, inflation had a significant negative impact on economic growth according to 

this growth model. 

5) The coefficient for openness to trade turned out to be negative in this regression. However, 

this result was not significant as the p-value was 36.9%. 

6) The change in terms of trade had a positive coefficient and a p-value of 3.7%, which means 

that it had a significant positive effect on economic growth at a 5% significance level. The 

interpretation of the coefficient is that a 1% increase in terms of trade per year was related to 

a 0.6% increase in GDP growth for a country with 100% openness to trade. If the country 

had openness to trade of 50%, the effect of the increase in terms of trade would be half of 

that and so on.  
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7) The coefficient for the democracy variable was 0.01%, but the result was insignificant.  

8) Government consumption’s share of GDP was estimated to have a negative relation to 

economic growth, and it had a p-value of 5%.   

9) The investment ratio was positively correlated to real GDP growth, and the result was 

significant at a 5% significance level.  

10)  The coefficient for fertility was estimated to be positive according to this model. However, 

this result was far from being statistically significant. 

11)  Finally, the gender inequality index had a negative coefficient, but this result merely had a 

p-value of 48.8%. 

 

Conclusively, 6 out of the 11 control variables showed significant results. The remaining 5 control 

variables yielded insignificant results.  

 

Excluding the gender inequality variable: 

The methodology section showed that the dataset used for making the regression in table 10 and 11 

yielded serious concerns of multicollinearity. This was primarily due to the gender inequality 

variable. Therefore, I also made regressions with a model that excluded this variable. Thereby there 

should be no violation of the OLS assumption of no multicollinearity. The result of this regression 

is illustrated in table 12. 
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Table 12: Regression output, excluding gender inequality index, 1970-2011 

 
Note to table: Age1b is the mean age at first birth, Initial_wealth is the log of GDP in the first year, Human_capital is the measure of 

human capital, Health is the measure for health, Inflation is average inflation, Openness refers to openness to trade, TOT is the 

change in terms of trade, Democracy is the measure for the level of democracy, Government_consumption is the government 

consumption’s share of GDP, Investments is the investments’ share of GDP and Fertility is the fertility rate. 

 

Now, I only included 11 independent variables in the growth equation. The R-squared only 

decreased by 0.2 percentage points to 58.0%. Thus, the explanatory power of the whole model was 

not considerably reduced. Excluding gender inequality turned out to make the estimate of mean age 

at first birth considerably more significant. Then, the coefficient for the test variable was 0.17%, 

which was 0.03% higher than in table 11. Moreover, the p-value decreased to 0.9%, where it was 

8.6% before. Thus, the result became significant even at a 1% significance level. Therefore, the 

95% confidence level is now strictly above zero.  

 

Overall, the control variables did not become more significant than before. In fact, the p-value for 

government consumption became 6%, so was less significant than in table 11. 
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5.3 Results for regressions with the OECD countries: 

The results for the simple- and multiple regressions with the OECD countries are illustrated in table 

13 to 16. First, the simple regression for the period 1970-1995 is shown in table 13. 

 

Table 13: Simple regression output with OECD countries, 1970-1995 

 
Note to table: Age1b1970 refers to the mean age at first birth in 1970 

 

In the simple regression of the OECD countries, the coefficient for the mean age at first birth was 

positive. However, this result was not statistically significant since the p-value was 50%. The R2 

was also very low compared to the results for the whole dataset. Notwithstanding, other researchers 

have found that some growth factors are unconditionally insignificant, while they become 

significant when other variables are controlled for (Barro, 2003). For example, this seems to be the 

case with initial wealth. Therefore, I included the 11 control variables in the regression in table 14. 
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Table 14: Multiple regression output, OECD countries, 1970-1995 

 
Note to table: Age1b1970 is the mean age at first birth in 1970, Initial_wealth70 is the log of GDP in 1970, Human_capital70_95 is 

the measure of human capital, Health70 is the measure for health, Inflation_70 is average inflation, Openness_70 refers to openness 

to trade, TOT70 is the change in terms of trade, Democracy is the measure for the level of democracy, Government_consumption_70 

is the government consumption’s share of GDP, Investments_70 is the investments’ share of GDP, Fertility70 is the fertility rate and 

GII is the gender inequality index 

 

When including the 11 control variables, the coefficient of mean age at first birth increased and 

become more significant. However, its p-value was merely 14.7%, which was only significant at a 

15% confidence interval. Moreover, initial wealth was the only control variable that was significant 

at a reasonable confidence level. The coefficient for this variable was negative. 

 

The lack of significance among the regressions with the OECD countries might have been due to 

the low number of observations. That is, I only had data on 30 of the 34 OECD countries for the 

period between 1970 and 1995. Moreover, I included 11 control variables in the multiple 

regressions in order to reduce the size of the error term. However, the large number of parameters 

led to few degrees of freedom. Therefore, a larger amount of observations could have decreased the 

variances of the variables in the model. 
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Table 15 and illustrates the simple and multiple regression of the 34 OECD countries in the period 

1995-2011. 

 

Table 15: Simple regression output, OECD countries, 1995-2011 

 
Note to table: Age1b1995 refers to the mean age at first birth in 1995 

 

Table 16: Multiple regression output, OECD countries, 1995-2011 

 
Note to table: Age1b1995 is the mean age at first birth in 1995, Initial_wealth95 is the log of GDP in 1995, Human_capital95_2011 

is the measure of human capital, Health95 is the measure for health, Inflation_95 is average inflation, Openness_95 refers to 

openness to trade, TOT95 is the change in terms of trade, Democracy is the measure for the level of democracy, 

Government_consumption_95 is the government consumption’s share of GDP, Investments_95 is the investments’ share of GDP, 

Fertility95 is the fertility rate and GII is the gender inequality index 
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Table 15 shows a negative coefficient for the mean age at first birth. Moreover, the p-value was 

0.3%, which made this result highly significant. However, this effect was not conditional on other 

growth factors. Therefore, I also made a regression with the 11 control variables, as illustrated in 

table 16. 

 

The estimated coefficient for the mean age at first birth was still negative in table 16, but the result 

became insignificant. Thus, I could not conclude that fertility timing had an effect on real economic 

growth for the club of OECD countries.  

 

5.4 Results for non oil-dependent countries with a population above one million and data 

availability from 1970-2011: 

The regressions in this sub-section were based on a dataset of 56 countries. These were all non oil-

dependent and had a population above 1 million. Moreover, they had data availability all the way 

back to 1970. In the methodology section, I rejected the null hypothesis of homoscedasticity. 

Therefore, I used robust standard error in this sub-section in order to mitigate the heteroskedasticity 

issue. Table 17 shows the result of the simple regression for the period 1970-1995. 

 

Table 17: Simple regression output, 56 countries, 1970-1995 

 
Note to table: Age1b70 refers to the mean age at first birth in 1970 
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Table 17 shows a positive coefficient for the mean age at first birth. It had a p-value of 0.2%, which 

made the result highly significant. However, I did not control for other explanatory growth 

variables in this regression. In contrast, this was the case in table 18. 

 

Table 18: Multiple regression output, 56 countries, 1970-1995 

 
Note to table: Age1b70 is the mean age at first birth in 1970, Initial_wealth70 is the log of GDP in 1970, Human_capital70 is the 

measure of human capital, TOT70 is the change in terms of trade, Fertility_70 is the fertility rate, Democracy is the measure for the 

level of democracy, Openness_70 refers to openness to trade, Investments_70 is the investments’ share of GDP, 

Government_consumption_70 is the government consumption’s share of GDP and Inflation_70 is average inflation 

 

Table 18 shows that I controlled for 9 variables when testing for the effect of mean age at first birth 

in this regression. I excluded the variables of gender inequality and health. This was based on my 

findings in the methodology section, where I saw that these two variables caused violations of the 

assumption of multicollinearity and normal distribution of residuals. 

 

In this case, the estimated coefficient of the mean age at first birth was positive, and had a p-value 

of 6.8%. Thus, the result was significant at a 10% significance level, but not at a 5% significance 

level. In regards to the control variables, one out of nine were significant at a 5% significance level, 

and 2 more became significance when I increased the significance level to 10%. All had a 

coefficient with the expected sign. Thus, this was an improvement of the results compared to the 
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club of OECD countries, but not as strong as the dataset with 100 countries. Next, I considered the 

time period of 1995-2011 in order to see if this result was consistent over time. The results of the 

regressions for this time period are illustrated in table 19 and 20. 

 

Table 19: Simple regression output, 56 countries, 1995-2011 

 
Note to table: Age1b95 refers to the mean age at first birth in 1995 

 

Table 20: Multiple regression output, 56 countries, 1995-2011 

 
Note to table: Age1b1995 is the mean age at first birth in 1995, initial_wealth95 is the log of GDP in 1995, Human_capital95 is the 

measure of human capital, Inflation_95 is average inflation, Openness_95 refers to openness to trade, TOT95 is the change in terms 

of trade, Democracy is the measure for the level of democracy, Government_consumption_95 is the government consumption’s share 

of GDP, Investments_95 is the investments’ share of GDP and Fertility95 is the fertility rate  
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In the simple regression in table 19, the estimated coefficient of the mean age at first birth became 

negative, but this was not statistically significant. The output of the multiple regressions is shown in 

table 20. The result of the multiple regression was similar to the same dataset for the previous time 

period, since the coefficient for mean age at first birth was positive. However, it was not statistically 

significant. Moreover, three of the control variables had significant results with coefficients that had 

the expected sign.  

 

5.5 Summary of results: 

In this sub-section, I will summarize the results of the regressions. First, I look at the results for the 

test variable. Then I will summarize the results of the control variables. 

 

Mean age at first birth 

The regression results for this variable are illustrated in table 21. 

 

Table 21: Summary of results of multiple regressions of how the mean age at first birth affects real 

GDP growth per capita 

 Whole 

sample, 

1970-2011 

Whole 

sample, 

1970-2011 

OECD, 

1970-1995 

OECD, 

1995-2011 

56 

countries, 

1970-1995 

56 

countries, 

1995-2011 

Excluding 

GII 

No Yes No No Yes Yes 

Excluding 

Health 

No No No No Yes Yes 

Sign + + + - + + 

Coefficient 0.0014* 0.0017*** 0.0022(*) -0.0003 0.0039* 0.0006 

Std. error 0.0008 0.0006 0.0015 0.0009 0.0021 0.0009 

P-value 0.086 0.009 0.147 0.734 0.068 0.496 
Notes to table 21: 

(*): Significant at a 15% confidence interval 

*: Significant at a 10% confidence interval 

**: Significant at a 5% significance level 

***: Significant at a 1% significance level 
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I have 5 key takeaways from table 21. 

1) The table shows that the sign of the coefficient for mean age at first birth was positive 

except for the regression for OECD countries from 1995-2011. However, the estimate of the 

coefficient was clearly insignificant in that regression since the p-value was 0.734. Thus, the 

results indicate that the mean age at first birth had a positive effect on real economic growth. 

2) The value of the coefficient in the statistically significant results ranged from 0.14%-0.39%. 

Thus, a one-year delay of motherhood was estimated to increase the annual real GDP 

growth per capita by an amount within this range. 

3) There were significant results for both time period 1970-1995 and for the whole time period 

1970-2011. However, the results for the period 1995-2011 were not significant.  

4) There were significant results for the mean age at first birth for all the samples of countries. 

That is, the mean age at first birth was estimated to have a significant effect on economic 

growth for the sample of all non-oil dependent countries with a population above 1 million 

and available data, and for the OECD countries.  

5) The coefficients for the mean age at first birth seemed to be larger and more significant 

when the regression did not control for the gender inequality index (GII).  

 

Based on this, the overall answer to the research question is yes, fertility timing did seem to have an 

effect on real economic growth. In particular, the effect was positive, and estimated to have been in 

the range between 0.14%-0.39% of a one-year delay of first birth.  

 

Control variables 

1) Initial wealth had a significant negative relation to real GDP growth in five out of six 

regression at a significance level of 1%. In the last regression, it was significant at a 10% 

significance level.  

2) Human capital had a positive significant correlation with economic growth in two out of six 

regression at a 5% or lower significance level. This variable was not significant in the 

remaining four regressions. 

3) The results for health were ambiguous because it had a significant positive coefficient in 

two regressions, whereas the coefficient was negative in one regression. 

4) Inflation had the expected negative relation with income growth in four out of six 

regressions, whereas the coefficient was insignificant in the two remaining regressions. 
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5) Surprisingly, the results for openness to trade were insignificant is five regressions, whereas 

the coefficient was significantly negative in one regression.  

6) The change in terms of trade in relation to openness to trade was estimated to be positive 

with a significant result in three regressions, while the coefficient was significantly negative 

in one regression.  

7) The democracy variable yielded insignificant results in five out of six regression, whereas it 

had a positive correlation with GDP growth in the regression where the coefficient was 

statistically significant.  

8) The government consumption as a share of total GDP was significantly negatively related to 

economic growth in four out of six regressions, whereas the variable was insignificant in 

two regressions. 

9) The variable of investments as a share of GDP yielded results of a positive relationship with 

real GDP growth in two regressions at a 1% significance level. It was insignificant in the 

remaining four regressions.  

10)  Fertility had a significant inverse relationship with economic growth in one regression, but 

the results were insignificant in the other five regressions. 

11)  Finally, the gender inequality index had a negative correlation with GDP growth in one 

regression, while it was insignificant in two regressions. It was excluded from the other 

three regressions.  
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6. Discussion: 

6.1: Introduction to discussion: 

This section contains three parts. It begins with a discussion of causality - whether the results are 

implying a causal relationship between the mean age at first birth and economic growth in relation 

to the issue of endogeneity. Next, I compare the results to the existing literature on the topic, and 

look into the possible explanations of the results for the effect of the mean age at first on economic 

growth. Finally, I discuss the implications of the results. 

 

6.2: Discussion of causality: 

I have assumed that the independent variables are uncorrelated with the error term, and that there is 

not reverse causality. That is, the independent variables should have an impact on economic growth, 

but the economic growth should not affect the regressors. Whether this holds is a topic for 

discussion. For example, Hanushek and Kimko (2000) argue that human capital has a positive 

effect on real GDP growth, but there is also reverse causality present. That is, as countries become 

more resourceful, the investments in human capital increase. Thus, human capital is an endogenous 

variable. The same issue can be raised in relation to the mean age at first birth. In order to mitigate 

this issue, I have looked at possible instrumental variables for the test variable, and the potential use 

of the two-stage least squares method. According to Wooldridge (2009) the conditions that need to 

be fulfilled in order for a variable to be a good instrument are: 

 

1) The instrument should be uncorrelated with the error term. 

2) The instrument should be correlated with the endogenous variable. 

 

These conditions are also known as instrument exogeneity and instrument relevance.  

 

Miller (2009; 2011) mitigated the issue of endogeneity of fertility timing by using fertility shocks as 

instruments for fertility timing. In particular, she uses three instrumental variables – whether the 

first pregnancy ended in miscarriage, whether conception of the first child happened while using 

contraception, and the elapsed time from first attempt of pregnancy to first birth. Miller’s (2009; 

2011) three instrumental variables might be appropriate for her studies, where she looks at the 

effects of fertility timing within a country. However, I tested the effects of mean age at first birth in 

a cross section of countries. As shown in appendix 1, the variable ranged from 18 years to 30.5 
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years. Based on this, I do not think that the instrumental variables used by Miller (2009; 2011) 

would be appropriate instruments for this study. In other words, they might be appropriate to 

explain why some individuals have higher age at first birth within a country, but they do not explain 

why women in some countries become parents at the age of 18 on average, while women in other 

countries give birth to their first child more than 10 years later.  

 

Instead of measurements of fertility shocks, I could have used other determinants of fertility timing 

as instruments for the mean age at first birth. Rindfuss, Morgan and Offutt (1996) find that fertility 

delay is primarily explained by longer educations. Thus, education would have high instrument 

relevance. However, it would have a very low instrument exogeneity because education is not an 

exogenous variable. Moreover, education was already included in the economic growth model as 

human capital. Based on this, education would not be an appropriate instrument for the mean age at 

first birth. 

 

In addition to education, Rindfuss et al. (1996) also find that the age at marriage influences fertility 

timing. This is supported by the findings of Rindfuss and Parnell (1989), who argue that marriage 

gives a ‘reproductive license’. Therefore, marriage would also have high instrument relevance for 

the mean age at first birth. On the other hand, it could be argued that there might be reverse 

causality between marriage and economic growth. That is, the timing of marriage might be 

determined by the economic situation. Even though the personal finance is most important for such 

decision, I cannot rule out that real GDP growth could have an impact on timing of marriage. 

Therefore, it is difficult to prove that this variable would have instrument exogeneity, which makes 

it unfeasible as an instrumental variable for the mean age at first birth.  

 

Culture or religion could be other potential instrumental variables for the mean age at first birth. 

However, it could be difficult to measure culture. In regards to religion, Chamie (1981) argues that 

there is a correlation between religious beliefs and fertility planning. This gives instrumental 

relevance for religion as an instrumental variable. In addition to this, Goujon et al. (2007) look at 

the effect of different religions on fertility planning. They find that the timing of parenthood is as 

following, starting with the religion that leads to earliest parenthood: 

 

 



Gorm	  Grønborg-‐Forsingdal	  
How	  the	  Mean	  Age	  at	  First	  Birth	  Affects	  Economic	  Growth	  

Page	  61	  of	  80	  

1) Islam 

2) Other religions 

3) Catholicism 

4) Protestantism 

5) No religion 

 

This list could be used as an instrument for the mean age at first birth. It could be argued that it 

would have instrument exogeneity since people’s religion is exogenously determined. However, the 

instrument is weaker than education (and marriage) because religion is not the primary determinant 

of fertility planning (Chamie, 1981). Moreover, religion would be an unfeasible instrumental 

variable because religion itself can be seen as an explanatory variable for real economic growth 

(Barro and McCleary, 2003).  

 

Conclusively, I cannot find a suitable variable to use as an instrument for the mean age at first birth. 

If I had been able to find one, I could have used it to determine whether or not there is a causal 

relationship between fertility timing and real economic growth. If I have had multiple instrumental 

variables, I could have used a two-stage least square model as a complement to the OLS model. 

This would involve obtaining the fitted values for the endogenous variable, followed by an OLS 

regression with the fitted values in order to explain the dependent variable (Wooldridge, 2009). 

After this procedure, I could have performed the Hausman (1978) test for endogeneity, which 

would show if it was present or not. Based on this, I cannot reject the possibility that there is an 

issue of endogeneity in this study. However, that does not necessarily mean that the results are not 

valid. Notwithstanding, I have to assume that the reverse causality or spurious relationships with 

omitted variables in the error term are not strong enough to offset the finding that fertility delay had 

a positive effect on real economic growth.  

 

6.3 Comparison to existing literature and explanations for the results: 

Overall, the comparison to existing literature and explanations for the results consist of two parts. 

The first part is about how the results for the mean age at first birth compare to other studies, and 

what could explain these results. The other part is about whether or not the results for the control 

variables are consistent with previous studies on economic growth.  
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Test variable – mean age at first birth 

There are not any previous articles on whether or not the mean age at first birth has an effect on 

growth of real GDP per capita. That is what makes this topic interesting, but I cannot compare the 

results to similar studies. However, studies about the effect of the mean age at first birth on other 

variables have been tested.  

 

As explained in the literature review, Miller (2011) finds that motherhood delay has a positive 

effect on women’s wage rates and the number of hours worked. Thus, it benefits people on the 

individual level. All else equal, higher career wages and more hours worked should also have a 

positive effect on the production of the whole economy. In contrast to Miller (2011), this study is 

about macroeconomic growth. Table 21 shows that a one-year delay in motherhood was estimated 

to result in higher economic growth of 0.14%-0.39% in the time periods of 1970-1995 and 1070-

2011. Therefore, this study is consistent with the findings of Miller (2011) in the sense that fertility 

delay had a positive effect on the economy.  

 

It should be noted that the results of this paper build on the dataset available. As shown in table 2, 

figure 7 and in appendix 1, the average mean age at first birth was below 24 for the whole dataset, 

and some countries even had a mean as low as 18 years. Moreover, the maximum mean age at first 

birth in the sample was 30.5. Therefore, the results might have been different if the mean age at first 

birth was higher than it has been historically. Interestingly, Mirowsky (2002) argues that the 

optimal age for women to give the first birth with respect to the effect on their health is at the age of 

30.5. Moreover, the pivotal age is estimated to be 21.8. Therefore, it is possible that the coefficient 

for mean age at first birth was positive because of the relative young ages women have been given 

birth at, at least with respect to their health. The data also showed that the mean age at first birth has 

increased, and that people in wealthy countries have tended to give birth at a later point of time than 

those in developing countries. This is consistent with the model by Gustafsson (2001) in the sense 

that one incentive to get children at an early age is to enjoy more time with grandchildren. 

Therefore, people living in countries with a short life expectancy at birth should get children at an 

earlier age than people from countries with better health. Thus, if the trend of aging populations and 

fertility delays continues, the data in the future might contain countries with a higher mean age at 

first birth than they have today. And, if the optimal age for giving birth is 30.5 with respect to the 
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health of the mother, the positive coefficients for the test variable might disappear at later or future 

time periods if the mean age at first birth has increased.  

 

The literature review suggested that there could be multiple channels of the effect of mean age at 

first birth on economic growth, besides the direct effects. These channels could be human capital, 

fertility, health and gender inequality. Table 4 shows the correlation between these variables. It 

seems that there was a positive and strong correlation between the mean age at first birth and human 

capital. Thus, it is possible that fertility delay had a positive correlation with real GDP growth 

because it led to higher human capital. However, the correlation in table 4 does not give us any 

indication of the causality of this correlation between human capital and fertility timing. In regards 

to this, Miller (2009) establishes a positive causal relationship between motherhood delay and 

human capital for the child, even when controlling for the human capital of the mother. In regards 

to reverse causality, Rindfuss et al. (1996) and Kohler, Billari and Ortega (2002) suggest that 

fertility delay is primarily explained by longer educations of the population. Nonetheless, even if 

there is a two-way causation between the mean age at first birth and human capital, delayed 

motherhood should have a positive effect on economic growth if it has a progressive impact on 

human capital.  

 

Table 4 shows a strong negative correlation between the mean ages at first birth and fertility rates. 

This is consistent with the findings of Gustafsson (2001), who argues that fertility delay leads to 

lower fertility due to lower fecundity. In addition, Barro (2003) finds that fertility is inversely 

related to economic growth. Thus, it is possible that finding number 1 (the mean age at first birth 

was positively related to real GDP growth) is due to the intermediate effect on fertility. 

Interestingly, the results of this thesis showed a weak effect of fertility on economic growth when I 

included the mean age at first birth in the model. That is, fertility only yielded a significant result in 

one out of six regressions. Thus, it is possible that the previously suggested inverse relationship of 

fertility and economic growth rates is partly due to the correlation with the mean age at first birth 

because the relationship seems to fade when the timing of motherhood was controlled for. 

 

As shown in the literature review, it has previously been found that gender inequality has a negative 

effect on economic growth (Amin et al., 2015). This finding was supported in one out of the three 

regressions of this study where the gender inequality index (GII) was included in the model. The 
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results for gender inequality were insignificant in the other two regressions. Therefore this study 

gives weak support of the findings of Amin et al. (2015). This could be due to the high correlations 

between gender inequality and the other independent variables, as illustrated in table 4. 

Accordingly, there was an issue of multicollinearity, which made it difficult to assess whether or 

not the mean age at first birth had a positive effect on economic growth through an intermediate 

effect on gender inequality.  

 

With regards to the composition of national GDP, I found partly significant results indicating that 

the share of government consumption of GDP was negatively related to economic growth, whereas 

investments’ share of GDP was positively correlated with economic growth. This is consistent with 

previous findings for these variables (Barro, 2003). Table 4 also illustrates that the mean age at first 

birth is negatively correlated to government consumption, whereas it is positively correlated to 

investments. However, it is difficult to say if the effect of mean age at first birth on economic 

growth is explained by any relationships with the levels of investments and government 

consumption. Nonetheless, one possibility would be to consider how child benefits are correlated to 

the mean age at first birth. According to Walker (1995), people take child benefits into account 

when deciding on the timing of parenthood. If the level of child benefits is also correlated to 

government consumption in general, it could be hypothesised that the mean age at first birth could 

be a channel of how government consumption can have a negative impact on economic growth. 

 

Control variables 

Overall, the results of this paper were quite consistent with the existing literature on the topic of 

economic growth, but some of the results were rather weak, and a few were inconsistent with the 

expectations.  

 

Initial wealth was the control variable with the highest significance in the results. The coefficient 

was negative. This is consistent with the theory that there should be higher growth in countries that 

are poor compared to wealthy countries, which is an important implication of the exogenous growth 

models (Solow, 1956). This relationship is also confirmed empirically by other researchers such as 

Barro (2003) and Mankiw et al. (1992). Specifically, the negative impact of initial wealth on real 

GDP growth implies that there exists conditional beta convergence in the world. Thus, the relative 

income gap shown in figure 1 should decrease in time, all else equal. However, if all else is not 
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equal, and developed countries continue to have higher human capital, better health, lower fertility 

and so on, there might still be unconditional beta divergence in the world. This finding is the 

background for the endogenous growth models. The results of this paper suggest that the 

developing countries now also need to consider the mean age at first birth in addition to the other 

explanatory growth variables. If they can be similar to the developed countries in regards to this 

aspect as well as with respect to the other growth variables, there should be unconditional beta 

convergence, not just conditional convergence.  

 

The results on the effect of inflation were also consistent with the existing literature. That is, I found 

a clear negative relationship between inflation and real economic growth, while Barro (1995) 

argues that a high and unstable inflation leads to lower economic growth. The implication of this 

result is countries should try to keep inflation low and stable. Alesina and Summers (1993) argue 

that central bank independence would be one way to promote this. 

 

The results on the effect of human capital, democracy, government consumption, investments, 

fertility and gender inequality were not as strong as the results on initial wealth and inflation. 

However, the estimates on these variables that were significant were consistent with the existing 

literature. That is, increasing human capital, which I measured as a mix of the quality and quantity 

of education, should have a positive effect on economic growth. The level of democracy should also 

be positively related to real GDP according to Barro (2003). On the other hand, Barro (2003) finds 

that government consumption’s share of total GDP is negatively related to real GDP growth, which 

was also what I found in this thesis. In contrast to this, investments’ share of GDP is positively 

correlated to growth according to both Barro (2003) and this thesis. Amin et al. (2015) find that 

gender inequality has a decreasing effect on income growth, which was supported by the results that 

were statistically significant in this thesis. Finally, I found weak results of the negative effect of 

fertility on real GDP growth, but the sign of the coefficient for this variable was consistent with the 

existing literature because Barro (2003) also finds a negative relationship. More importantly, the 

results of this paper suggest that the timing of fertility, and not the number of children, had a more 

significant correlation with economic growth. 

 

The results on health were even weaker than the results of the variables mentioned above. 

Moreover, they were not consistent since the correlation between health and real GDP growth was 
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significantly positive in two regressions, and significantly negative in one regression. According to 

the existing literature (Weil, 2007), health should be positively correlated to economic growth. 

Thus, I cannot say that the results of this thesis were consistent with the existing literature on the 

topic with regards to health. This might be due to the high correlations between health and the other 

independent variables, as shown in table 4. The strong correlations led to higher variance of the 

results, which increased the standard error of the estimates of health’s relationship with economic 

growth. Similar to this, the results of the change in terms of trade were not consistent either. In 

particular, the coefficients for the change in terms of trade (TOT) were significantly positive in the 

regressions with the whole dataset. This is consistent with the existing literature (Barro, 2003). 

However, the coefficient becomes negative when I made regressions that only included the OECD 

countries. This suggests that an increase in the price of exports relative to the price of imports 

should have an inverse relationship with real GDP growth. This was not a result that I expected to 

find.  

 

6.4 Implications of the findings: 

This sub-section is divided into three parts. First, I consider the economic implications of the results 

of this paper. Then I consider other implications of an increase in the mean age at first birth. 

Finally, I look at the implication of the results of this paper on the existing- and future literature on 

the topic of economic growth. 

 

Economic implications 

The main finding of this thesis is that a delay of motherhood in the population was correlated with 

an increase in economic growth, in general. However, I cannot conclude that all countries would 

benefit economically from delaying motherhood. For example, countries such as Switzerland and 

Australia already have rather late mean ages at first birth, and the results of this study did not prove 

that such countries would benefit from a further delay of motherhood. Moreover, I only considered 

the mean age at first birth for the population. This does not take the variance of this variable into 

account. That is, if the mean age at first birth is 25, some people might become mothers at the age 

of 20, while others become mothers at the age of 30, or all might become mothers at the age of 25. 

In that case, it is possible that it is only beneficial for the country if some segments of its population 

delay motherhood, while other parts of the population do not.  
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Since the results indicated that countries in general have benefited economically from delaying 

motherhood, there could be some policy implications. That is, governments could try to influence 

the behaviour of the population such that those who give birth at an early age would delay 

parenthood. Some suggestions of initiatives are: 

1) Increase the education level of the population. Longer educations have been found to be the 

main explanation for delay of motherhood according to Rindfuss et al. (1996). Thus, if the 

population receives longer educations, they tend to delay fertility. Moreover, education has 

been proven to have a positive on economic growth in itself (Hanushek and Kimko, 2000). 

In addition, education levels are considered to be an important aspect of development, 

besides economic growth. 

2) Increase the health of the population. Among else, Gustafsson (2001) argues that people in 

countries with low life expectancies are incentivised to get children at an earlier age than 

individuals from countries with longer life expectancies. Thus, a country should delay the 

mean age at first birth if it improves the health of the population. Similar to the education 

level, improved health should also have a direct positive effect on growth (Barro, 2003), and 

it is also a goal of development in itself. 

3) Use of contraception. It is generally acknowledged that the use of contraception has a 

delaying effect on the mean age at first birth. Therefore, countries with too low levels of 

mean age at first birth could increase information and use of contraception for the young 

part of the population, which would lead to a higher mean age at first birth, which has had a 

positive effect on the growth in real GDP per capita. 

4) Other incentives for delaying fertility timing. According to the model proposed by Walker 

(1995), people take aspects such as parental leave, child benefits and ability to work or study 

when being a parent into account when deciding on the timing of having children. Based on 

this, it could be proposed that governments should reduce the benefits, or increased the costs 

of having children early in life. This could have a positive effect on the mean age at first 

birth, and thereby on the economic growth of the economy. This is also consistent with the 

findings that government consumption is negatively related to economic growth (Barro, 

2003). However, there are also noticeable disadvantages of policies such as reducing child 

benefits. For example, even though some people could be prevented from having children 

too early, the ones who do get children early would be impaired by a reduction in child 

benefits, and so will the children. Thus, there might be some unintended consequences of 
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such policies. Moreover, even though there could be some economic advantages of making 

it more difficult to be parents at an early age, there could be disadvantages in other aspects 

that offset the advantages. Thus, I cannot conclude that it would be beneficial to decrease 

child benefits or paid parental leave overall, but it could have a positive effect on economic 

growth. 

 

Other implications of delaying motherhood 

This thesis focuses on how the mean age at first birth influences economic growth, but there might 

be other important consequences of delayed motherhood. Some aspects are listed below: 

1) Health. Alonzo (2002) argues that delaying motherhood at later than 35 years of age is bad 

for the health of mother in various ways. Therefore, a delay of the mean age at first birth 

could have some disadvantages with respect to health if it is too severe.  

2) Fertility. Kohler et al. (2002) find that some countries in Southern, Central and Eastern 

Europe have experienced so-called lowest-low fertility levels. Interestingly, the delay of the 

mean age at first birth is suggested to be a main driver of the extreme drop in fertility, which 

has led to the lowest-low levels of less than 1.3 children per woman. Thereby, the fertility 

levels are well below a sustainable level. Even though previous literature finds that fertility 

is negatively related to economic growth (Barro, 2003), there could be some other 

disadvantages for the countries with lowest-low fertility ratios. Previous studies of economic 

growth focus on the growth rate of real GDP per capita. Hence, a low fertility might be 

good for growth in GDP per capita, but that does not necessarily mean that the total GDP is 

benefitted from fertility levels as low as 1.3. Moreover, it could create severe demographic 

problems when too few children are born, and the population is aging. In particular, the 

dependency ratio could be unbalanced in the long run. That is, the share of the population 

below 15 years or above 65 compared to the share of the population in the work force might 

increase in time, which leads to challenges such as budget deficits and labour shortages. On 

the other hand, the average fertility rate in the world is still 2.5 (World Bank, 2016), so this 

is not a global issue.  

3) Gender gap. Fuchs (1989) argues that a delay of motherhood has a decreasing effect on the 

gender gap with respect to salaries between men and women. This view is also supported by 

Sonfield et al. (2013) who make a summary of the literature on the topic.  
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4) Education. Sonfield et al. (2013) also find that teenage motherhood has a negative impact on 

the ability of women to finish their high school and college educations in the US. In addition 

to this, Miller (2009) finds a causal link between fertility delay and human capital for the 

child. In relation to this, Sonfield et al. (2013) also argue that fertility delay has a positive 

effect on the investments in children’s education. Thus, delaying motherhood could have a 

positive effect on human capital both for the mother and for the child, specifically when 

women are giving their first birth at a very early age.  

5) Relationship issues. Sonfield et al. (2013) argue that early and unplanned births could have a 

negative impact on relationship satisfaction and increase conflicts between parents. In this 

sense, it would also be better to delay motherhood, for example by using contraception. 

6) Maturity as parents. Finally, Sonfield et al. (2013) find that teenagers are less likely to be 

prepared for motherhood, which influences the upbringing of the children, and the 

relationships within families. Moreover, delaying parenthood is generally also associated 

with a more stable economic situation and stability on the family level.  

 

Implications for existing and future research on the area of economic growth 

Since the results for the effect of the mean age at first birth were significant, this thesis identified a 

new explanatory growth variable in addition to the existing findings of the literature. Therefore, the 

mean age at first birth should be considered when other researchers propose an economic growth 

model. In other words, it is relevant to control for the effects of the mean age at first birth when 

studying other potential explanatory growth variables. In particular, studies on how fertility affects 

economic growth should take the timing of fertility into account, and not just focus on the total 

fertility rate. If the mean age at first birth is omitted from a growth equation, it will remain in the 

error term. Thus, the effects of other growth variables such as fertility might involve spurious 

relationships if they do not keep other relevant variables fixed.  
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7. Limitations and further research: 

7.1 Introduction to limitations and further research: 

In this section, I will start by listing the limitations of this thesis. There are limitations in the areas 

of data availability and the methodology. Then, I will suggest how this topic could be further 

studied. 

 

7.2 Limitations of the thesis: 

Data availability 

A natural limitation of this study is the number of observations available. This number is limited 

because there are only a certain amount of countries in the world, so I would never be able to get 

hundreds of observations, which could be the case if the cross section analysis was about companies 

or individuals. However, I could have mitigated this challenge by dividing countries into regions. 

By that, I am referring to regions within a country such as states in the U.S. or Bundesländer in 

Germany. That it, I do not refer regions in the sense of a collection of countries such as the Middle 

East or South East Asia. By dividing countries into regions, I would increase the number of 

observations. However, it might be difficult to obtain all the data necessary for each region with 

regards to variables such as democracy or gender inequality. On the other hand, it would be a good 

way to keep other variables fixed. For example, states in the U.S. have similar inflation, openness to 

trade and terms of trade, unless the interstate trade is considered instead. Moreover, the number of 

observations is limited due to lack of data on some countries. This constitutes a potential issue of 

selection bias because it is not random which countries that lack available data. The countries 

without data tend to be less developed, and score badly in relation to democracy and openness. 

Thus, the results of this study might have been affected by excluding countries with these 

characteristics.  

 

This thesis is also limited by the time availability of the data. That is, I only had data from 1970-

2011. This is a potential issue because some of the variables, specially the mean age at first birth, 

change over time. Since the values for this variable change over time, the results might also be 

dependent on which period I used for the regressions. Figure 7 shows the distribution of the data. 

This distribution might change in the future because people tend to delay the birth of their first child 

as the countries they live in develop. In the future, there might be countries with the mean age at 

first birth above the current maximum of 30.5 years, and there might be fewer countries where the 
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mean age at first birth is below 20. Therefore, the conclusion that the mean age at first birth has had 

a positive effect on economic growth from 1970-2011 does not necessarily mean that I can infer 

that this relationship will also apply to future economic growth.  

 

Methodology 

In regards to the methodology, it is a limitation to this study that I did not include all explanatory 

growth variables in the model for economic growth. However, I did include 12 independent 

variables. Nonetheless, other variables have been proven to have significant effects on economic 

growth. These include political instability (Barro, 1991), climate and urban agglomeration (Naudé, 

2004) and ethnolinguistic- and religious fractionalization (Alesina et al., 2003), but there are also 

many other explanatory variables for growth. The omitance of these variables from the growth 

model meant that they were in the error term. However, there would be some issues about including 

them in the model. One issue would be about data availability. If I expanded the number of 

variables in the regression models, there would have been fewer observations because it is not all 

countries that have data available with regards to all variables. Moreover, the issue of 

multicollinearity would increase as if I included more variables to the model. Finally, the degrees of 

freedom would decrease, while the variance of each explanatory growth variable would increase if I 

expanded the number of variables. This would have a negative effect on the significance of the 

results.  

 

The potential issue of non-linearity is another limitation of this study. Figure 11 shows a slight sign 

of non-linearity. However, I only investigated the relationship between the mean ages at first birth 

with a linear model. Thus, the effect of the mean age at first birth on income growth might depend 

on the value of the mean age at first birth. That is, the effect of delaying motherhood by one year 

might be different if the average age is 20, than the effect of delaying the first birth by one year if 

the mean age at first birth is already 30. Table 14 shows that the positive effect of the mean age at 

first birth is less significant for the OECD countries from 1970-1995 than it is for the whole dataset. 

Moreover, table 16 actually indicates a negative sign of the coefficient for the mean age at first birth 

for the OECD countries from 1995-2011. In relation to this, the OECD countries had higher values 

of the mean age at first birth than the whole dataset, especially in the latest period of time. 
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This thesis, like other academic research that uses non-experimental data, has an issue of causality. 

That is, a regression of real GDP growth on the mean age at first birth shows how the variables are 

correlated, but it does not determine the direction of causality. It could be possible that there is 

reverse causality such that the mean age at first birth is determined by real income growth. 

Moreover, it is possible that I have omitted a variable that explains both economic growth and the 

mean age at first birth. Theoretically, conducting a controlled experiment between countries, and 

test the impact on real GDP growth if one group of countries delays motherhood could mitigate this 

issue. In practice however, such an experiment is of course not possible to perform. Another option 

would be to find an appropriate instrumental variable. I discussed this possibility in the discussion 

section, but I concluded that I could not find an instrumental variable that would be feasible. Thus, I 

have not solved the issue of endogeneity, which is a clear limitation of this paper. Therefore, I can 

conclude that there was a significant correlation between economic growth and the mean age at first 

birth, but I cannot with certainty determine the direction of causality. 

 

7.3 Further research: 

This thesis tests a potential explanatory variable for economic growth that has not been tested 

before. Thereby, I open a new sub-topic within the area of research on economic growth. However, 

this paper is not exhaustive in the study of this new potential driver of income growth. Therefore, I 

encourage other researchers to investigate this topic further.  

 

I have chosen to focus this thesis on the effect of the mean age at first birth on economic growth. 

Instead, I could have investigated the effects of fertility timing in general. That is, existing literature 

look into the economic effects of total fertility rates, but not the timing of fertility. The mean age at 

first birth is just one potential variable in the category of fertility timing. Therefore, it would be 

interesting to study whether it is only the timing of giving birth to the first child that is important for 

economic growth, or of it the timing of fertility in general. Thus, it is encouraged that others 

conduct the same study as this, but use the mean age at birth, not the mean age at first birth as the 

independent variable. Moreover, since I only considered the mean value, it would also be 

interesting to segment the population and test if countries would benefit if some segments delayed 

motherhood. For example, using the adolescent birth rate as a test variable could be interesting. 
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Since I found a small sign of non-linearity, and the effect of the mean age at first birth diminishes as 

the countries in the data get higher values of mean age at first birth, it would be interesting to 

investigate this topic further by elaborating on the potential presence of non-linearity. In other 

words, I encourage others to test if the effect of mean age at first birth on income growth is only 

positive within a certain interval of ages, or if there is a certain cut-off point where delaying 

motherhood no longer improves real economic growth if the mean age at first birth is above that 

threshold.  

 

This thesis is a cross sectional analysis of countries. Instead, other researchers could investigate the 

same topic by making a cross section analysis of regions within a country. That is, the observations 

could have been states within large countries such as the U.S., Germany or Japan. This approach of 

looking at regional growth within a country has been conducted within the topic of economic 

convergence (Sala-i-Martin, 1996).  

 

Finally, it would be interesting to investigate this topic further on an overall level of methodology. 

This thesis has an empirical focus. Instead, other researchers could study the topic from a more 

theoretical aspect, or make a qualitative study. This would improve the arguments for the 

explanations of my results – why was the mean age at first birth positively correlated with real 

economic growth? 

 

8. Conclusion: 

8.1 Overall conclusion of the thesis: 

The research question of this thesis was: Does the mean age at first birth have an effect on growth 

in real GDP per capita? 

The answer to this question is yes, when looking at the whole period from 1970-2011, or at the sub-

period from 1970-1995, the mean age at first birth was positively correlated to real economic 

growth. For these periods, the estimated effect of a one-year delay of motherhood was between 

0.14%-0.39% increase in real GDP growth per capita per year. This is the main conclusion of this 

thesis. Next, I will make conclusions of each section of the thesis. 
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8.2 Conclusion of literature review and background: 

The level of income and living standards vary greatly across countries in the world. The topic of 

economic growth is about investigating the drivers behind these income differences. The exogenous 

growth models pioneered by Solow (1956) imply that the long-run growth depends on the savings 

and investments in worker productivity and technological progress. Diminishing returns to capital 

imply that the relatively poor countries should converge conditionally with the wealthy countries 

because they have higher returns on investments. In contrast to this, endogenous growth models 

imply that there is divergence of income levels in the world (Romer, 1986; Rebelo, 1991; Lucas, 

1988). In extension to this, Barro (2003) and other researchers have identified specific explanatory 

growth variables such as human capital, health, inflation and openness to trade. Fertility has also 

been identified to have a significant effect on real economic growth, but the timing of fertility has 

not been tested as an explanatory factor for differences in income growth. Therefore, the aim of this 

paper is to test whether or not the mean age at first birth affects growth in GDP per capita.  

 

A potential growth variable is not relevant to test if there is no motivation for why such a variable 

would have an effect on GDP growth. Therefore, I identified several channels on how the mean age 

at first birth could impact economic growth. Firstly, it has been found that delaying motherhood 

improves the number of hours worked and the wage rate for women (Miller, 2011). Thus, there is 

reason to suspect that the mean age at first birth could have a direct effect on macroeconomic 

growth as well. Besides from this, the mean age at first birth is positively correlated to human 

capital of both the child (Miller, 2009) and the mother (Sonfield et al., 2013), negatively correlated 

to fertility (Gustafsson, 2001), positively correlated to health until a certain point (Mirowsky, 2002) 

and negatively correlated to gender inequality (Fuchs, 1989). Therefore, the mean age at first birth 

could affect growth through multiple channels. These findings all point in the same direction – 

delaying motherhood should be positively correlated to real economic growth.  

 

8.3 Conclusions of methodology: 

Overall, I made cross sectional analyses using the OLS model with both simple and multiple 

regressions. Real GDP growth per capita on a constant price level was dependent variable. I used 

the mean age at first birth as the test variable, while I controlled for 11 other independent variables. 

The dataset included data from 100 countries. I only excluded countries that did not have sufficient 

data, had a population below one million, or have an economy that is significantly dependent on oil. 
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I also segmented the dataset into a few sub-samples in order to take time variations and the group of 

countries into account. Thus, I split the time period into two parts – 1970-1995 and 1995-2011 in 

addition to making regression for the whole time period. Moreover, I made a sub-sample only 

consisting of the OECD countries.  

 

Before doing the OLS regressions, I analysed the data in order to test the appropriateness of the 

econometric model. In most of the samples, there were no issue of heteroskedasticity or non-

linearity. In the sample that had too high heteroskedasticity, I used heteroskedasticity consistent 

standard error in order to mitigate this issue. However, I did find an issue of multicollinearity in two 

of the data samples. Therefore, I also made regressions where I excluded the gender inequality 

index (GII) from the econometric model, and I also excluded health from some regressions. These 

modifications reduced the VIF to acceptable levels.  

 

8.4 Conclusion of results: 

I found significant results for the correlation between the mean age at first birth and economic 

growth in the four regressions where the time periods were from 1970-1995 or 1970-2011. The 

estimated coefficients for the variable in these regression ranged from 0.14%-0.39%. Thus, the 

delay of motherhood by one year was estimated to result in a growth in the annual real GDP growth 

per capita with this amount. All the samples of countries yielded significant results for the mean age 

at first birth, so the results were not only valid for a certain group of countries. However, the results 

for the time period of 1995-2011 were not statistically significant. Moreover, I found that the results 

for the mean age at first birth became more significant in the regressions where I excluded the 

gender inequality index from the model.  

 

The results for the control variables were generally consistent with the existing literature, but the 

significance of the estimates varied.  

 

8.5 Conclusion of discussion: 

When discussing the results, I tried to find an appropriate instrumental variable in order to mitigate 

the issues of causality and endogeneity. However, I was not able to identify a variable that had both 

instrument relevance and instrument exogeneity, and which was not already been identified as a 

driver of economic growth.  
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Based on the background and literature on the topic, I hypothesised that the mean age at first birth 

would be positively related to real economic growth. The results were consistent with this 

hypothesis. When discussing the possible explanations of the results, I could not rule out any of the 

suggested channels of how the mean age at first birth has a positive impact on real GDP growth. 

That is, the data showed that the mean age at first birth was positively correlated with human capital 

and health, while it was negatively related to fertility and gender inequality. However, I cannot 

make conclusions on the causality between these variables, so I do not know which of the channels 

causes the positive correlation between fertility timing and income growth.  

 

The policy implications of this paper is that governments may influence growth in GDP per capita 

by implementing policies that affect the delay of motherhood. These include promoting longer 

educations for the population, improving the health of the population, advancing the use of 

contraception and providing incentives for delaying parenthood. These implications are particularly 

important for countries with relatively low mean ages of first birth.  

 

The results of this thesis are also important for other researchers in this field. A new explanatory 

variable for growth has been identified; so future research on the topic should consider controlling 

for the mean age at first birth when conducting regressions on other growth variables. This is 

especially important for studies on the effects of fertility on economic growth since the timing of 

fertility is important in addition to the number of children born per woman.  

 

8.6 Conclusion of limitations and further research: 

This thesis has a number of limitations. Firstly, I have been limited by the data available. If the 

number of observations had been higher, the results might have been more significant. Moreover, 

the data is limited with respect to the time periods. That is, the mean age at first birth has been 

rather low in many countries, but the ages at first birth are generally increasing over time. The 

effects of this delay of motherhood will be interesting to study at a future point of time. Secondly, 

this study used a limited number of control variables even though more explanatory growth 

variables have been identified. Thirdly, there was a small sign of non-linearity for the effect of 

mean age at first birth on economic growth, but I have only used a linear model to test the effect. 
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Finally, I have not conducted an empirical analysis of endogeneity because I was not able to find 

any feasible instrumental variables.  

 

I encourage further research on this area in regards to the use of regional data instead of cross 

sections of countries. Moreover, it would also be interesting to study the effect of overall fertility 

timing on economic growth by changing the test variable to the mean age at all births instead of the 

mean age at first birth. In addition to this, it should be investigated if the effect of the mean age at 

first birth on economic growth depends on the value of the mean age at first birth. In other words, 

delaying motherhood might be beneficial if people give birth at a very early age, while it is less 

beneficial to delay motherhood further if the mean age at first birth is already high. For example, 

this could be studied by using the adolescent birth rate as the test variable. Additionally, this thesis 

is an empirical study, but the topic could also be studied in a more theoretical or qualitative 

approach.  

 

Finally, this paper focuses on the effect of mean age at first birth on economic development. There 

might be other aspects of development that are affected differently by a delay of motherhood. 

Therefore, I cannot conclude whether or not delaying motherhood is good or bad on an overall 

level.  
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Appendix	  1:	  Sample	  with	  all	  countries	  
	  
Country	   Age1b	   GDP_growth	   Initial_wealth	   Human_capital	   Fertility	   Openness	   TOT	   GII	   Health	   Investments	   Govt._cons.	   Democracy	   Inflation	  
Albania	   23,9	   2,0%	   3,502	   2,077	   5,16	   0,16	   0,1%	   0,22	   66,93	   30,8%	   21,6%	   67	   17,6%	  
Armenia	   24,1	   2,8%	   3,506	   3,012	   1,63	   0,21	   0,1%	   0,32	   68,76	   17,4%	   23,1%	   46	   305,0%	  
Australia	   30,5	   1,7%	   4,281	   2,964	   2,86	   0,34	   0,1%	   0,11	   71,02	   28,7%	   13,6%	   98	   6,0%	  
Austria	   28,2	   2,2%	   4,167	   2,154	   2,31	   0,79	   0,0%	   0,05	   69,91	   26,9%	   15,5%	   95	   3,5%	  
Bangladesh	   18,1	   1,8%	   2,955	   1,203	   6,08	   0,11	   -‐0,5%	   0,50	   47,53	   14,2%	   10,6%	   49	   10,5%	  
Belgium	   27,7	   2,0%	   4,178	   2,438	   2,24	   1,85	   -‐0,1%	   0,06	   70,97	   27,5%	   18,4%	   96	   3,8%	  
Benin	   20	   1,0%	   3,033	   1,120	   7,08	   0,18	   0,0%	   0,61	   42,35	   9,7%	   19,0%	   82	   5,8%	  
Bolivia	   21,2	   0,8%	   3,438	   1,711	   6,81	   0,32	   0,5%	   0,44	   45,66	   12,9%	   21,5%	   68	   355,0%	  
Brazil	   22,1	   2,2%	   3,582	   1,457	   5,15	   0,16	   0,0%	   0,46	   59,15	   20,3%	   15,5%	   81	   286,9%	  
Bulgaria	   26,6	   3,2%	   3,507	   2,409	   2,17	   0,26	   0,2%	   0,21	   71,26	   16,6%	   25,7%	   80	   53,9%	  
Burundi	   21,3	   0,2%	   2,829	   1,151	   6,13	   0,15	   0,0%	   0,49	   43,78	   8,3%	   15,9%	   19	   10,8%	  
Cambodia	   22,8	   1,4%	   3,117	   1,364	   7,01	   0,18	   0,0%	   0,48	   41,57	   11,5%	   9,9%	   32	   4,0%	  
Cameroon	   19,4	   0,5%	   3,259	   1,274	   6,38	   0,25	   -‐0,1%	   0,59	   46,08	   14,2%	   17,9%	   24	   5,7%	  
Canada	   27,6	   1,8%	   4,255	   2,763	   2,26	   0,62	   0,2%	   0,13	   72,70	   25,1%	   15,2%	   99	   4,6%	  
Centr.	  Afr.	  Rep.	   19,4	   -‐1,0%	   3,079	   1,113	   5,84	   0,13	   0,1%	   0,66	   41,94	   13,0%	   16,9%	   7	   6,2%	  
Chile	   23,7	   2,6%	   3,705	   2,109	   3,57	   0,34	   -‐0,6%	   0,34	   62,77	   19,7%	   18,6%	   95	   57,3%	  
Columbia	   21,4	   2,0%	   3,574	   1,690	   4,54	   0,15	   0,2%	   0,43	   60,87	   21,1%	   10,7%	   63	   18,4%	  
Congo	   19,8	   1,3%	   3,348	   1,323	   6,99	   0,83	   0,8%	   0,59	   53,36	   14,0%	   30,7%	   28	   7,9%	  
Costa	  Rica	   22,2	   2,0%	   3,638	   1,695	   4,92	   0,48	   0,3%	   0,35	   66,46	   12,4%	   15,6%	   90	   17,1%	  
Cote	  d'Ivoire	   19,5	   -‐0,8%	   3,377	   1,185	   6,76	   0,44	   -‐0,2%	   0,68	   43,74	   7,9%	   17,3%	   51	   6,7%	  
Croatia	   27,1	   0,6%	   4,123	   2,506	   1,48	   0,54	   0,1%	   0,15	   72,08	   22,2%	   23,5%	   87	   4,1%	  
Czech	  Republic	   27,4	   1,8%	   4,196	   3,101	   1,27	   0,78	   -‐0,6%	   0,09	   73,07	   23,8%	   27,9%	   95	   6,9%	  
Dem.	  Rep.	  
Congo	   20,2	   -‐2,7%	   3,053	   1,169	   6,22	   0,23	   0,0%	   0,67	   43,84	   22,5%	   10,6%	   25	   959,6%	  
Denmark	   28,4	   1,5%	   4,248	   2,666	   1,96	   0,87	   0,1%	   0,05	   73,34	   25,2%	   21,3%	   98	   4,9%	  
Dominican	  Rep.	   20,3	   3,2%	   3,397	   1,626	   6,2	   0,46	   0,1%	   0,48	   58,54	   17,4%	   12,1%	   70	   14,7%	  
Equador	   21,1	   2,2%	   3,459	   1,780	   5,9	   0,33	   -‐0,3%	   0,41	   57,77	   22,5%	   22,8%	   59	   4,6%	  
Egypt	   22,9	   3,7%	   3,160	   1,191	   4,54	   0,19	   0,0%	   0,57	   52,12	   9,7%	   26,3%	   27	   10,3%	  
El	  Salvado	   20,8	   1,1%	   2,417	   1,455	   6,13	   4,26	   -‐1,4%	   0,43	   55,00	   18,3%	   44,0%	   69	   5,5%	  



	  
Country	   Age1b	   GDP_growth	   Initial_wealth	   Human_capital	   Fertility	   Openness	   TOT	   GII	   Health	   Investments	   Govt._cons.	   Democracy	   Inflation	  
Estonia	   26,1	   2,5%	   4,002	   2,777	   1,32	   1,23	   -‐0,1%	   0,16	   67,54	   24,5%	   28,9%	   94	   7,2%	  
Finland	   28,2	   2,3%	   4,117	   2,281	   1,82	   0,8	   -‐0,1%	   0,08	   70,18	   30,7%	   18,3%	   100	   5,4%	  
France	   28,6	   1,7%	   4,170	   1,845	   2,47	   0,5	   0,0%	   0,09	   71,66	   23,6%	   18,4%	   91	   4,7%	  
Germany	   30	   1,9%	   4,208	   1,893	   2,02	   0,73	   0,0%	   0,04	   70,64	   25,4%	   15,4%	   95	   2,7%	  
Ghana	   21,8	   0,8%	   3,330	   1,615	   7,04	   0,34	   0,1%	   0,55	   49,33	   15,9%	   12,7%	   83	   32,1%	  
Greece	   29,2	   1,5%	   4,048	   2,206	   2,43	   0,32	   -‐0,1%	   0,15	   70,90	   28,8%	   15,5%	   83	   11,4%	  
Guatemala	   20,2	   1,0%	   3,416	   1,276	   5,75	   0,34	   -‐0,1%	   0,53	   52,05	   10,0%	   14,8%	   54	   10,1%	  
Honduras	   20	   1,1%	   3,296	   1,374	   7,5	   0,44	   0,1%	   0,48	   52,52	   14,7%	   14,9%	   45	   10,1%	  
Hong	  Kong	   29,8	   4,4%	   3,974	   2,156	   3,31	   2,01	   1,3%	   0,19	   71,45	   23,4%	   6,7%	   83	   5,4%	  
Hungary	   27,4	   2,1%	   3,845	   2,587	   1,98	   0,71	   -‐0,1%	   0,21	   69,16	   21,5%	   27,0%	   79	   10,9%	  
India	   19,9	   3,4%	   2,977	   1,235	   5,35	   0,08	   0,0%	   0,56	   47,73	   20,5%	   17,0%	   77	   7,7%	  
Indonesia	   22,5	   4,1%	   2,946	   1,464	   4,78	   0,26	   0,9%	   0,49	   54,53	   18,3%	   14,7%	   65	   14,5%	  
Ireland	   28,9	   3,2%	   4,075	   2,693	   3,85	   1,19	   -‐0,1%	   0,11	   71,00	   24,4%	   16,5%	   96	   6,4%	  
Israel	   27	   2,0%	   4,075	   2,643	   3,91	   0,62	   0,3%	   0,10	   71,21	   26,2%	   33,6%	   80	   41,8%	  
Italy	   29,9	   1,7%	   4,144	   2,014	   2,41	   0,44	   -‐0,1%	   0,07	   71,56	   26,5%	   15,1%	   89	   7,8%	  
Jamaica	   19,2	   0,0%	   3,615	   1,859	   5,54	   0,62	   0,4%	   0,43	   68,19	   18,1%	   23,0%	   75	   17,5%	  
Japan	   29,9	   2,1%	   4,126	   2,595	   2,1	   0,28	   -‐0,3%	   0,13	   71,95	   32,0%	   14,6%	   96	   2,5%	  
Kazakhstan	   24,9	   2,5%	   3,877	   2,487	   2,1	   0,33	   1,7%	   0,27	   64,92	   20,5%	   21,7%	   24	   227,3%	  
Kenya	   19,8	   0,6%	   3,118	   1,338	   7,6	   0,25	   -‐0,2%	   0,55	   52,23	   11,2%	   19,3%	   51	   10,5%	  
Korea	   29,9	   6,1%	   3,422	   2,166	   4,27	   0,51	   -‐0,1%	   0,13	   62,04	   33,0%	   12,4%	   83	   8,7%	  
Kyrgyzstan	   23,4	   -‐0,7%	   3,469	   2,577	   3,36	   0,21	   0,2%	   0,35	   65,79	   10,2%	   29,2%	   38	   99,4%	  
Latvia	   25,6	   1,0%	   4,012	   2,551	   1,25	   0,55	   -‐0,1%	   0,17	   66,39	   20,2%	   29,0%	   86	   6,2%	  
Lesotho	   21,2	   2,7%	   2,922	   1,603	   5,62	   0,72	   0,5%	   0,54	   48,91	   20,7%	   21,0%	   67	   10,4%	  
Liberia	   19,1	   -‐2,6%	   3,216	   1,165	   6,66	   0,67	   -‐0,4%	   0,65	   39,30	   14,4%	   8,7%	   61	   5,3%	  
Lithuania	   26,1	   1,3%	   4,079	   2,712	   1,49	   0,85	   0,3%	   0,13	   69,01	   15,2%	   30,4%	   91	   4,5%	  
Malawi	   18,9	   0,9%	   2,802	   1,234	   6,65	   0,25	   -‐0,2%	   0,61	   40,51	   18,7%	   15,1%	   64	   18,0%	  
Mali	   18,6	   1,9%	   2,709	   1,040	   7,1	   0,25	   0,1%	   0,68	   32,39	   11,0%	   23,2%	   45	   6,1%	  
Mauritania	   21,9	   0,1%	   3,426	   1,251	   5,01	   0,56	   1,0%	   0,61	   49,11	   22,1%	   26,4%	   30	   9,4%	  
Mexico	   20,8	   1,4%	   3,847	   1,610	   6,56	   0,27	   0,0%	   0,37	   61,35	   22,6%	   11,6%	   65	   26,8%	  
Moldova	   23,1	   -‐1,3%	   3,711	   2,621	   1,75	   0,38	   -‐0,1%	   0,25	   66,73	   14,9%	   29,1%	   60	   113,9%	  



Country	   Age1b	   GDP_growth	   Initial_wealth	   Human_capital	   Fertility	   Openness	   TOT	   GII	   Health	   Investments	   Govt._cons.	   Democracy	   Inflation	  
Mongolia	   22,3	   2,7%	   3,282	   1,556	   7,49	   0,18	   0,1%	   0,33	   55,35	   29,5%	   29,7%	   86	   32,0%	  
Morocco	   25,4	   2,2%	   3,286	   1,141	   6,88	   0,29	   -‐0,2%	   0,53	   52,54	   19,4%	   19,9%	   41	   5,0%	  
Mozambique	   18,8	   2,1%	   2,608	   1,144	   6,7	   0,36	   0,2%	   0,59	   39,24	   12,8%	   8,2%	   56	   26,8%	  
Nepal	   20,1	   1,6%	   2,835	   1,069	   6,3	   0,09	   0,1%	   0,49	   40,50	   16,7%	   18,2%	   51	   9,0%	  
Netherlands	   29,2	   1,8%	   4,274	   2,594	   2,58	   1,2	   0,0%	   0,06	   73,59	   23,2%	   18,6%	   99	   3,6%	  
New	  Zealand	   27,7	   1,2%	   4,183	   3,210	   3,15	   0,52	   0,1%	   0,16	   71,27	   22,9%	   18,7%	   98	   5,6%	  
Niger	   18	   -‐1,4%	   3,102	   1,061	   7,5	   0,18	   0,5%	   0,71	   36,27	   18,9%	   24,7%	   52	   5,5%	  
Pakistan	   22,7	   2,1%	   3,098	   1,235	   6,27	   0,13	   0,1%	   0,54	   52,88	   13,7%	   17,1%	   41	   10,4%	  
Panama	   21,1	   2,8%	   3,690	   1,929	   5,07	   0,41	   -‐0,2%	   0,45	   65,55	   20,4%	   20,7%	   83	   4,5%	  
Paraguay	   22,9	   1,9%	   3,364	   1,734	   5,86	   0,31	   0,4%	   0,47	   65,43	   17,8%	   11,7%	   64	   14,3%	  
Peru	   22,3	   1,1%	   3,718	   1,816	   4,12	   0,21	   0,0%	   0,41	   53,45	   18,5%	   17,8%	   71	   262,0%	  
Philippines	   23,1	   1,3%	   3,419	   1,970	   4,42	   0,26	   -‐0,2%	   0,42	   60,81	   19,2%	   17,8%	   65	   10,6%	  
Poland	   25,9	   2,6%	   3,784	   2,346	   2,23	   0,29	   0,1%	   0,14	   69,87	   18,3%	   24,2%	   93	   13,2%	  
Portugal	   27,9	   2,3%	   3,905	   1,661	   3,1	   0,48	   0,0%	   0,11	   67,07	   26,9%	   17,4%	   97	   10,1%	  
Romania	   25,5	   3,0%	   3,516	   2,263	   2,89	   0,24	   0,1%	   0,33	   68,06	   23,1%	   23,8%	   83	   61,6%	  
Russia	   24,6	   0,7%	   4,107	   2,875	   1,33	   0,28	   0,2%	   0,28	   65,22	   20,7%	   27,0%	   22	   151,3%	  
Rwanda	   22,9	   1,3%	   2,857	   1,167	   8,49	   0,09	   0,1%	   0,40	   44,29	   6,9%	   25,8%	   24	   10,0%	  
Senegal	   21,4	   0,2%	   3,248	   1,354	   6,44	   0,42	   0,0%	   0,53	   39,22	   8,9%	   22,4%	   78	   5,2%	  
Serbia	   26,5	   -‐1,1%	   4,067	   2,546	   1,83	   0,38	   0,1%	   0,18	   72,04	   14,2%	   28,9%	   78	   27,4%	  
Sierra	  Leone	  	   19	   -‐0,6%	   3,159	   1,124	   6,51	   0,31	   0,4%	   0,65	   34,61	   4,5%	   19,6%	   65	   29,8%	  
Singapore	   29,8	   4,9%	   3,849	   1,926	   3,1	   3,14	   -‐0,1%	   0,09	   68,28	   46,9%	   13,6%	   51	   2,9%	  
Slovakia	   26,7	   2,6%	   4,055	   3,039	   1,51	   0,83	   -‐0,9%	   0,16	   72,25	   22,2%	   28,0%	   89	   5,3%	  
Slovenia	   28,9	   1,9%	   4,204	   3,090	   1,29	   1,1	   -‐0,2%	   0,02	   73,96	   26,7%	   19,1%	   92	   5,0%	  
South	  Africa	   22,5	   0,6%	   3,912	   1,815	   4,94	   0,27	   0,4%	   0,41	   52,85	   19,7%	   14,0%	   79	   11,3%	  
Spain	   29,3	   2,0%	   4,059	   1,842	   2,82	   0,36	   -‐0,1%	   0,10	   72,03	   27,1%	   14,5%	   95	   7,8%	  
Sri	  Lanka	   25,4	   3,5%	   3,177	   2,354	   4,22	   0,2	   0,1%	   0,37	   64,28	   17,6%	   25,2%	   55	   11,3%	  
Sudan	   23,5	   1,9%	   3,114	   1,103	   6,16	   0,07	   0,0%	   0,59	   52,22	   5,9%	   6,3%	   6	   32,5%	  
Sweden	   28,9	   1,7%	   4,237	   2,573	   1,94	   0,88	   -‐0,2%	   0,06	   74,65	   23,4%	   23,8%	   100	   5,4%	  
Switzerland	   30	   1,0%	   4,451	   2,685	   2,09	   0,84	   0,4%	   0,03	   73,02	   31,6%	   7,4%	   96	   1,9%	  
Tadjijistan	   21,8	   -‐1,9%	   3,622	   2,795	   3,62	   0,18	   -‐0,3%	   0,36	   62,39	   5,6%	   39,6%	   16	   150,2%	  
Tanzania	   19,6	   1,4%	   2,893	   1,365	   7,1	   0,2	   0,1%	   0,55	   46,68	   18,3%	   44,6%	   60	   16,8%	  



Country	   Age1b	   GDP_growth	   Initial_wealth	   Human_capital	   Fertility	   Openness	   TOT	   GII	   Health	   Investments	   Govt._cons.	   Democracy	   Inflation	  
Thailand	   23,3	   4,1%	   3,259	   1,625	   6,11	   0,38	   -‐0,1%	   0,38	   59,39	   26,1%	   19,3%	   32	   4,9%	  
Togo	   20	   -‐0,8%	   3,184	   1,121	   6,64	   0,29	   0,2%	   0,59	   46,54	   15,8%	   18,2%	   48	   5,8%	  
Tunesia	   24,5	   3,0%	   3,435	   1,266	   6,09	   0,42	   0,3%	   0,24	   51,14	   17,4%	   20,6%	   79	   6,5%	  
Turkey	   22,9	   2,5%	   3,682	   1,385	   4,31	   0,17	   0,0%	   0,36	   52,26	   23,1%	   13,1%	   53	   42,9%	  
Uganda	   18,8	   0,8%	   2,991	   1,223	   7,12	   0,14	   0,1%	   0,54	   48,82	   12,4%	   13,4%	   36	   37,7%	  
Ukraine	   25,8	   -‐1,1%	   3,949	   2,838	   2,05	   0,26	   0,3%	   0,29	   67,14	   16,3%	   27,2%	   61	   313,4%	  
United	  
Kingdom	   29,9	   1,9%	   4,169	   2,382	   2,41	   0,5	   -‐0,1%	   0,18	   71,97	   19,5%	   18,9%	   95	   6,5%	  
United	  States	   25	   1,8%	   4,304	   3,095	   2,45	   0,2	   -‐0,1%	   0,28	   70,81	   21,8%	   11,6%	   90	   3,7%	  
Vietnam	   22,6	   4,3%	   2,823	   1,685	   5,9	   0,2	   0,0%	   0,31	   59,74	   15,5%	   16,3%	   20	   61,3%	  
Zambia	   19,2	   -‐0,7%	   3,353	   1,491	   6,65	   0,66	   -‐1,2%	   0,59	   49,02	   10,6%	   34,8%	   60	   31,6%	  
Zimbabwe	   20,5	   -‐0,3%	   3,690	   1,521	   6,74	   0,13	   -‐0,1%	   0,50	   54,90	   14,7%	   23,2%	   32	   3,5%	  

	  


