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Abstract
There are two key criticisms of most of the existing empirical studies into income diversity 
across countries and generations. The first relates to misspecification resulting from too 
narrow and most often inappropriate proxies for human capital. The second has to do with 
the inability of most of these studies to incorporate and account for the high degree of 
heterogeneity among countries in terms of, say, infrastructure, technological base, 
institutions, political stability and other country specific factors. This may lead to biased
(misleading) and highly inefficient (imprecise) estimators.

This paper represents an attempt to address these issues. Towards this end, it proxied 
human capital with the “level of education attainment”, which is undoubtedly broader and 
relatively more appropriate than the “literacy rate” as employed by Romer (1989), and 
“secondary school enrolment rate” by Mankiw et al (1992). Methodologically, we remedied 
the issue heterogeneity and the resultant biased and inefficient estimators through the Panel 
Data Approach. The various statistical tests we performed clearly confirm the 
appropriateness of the panel data approach.

The findings suggest that human capital is vital in explaining why standards of living are 
much higher t oday than they were 50, 100, 200 years ago and why people in some parts of 
the world still live on less than one dollar a day. Finally, in contrast to our expectations, 
human capital is weakly significant in explaining income diversity among low-income 
countries. This highlights the issues of quality of education in developing countries, out-
migration of skilled labour, unemployment/underemployment, and the issues of 
appropriate incentives.
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1. INTRODUCTION
The generations of the twenty-first century have access to better medical services, nutrition, 
shelter and are wealthier than the generations of the previous centuries. Just about half a 
century ago, nobody could have possibly imagined personal computers, their versatility and 
widespread availability as known to us today. What is more, it takes hours and obviously costs 
far less to travel around the world today: an adventure that cost fortunes, lives, years, and 
enormous courage to accomplish in the days of Christopher Columbus1 and his 
contemporaries. Indeed, it is not only the transport element of communication that has seen 
tremendous improvement, other aspects such as telecommunication via the internet and 
satellites have seen a revolution that is akin to the industrial revolution: a revolution that has 
made the world a global village. In sum, the well-being of a typical child born today is better
than that of a representative child born 200 years, 100 or even just half a century ago. Thus, 
the standards of living, on the average, are increasing over time. 

Of course, one cannot gloss over the fact that the beautiful picture painted above does not 
pertain equally across the globe. A cursory look at the United Nations’ Millennium 
Development Goals (2000) should quickly dispel the notion that all is well and that every 
nation and individual part takes in the prosperity of the twenty-first century. What is 
disheartening is that some countries such as Ethiopia seem to be worse off relative to their 
status several centuries ago. The situation is so bad that Ethiopia2 cannot possibly feed her 
populace without frequent emergency appeal for food aid.  Equally disturbing is that the 
Ethiopians’ case is not an isolated one. Countries like Ghana have had mixed experiences with 
the reality. Ghana has moved from a star performer to a growth disaster; a middle-income 
country status to a heavily indebted poor country (HIPC) status. Yes, Ghana might not make 
frequent appeal for food aid but her case is not any better. Thus a group of countries – call 
them developing countries – are getting worse off, if not worse off, in the face of the 
enormous prosperity of the twenty first century.

At the other end of the spectrum, however, there is yet another revealing aspect of the twenty-
first century economic scene. While some countries could best be described as growth 
disasters, the so-called emerging economies (Taiwan, Hong Kong, Singapore, Thailand, 
Malaysia, and lately China) stunned the world with their unprecedented sustained economic 
growth over the last fifty years.

These developments in the world economic order raised a number of questions: questions 
that have engaged the attention of economists dating back to Adam Smith (1776) Alfred 
Marshal (1920), Solow (1956), Swan (1956) and Becker (1975). Why is it that standards of 
living are much higher today than they were 50, 100, 200 years ago? Why is it that people in 
some parts of the world still live on less than one dollar a day? What account(s) for the 
differences in standards of living and growth across the globe? Put differently, what is it that 
the Americans, the Swedes, the Japanese and the Asian Tigers have been able to do to sustain 
growth that the governments and the people of Mexico, Vietnam, Zimbabwe, Haiti, and other 
less developed countries are not capable of doing to unlock themselves from the shackles of 
poverty, hunger, misery and diseases? These questions are so compelling that “once one starts 
to think about them, it is hard to think about anything else” (Lucas, 1988: p.212). It is 
therefore not surprising that over the last two decades, a large volume of empirical studies has 

1 It is these stalk realities that make the likes of Christopher Columbus, the one accredited for “discovering” 
America, legends.

2 See the Ethiopian country profile at the BBC home page and/or the World Bank home page: a sad story in-
deed. The latest appeal for food aid came in on the 4th May 2005. 
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been devoted to understanding the forces driving growth and standards of living across time 
and space.   

Whilst the influence of such factors as investment ratio, infrastructure, institutions3,
technological progress (R&D), terms of trade, (distorted) incentives among many others4 have 
been studied to some depth, the focus of most studies over the past two decades has been on 
the effect of human capital on growth and income differences across generations and/or 
nations. The idea that human capital plays an enormous part in explaining the observed 
diversity in standards of living is not new and could be traced back to Alfred Marshal (1920) 
when he wrote “knowledge is the most powerful engine of production; it enables us to subdue 
nature and satisfy our wants”. Schultz (1981, p.46), seems to agree with Marshal when he 
observed that  natural resources, physical capital and raw labour are not sufficient in 
developing a highly productive economy and that a wide array of human skills are essential in 
fuelling the dynamics of development and without them, the economic prospects are bleak. 
The impulse of these statements is particularly true when it is realised that the level of human 
capital has profound implications for the availability of skilled and efficient workforce, which 
in turn influences societal output and growth across generations and space.

It is worth pointing out that the place of human capital in the literature does not only stem 
from recognition of it as a powerful force driving productivity at the microeconomic (both 
theoretical and empirical) level and in macroeconomic theories. Much of the attention it 
receives is attributed to the inability of empirical macroeconomic studies to establish 
consensus on the effects of human capital in the world economic order. The empirical works 
of Azariadis and Drazen (1990), Barro (1991 & 1998), Barro and Lee (1993, 1994, 1996 & 
2001), Barro and Sala-i-Martin (1995), Denison (1967), Mankiw, Romer and Weil (1992), 
Nelson/Phelps (1966), Rauch (1988), and Romer (1989a, & 1990) conclude that human 
capital is a vital engine of growth and is crucial in explaining income diversity. Contrary to 
these findings, a considerable number of empirical studies including Benhabib and Spiegel 
(1994), Caselli, Esquivel and Lefort (1996), DeLong and Summers (1991), Islam (1995),  and 
Oulton and Young (1996), Pritchett (2001) could not establish any influence on growth that 
could be linked to human capital. 

The sources of these conflicting findings have been traced to such issues as differences in 
methodology, data quality, type of proxy and the composition of the sample. In particular, 
Mankiw et al. (1992) following Romer (1989), and Barro (1991) used a cross-section analysis 
approach in studying the contribution of human capital to economic growth. This approach 
necessitates the assumption of identical aggregate production function across the sample. In 
that sense, the heterogeneity in the production functions across economies and time is 
sidestepped. This assumption is rather restrictive and does not allow for temporal dimensions
and country specifics in the data to be analysed. As Islam (1995) rightly observed, a panel data 
approach will not require this restrictive and intuitively implausible assumption. 

Another issue with Mankiw et al. (1992) is their proxy for human capital – percentage of the 
working-age population (ages 15 to 64) that is in secondary school – is an imprecise measure 
of human capital accumulation (Easterly 2001, p.79). In fact, the exclusive reliance of Mankiw 
et al. (1992) on secondary school is the subject of a paper by Klenow and Rodriguez-Clare 
(1997). They argued that the failure to include primary education exaggerates the fraction of 
output growth that is attributable to human capital accumulation (p.74). This view seems to be 
convincing if one recognises that primary education, arguably, varies less across countries 
relative to secondary and tertiary education.

3 You may as well call it organisational capital.

4 Renelt (1991: p.17) notes that there as many as 50 of such explanatory variables.
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In light of the aforementioned empirical issues, the purpose of this paper is to re-examine the 
contribution of human capital to economic prosperity across nations and generations in a less 
restrictive setting. Towards this end, the study adapts the augmented Solow model to allow for 
panel data estimation, which takes in consideration country specific characteristics and time 
dimensions in the data set to be examined. Furthermore, the paper employs a proxy for 
human capital that covers all levels of education. In this setting, the impact of human capital is 
not only estimated in relatively more realistic environment but one could also find out how 
the augmented Solow model, which has received much attention, fairs under these 
modifications. 

The study spans 1960 to 2000 with one main sample of 84 countries, which is divided into 
two sub-samples of 35 high-income and 49 low-income countries

The remainder of this paper is structured as follows.  Section 2 briefly reviews both theoretical 
and empirical literature on the subject. It is in three parts. Under the introductory part, the 
concept of human capital is defined, compared and contrasted with abstract/technological 
knowledge. The main features of the Solow (1956) model, the augmented Solow model, and 
the Lucas (1988) and Romer (1990) models of endogenous growth are reviewed under the 
theoretical subsection. On empirical studies, the methodology and the findings of some of the 
works cited above are presented. Section 3 dwells on the specification of the model in the 
framework of panel data analysis. It also describes the data and contains information about
the sources of data used in the study. The fourth Section is devoted to the presentation and 
analysis of the statistical and empirical results. The conclusion of the study is covered in 
Section 5 with some policy recommendations and possible areas of further research. 
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2. HUMAN CAPITAL AND GROWTH MODELS

This Section is in two main parts. The first half gives a brief overview of the Solow (1956) 
growth model and the three most influential growth models incorporating human capital. 
These are the augmented Solow growth model, the Lucas (1988) and the Romer (1990) 
models5. The second Subsection presents a number of empirical studies, which include one 
proxy or the other intended to capture the role of human capital. Before we proceed further 
however, it is instructive to open the Section with a definition of the concept of human 
capital, noting how it differs from abstract/technological knowledge. 

2.1. Human Capital Defined

Human capital is defined as skills, abilities knowledge and other attributes embedded in an 
individual that are relevant to economic activity (OECD, 1998: p.9). These skills, abilities, 
knowledge and attributes could be acquired through education (formal and/or informal), on-
the-job training (apprenticeship) and learning-by-doing (experience). It also involves 
investment in the nutritional and health status of the individual (Bloom, Canning and Sevilla, 
2001). Like physical capital, human capital may depreciate or may become obsolete. The 
difference is that whilst physical capital may depreciate due to wear and tear, human capital 
may depreciate with the age of the individual and/or disuse (unemployment).  Unlike 
technological knowledge, which is non-rival and may not be excludable depending on its 
nature and institutional settings, Human capital is an individual specific good and its usage in 
one activity effectively prevents its simultaneous usage in another activity (Romer, 2001:
pp.133-134).

As amply demonstrated in the rest of this Section, human capital features prominently in both 
neoclassical and new growth models. Following the previous empirical studies, this study 
focuses on human capital as acquired through formal education. The assumption is that 
formal education does not only enhance productivity but also enhances individual’s ability to 
acquire further human capital through the other modes. This assumption is quite justifiable 
given that “education … contributes directly to economic growth through its effects on 
productivity, earning, job mobility, entrepreneurial skills, and technological innovation” 
(Verspoor 1990: p.21).

2.2. Theoretical Models of Growth with Human Capital

2.2.1. The Solow Growth Model
The Solow growth model is constructed around the Cobb-Douglas production function of the 
form: αα −= 1)( ttt LAKY 0<α<1 (1) 

where Yt, Kt, Lt and At, are output level, physical capital stock, labour endowment and 
level of technology, all at time t respectively. By the a priori restriction 0<α<1, Solow assumes 
that each individual input exhibits positive but diminishing marginal product – a lower stock 
of a given input yields higher a marginal product and vice versa. Further, the rates of saving s, 
depreciation δ, population growth n, and technological progress g, are exogenously determined
such that at time t,

5 See Barro and Sala-i-Martin (1995) and Temple (2001) for a comprehensive review of literature on growth theo-
ries.
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tt nLL =& , tt gAA =& and ttt KsYK δ−=& (2)

The key dynamic equation relates to the evolution of k, which is given as: 
( ) ttt kgnskk δα ++−=& (3)6

Accordingly, the economy converges to a steady state where both output and physical capital 
per capita grow at the rate of technological progress. The implication is that the economy’s 
long run growth is exogenously determined, and that changes in the rate of physical capital 
accumulation do not explain the observed differences in income (standards of living) across 
time or space. The saving rate and population growth are however expected to have level 
effects on the steady state growth path. Figure 2.1 demonstrates the model’s transitional 
dynamics and the corresponding level effect of a permanent increase in s. 

Figure 2.2 .1: Effects of Savings Rate on Steady State Growth

Source: Jones (1998: p.38-39)
Furthermore, the model predicts that different countries reach different steady states since 
saving and population growth rates differ across countries (Mankiw et al., 1992: p.422). 
However, once these differences in saving and population growth rates are accounted for, 
countries less endowed tend to “catch up” – a phenomenon termed “conditional 
convergence”. 

2.2.2. The Augmented Solow Model
This version of the Solow model argues that the exclusion of human capital from the original 
Solow model leads to “incorrect conclusions” (Mankiw et al., 1992: p.415) possibly resulting 
from omitted variable bias. Toward this end, Mankiw et al extend the Solow model to include 
human capital as a separate input into the standard Cobb-Douglas function. Hence: 

( ) βαβα −−= 1
ttttt LAHKY βα + < 1 (4)

where Ht is the stock of human capital and β  is its share in output. All the other 
variables are as defined earlier. The a priori restriction that βα + < 1 implies that there is a 
decreasing return to produced factors of production. The three key assumptions allowing this 
formulation are that: output is used for either consumption or investment in both human and 
physical capital; people invest in human capital just as they invest in physical capital; and 
human capital depreciates at the same constant rate δ as physical capital (Mankiw et al., 1992:
p.416). 

6 Consult the Romer (2001: p.9-25) for a textbook treatment of the derivation of equation (3) and the subsequent 
equations under the Solow and Augmented Solow models.

time0

ln(Y/L)

 to

level 
effect

        time0

∆ln(Y/L)
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Defining ks and hs as the fractions of output invested in the accumulation of physical and 
human capital respectively, the dynamics of At, Ht, Kt, and Lt are given as: 

tt gAA =&           (5a)

ttht HYsH δ−=&           (5b)

ttkt KYsK δ−=& , and           (5c)

tt nLL =&            (5d) 
The key dynamic equations of this model, unlike the original version, relate to the evolution of 
k and h which are formulated as:

( ) tkt kgnhksk δβα ++−=& , and           (6a)

( ) tht hgnhksh δβα ++−=& (6b) 

 where tttt LAYy = , tttt LAKk = and tttt LAHh = . These expressions (6) imply 
that the economy converges to a steady state equilibrium defined by 

)1(11
*

βαββ

δ

−−−









++

=
gn
ss

k hk , and           (7a)

)1(11
*

βααα

δ

−−−









++

=
gn
ss

h hk (7b)7

Thus at the study state, the model predicts that human capital per unit of effective labour 
∗h and physical capital per unit of effective labour ∗k  are constant. However, combining (5) 
with (6) and (7) implies that steady state income per capita ∗∗ LY , physical capital per capita 

∗∗ LK and human capital per capita ∗∗ LH grow at an exogenous rate g8. The most important 
point to note is that incorporating human capital into the model does not imply that long-term 
(steady state) growth is driven by human capital accumulation. Just like the Solow model, an 
increase in human capital accumulation sh and/or saving rate sk has no steady state growth 
effect but  level effects. Consequently, the dynamic effects of a permanent increase in sh or sk 
are similar to those illustrated in figure 2.1 above. To conclude this subsection it worth noting 
that one important difference in the two models is that the effect of a change in saving rate on 
level income is higher in the augmented version (Schütt, 2003: p.8).

The key feature of the exogenous growth models, including Solow (1956), Koopman (1965), 
Cass (1965), Mankiw et al. (1992), is that long run growth, which is the subject of study, is 
exogenously determined. The focus of the “new growth theory”, apparently started by Romer 
(1986), is to endogenize the sources of growth such that long run growth is determined within 
the model. This attempt has produced two distinct approaches regarding how to incorporate 

7 To obtain (7), set tk& and th& to 0 respectively and solve for 
∗h  and ∗k .

8 To see this, note that tttt LAYy =  which implies that
∗∗∗∗∗∗∗∗ −−= LLAAYYyy &&&& . From (5),

gAA tt =& and nLL tt =& .  Hence, for ∗y to be constant, gnYY +=∗∗& . Consequently, ∗∗ LY
must grow at the rate g. The same line of reasoning holds for ∗∗ LK and ∗∗ LH .
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human capital into growth models. These two approaches are the subjects of subsection 2.2.3 
and 2.2.4.

2.2.3. Human Capital Accumulation as an Engine of Growth
In his paper “On the Mechanics of Economic Development”, Lucas (1988) outlined a growth 
model where human capital enters the production function as labour augmenting. The 
economy comprises lifetime utility optimising identical agents whose choice variables are the 
level of consumption and non-leisure time allocated between work and skill acquisition. The 
production function is of the form:

( ) γββ
tattttt HLHuAKY ,

1−= (8)9

where Yt, At, Kt and Lt are as defined earlier, whilst 
γ
taH , and ut are the external effect 

of human capita  and the fraction of an individual’s non-leisure time allocated to work 
respectively. Asides the assumption of a constant level of technology A and exogenous 
population growth rate, Lucas assumes a linear relationship between the fraction of non-
leisure time devoted to skills acquisition (1- ut) and human capital growth rate ( )tt HH& . Thus:

( ) ( )ttt uHH −= 1ψ& alternatively ( ) ttt HuH −= 1ψ& (9)

where ψ  measures the maximum growth rate of human capital (Lucas, 1988: p.256), 
which could therefore be seen as the productivity of schooling (see Aghion and Howitt 1998, 
p.330). The functional form expressed in (9) implies that the growth rate of human capital is 
independent of its level and that a given percentage increase in Ht requires the same level of 
effort irrespective of Ht already accumulated.

In addition to the external effect of human capital, the Lucas model assumes that agents invest 
(1-ut) of their non-leisure time on the accumulation of human capital, instead of a fraction sh of 
their income as in the augmented Solow model. Furthermore, unlike the Solow model and its 
augmented version, the Lucas model has two production sectors – one sector producing 
consumption and physical goods whilst the other is devoted to human capital production.  
Above all, Lucas model is such that growth is explained within the model and it is driven by 
human capital accumulation. Specifically, permanent increase in the rate of investment in 
human capital has rate effect on long run growth. However, a one-time increase in the stock 
of human capital has only level effect.

2.2.4. Human Capital Stock as a Catalyst of Growth
The second category of endogenous growth models shares the view that technological 
progress is the main driving force of economic growth. These theories model technological 
progress by recognising that although some discoveries are “serendipitous” (Barro and Sala-i-
Martin, 1995: p.32), most technological improvements are the results of research activities 
carried out in response to economic incentives. Unlike the Lucas model where human capital 
is an independent source of growth, human capital is a catalyst for growth in these models.

The central idea, as argued by Nelson and Phelps (1966: p.71), is that people’s educational 
attainment may significantly influence their ability to adapt and introduce new technologies. 
Accordingly, a higher level of human capital would speed up the process of technological 
diffusion and enable economies lagging behind to catch up to the technologically advanced 
economies – a kind of technological convergence.

9 I modify Lucas’ (1988) notations to conform to the notations used in the two previous subsections. 
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In 1990, Romer extended the concept beyond the adoption of existing technologies to the 
creation of new ones. The model has three sectors – final-goods, intermediate-goods and  
research (R&D) sectors. The R&D sector used human capital and the existing stock of 
knowledge to produce designs (for new physical capital), which are sold to the intermediate 
sector. The intermediate sector in turn produces and sells capital goods to the final goods
sector. The production technology for the final goods sector is:

∑
=

−−=
A

i
iy XLHY

1

1 βαβα i∀ (10)

where Hy is human capital employed by the final good sector, A is the stock of 
knowledge which is a nonrival good, and Xi are intermediate producer goods employed in the 
final good sector. Labour supply L and the stock of human capital H are assumed time 
invariant in this setting. The most distinct feature of this model is the disaggregation of 
physical capital into different intermediate inputs with additively separable effects on output 
(Schütt, 2003: p.13). The number of these disaggregated inputs depends on the stock of A.
The first source of sustained growth therefore is the increasing variety of goods which expand 
with the stock of knowledge. The stock of knowledge is represented by the number of designs 
created from the R&D sector, which is assumed to evolve according to:

AHAA ψ=& alternatively AHA Aψ=& (11)

where HA is human capital devoted to knowledge production (but HA + HY = H) 
whilst ψ is the productivity of the R&D sector. As could be seen from (11), the creation of 
new ideas or designs is a linear function of the existing stock of ideas (knowledge) and all 
researchers at the R&D sector have unrestricted access to this existing stock of ideas. This 
allows for the so called the spillover effects of knowledge in the R&D sector. Moreover, the 
linearity assumption implies that the productivity of HA increases in proportion with A
(Schütt, 2003: p.14). This ensures that knowledge can grow without bound, and generates 
endogenous growth.

In the steady state, output, capital and the stock of knowledge all grow at the same rate, driven 
by technological progress as in the Solow model. However, technological progress depends on 
the amount of human capital employed in the R&D sector, which is a linear function of the 
total stock of human capital. In sum, the Romer model implies that technological progress and 
hence (steady state) growth depends on the stock of human capital as opposed to its 
accumulation in the Lucas model.  

2.3. Related Empirical Studies
The interesting thing about the theoretical models reviewed above is that despite the 
differences in the theoretical underpinnings of the models, their empirical testable predictions 
concerning human capital are strikingly similar. This is partly the case because long run growth 
is a theoretical abstraction as such empirical studies cannot distinguish between permanent 
and transitory changes in growth rates (Schütt, 2003: p.17-18). This would suggest similar 
findings regarding the role of human capital from the various empirical studies emanating 
from these theories. However, the empirical studies reviewed in this Subsection clearly suggest 
to the contrary. The focus is on the methodology, data and the findings. It starts with Denison 
(1962, 1965 and 1967).

The starting point of Denison’s works is the prediction of the Solow (1956) model that if the 
returns to physical capital are a reasonable approximation of its contributions to output, then 
variations in the accumulation of physical capital do not account for a significant part of 
growth either across time or space. Denison uses a growth accounting approach, which is seen 
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as the empirical counterpart of neoclassical growth models (see Romer, 1989: p.40, for 
instance), to decompose growth of output per worker into the contributions of physical 
capital per worker and a remaining term called the residual factor. In his (1967) study of why 
growth rates differ in nine western countries, Denison observes that growth is as a result of 
two kinds of changes – changes in factor inputs and changes that affect output per unit of 
input (1967: p.7). He identifies advances in technology and managerial knowledge, efficient 
allocation of resources, enlargement of markets, the educational background of the labour 
force etc as influencing the residual factor. Concerning the impact of human capital on growth 
through the residual factor, he writes, “Educational background is a crucial determinant of the 
quality of labour force. It conditions both the types of work an individual is able to do and his 
efficiency in doing them” (p.78). According to Denison, a work force with appreciable level of 
human capital is more capable of learning and utilising the most efficient production practices 
known and hence higher output per unit of input. Thus, in his growth accounting approach, 
human capital enhances growth through the residual factor.

Following the publication of the Penn World Tables in 1988, a number of cross-country 
regression analyses have emerged. Romer (1989) is among the first to undertake this kind of 
analysis. In a sample of 112 countries, he runs the average rate of growth (1960-1985) on the 
initial level of income, investment rate, government expending, and human capital – proxied 
by literacy rate. He observes that the initial stock of human capital has a positive and 
significant effect on growth (p.40). On the negative side however, a change in the initial level 
of human capital is insignificant in explaining subsequent growth. Similarly, Rauch (1988) 
using the Euler equation approach, finds that among the countries that had achieved 95 
percent adult literacy in 1960, there was a strong tendency for income per capita to converge 
over the period 1950-1985.

The main issue with literacy rates as noted by Barro (1991) is that they are inconsistently 
measured across countries and “are particularly inaccurate for developing countries” (p.422). 
Accordingly, Barro uses school enrolment rates to proxy human capital. His argument was 
“… school enrolment rates are likely to be more accurate and consistent cross sections” 
(p.422). For a sample of 98 countries covering the periods of 1960-1985, Barro finds that for a 
given starting value of GDP per capita, a country’s subsequent growth rate is positively related 
to human capital (p.416). He also finds that given human capital, subsequent growth rate is 
negatively related to the initial level of per capita GDP (p.417). These findings, which are 
largely consistent with the later works of the author, lend support to the hypothesis of 
conditional convergence implied by the Solow model. 

Another important empirical study that had led to further empirical studies is the work due to 
Mankiw et al (1992). The focus of Mankiw, Romer and Weil’s (1992) study is whether the 
predictions of the Solow model are consistent with empirical evidence about the variations in 
standards of living across countries. Using the Penn World Table with 98 countries, they find 
that saving and population growth explain 59% of international variations in income per 
capita. They also find that these variables affect income per capita in the directions predicted 
by the Solow model. On the grey side, their regression shows that Solow’s model does not 
correctly predict the magnitudes of the impact of saving and population growth on income 
per worker (p.415). Mankiw et al. (1992) assert that the exclusion of human capital from the 
Solow model may explain why the estimated impacts of saving and population growth are too 
large. They therefore augment the Solow model10 to include human capital. The result shows 
that 78% of the cross-country income variation could be explained by differences in savings, 
population growth and human capital accumulation. They conclude thus: “it appears that the 

10 See subsection 2.1.2
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augmented Solow model provides an almost complete explanation of why some countries are 
rich and other countries are poor” (Mankiw et al 1992: p.408).

Apart from the issue of data quality and the appropriateness or otherwise of human capital 
proxies, the main drawback to the cross section analysis as employed by Romer (1989), Barro 
(1991) and Mankiw et al. (1992) among others is that it fails to allow for heterogeneity in the 
production functions across economies. In attempt to remedy this apparent weakness of 
cross-country analysis, Islam (1995) adopted a dynamic panel data approach to study the 
concept of economic convergence. Using data constructed by Barro and Lee (1993), his 
analyses indicate that human capital is growth retarding (p.1153). Islam acknowledges that his 
findings were at odd with expectation and attributed it to: discrepancy in the theoretical 
concept of human capital and the proxies used in empirical studies; and the specification of 
the production function (p.1153-4). 

Interestingly, Islam (1995) is not the only empirical study with “anomalous” findings regarding
human capital. Earlier, Benhabib and Spiegel (1994) use a cross section approach that is 
reminiscent of growth accounting to study the role of human capital. They find that the 
growth of human capital, measured alternatively, have negative but insignificant effect on 
growth between 1965 and 1985 (p.149-150). They concluded that human capital probably 
affects growth through other channels other than those usually permissible under growth 
accounting frameworks.

Another important work in this category is Pritchett (2001). Following microeconomic 
evidence in the framework of Mincer (1974) that there is a log-linear relationship between 
wage increments and additional year of schooling, Pritchett constructed stocks of human 
capital as the discounted value of wage premium due to education. In reaction to his findings, 
Pritchett asked “where has all the education gone (p.382)?” – a question that eventually 
becomes the title of his paper.  Indeed, there are other equally important studies with these 
unexpected results. Notable among them are DeLong and Summers (1991), Caselli, Esquivel 
and Lefort (1996), and Oulton and Young (1996).

Thus far, we briefly review some of the growth models with one role or the other for human 
capital and their related empirical studies. Whilst the theories are unanimous about the 
positive impact of human capital on growth, the empirical literature however proves that the 
quest to incorporate and analyse the role of human capital in growth models is unsettled issue. 
The next section outlines the methodological framework of this paper.
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3. MODEL SPECIFICATION AND DATA

As noted from Section 2, despite the differences in the theoretical underpinnings of the 
models reviewed, their empirical testable predictions concerning human capital are strikingly 
similar which means that empirical studies are unable to discriminate among these theories.  
However, this paper adopts the augmented Solow model as its starting point for several 
reasons. One, unlike the Barro (1991) and Romer (1989) specifications which are essentially ad 
hoc, the Mankiw et al. specification is dictated explicitly by a theoretical model. This enables 
us not only to make findings about the role of human capital but also to compare our findings 
with the predictions of the theoretical model. Second, the Mankiw et al specifications are more 
tractable with regard to the modifications required to allow for panel data estimation. Finally 
and more importantly, attention has been drawn to several drawbacks in the works of Mankiw 
et al. (1992) two of which are at the heart of this paper.

The Section is in three parts. The first two parts covers the specifications of the model. The 
first part covers the cross-sectional specification of the model in the framework of Mankiw et 
al. (1992). The second part specifies the panel data version of the model and the final part 
describes the data and its sources. 

3.1. Cross Sectional Data Specification 
To proceed further, it may be recalled (from page 6) that the key dynamic equations of 
Mankiw et al. relate to the evolution of k and h as in expression (6) such that the economy 
converges to a steady state equilibrium defined by expression (7). The production function as 
defined in equation (4) could be expressed alternatively as:

βα
ttttt hkALY = where tttt LAKk = and ttt LHh = . (12)11

Substituting expressions (7) into (12) and taking the log of the resultant expression yields: 
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This equation shows that income per capita is decreasing in population growth and increasing 
in the accumulation of both physical and human capital. An alternative specification is to 
express the log income per capital as a function of population growth, physical capital 
accumulation and the level of human capital per capita. This is obtained by combining 
expressions (7) and (13): 
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At this stage, Mankiw et al., assume that g is constant across countries since it reflects 
worldwide technological progress. This implies that the term gt in equations (13) and (14) is 
just a constant. However, 0ln A reflects resource endowment, climate, institutions etc as well 
as technological progress (Mankiw et al. 1992, p.410-11), which differ across countries and 
thus could be written as: ε+= aA0ln (15)

11 note that 
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where a is a constant and ε is a country-specific technology shift term. This reduces 
equation (14) to: 
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Mankiw et al. (1992) estimated equation (17) using the ordinary least square (OLS) technique. 
The assumption here, in addition to the constant intercept ( gta +=0β ) assumption, is 
that jβ  are independent ofε . 

3.2. Panel Data Specification
This paper is of the view that the above assumptions are purely econometric necessities. The 
following line of reasoning informs this conjecture. First, the OLS estimation techniques are 
based on the assumption of uncorrelated error term, and the OLS estimators are bias when 
the error term is correlated with the other right hand side variables. However, the country 
specific production-technology shift termε  is more likely to be correlated with the other 
inputs in the production function. Second, the constant term 0β  in expression (17) differs 
from country to country (country specifics), and for the same country, it may differ from 
period to period (time dynamics). As such the assumptions of homogeneous intercept and 
uncorrelated error term are intuitively too restrictive.

One way round these restrictive assumptions, as suggested by Mankiw et al. (1992: p.126), is 
to employ instrumental variables that are correlated with sk, n, and h but uncorrelated with the 
country specific shift in the production function. This option is almost impossible considering 
the nature and scope of 0ln A , which feeds into the 0β  andε terms in equation (17). 

This paper makes a case for a panel data approach in view of the issues raised above. This 
requires re-specification of equation (17). The nature of this re-specification depends however 
on the kind of assumptions made about the country specific effects – what is called in the 
literature individual effects. If it is believed that they are uncorrelated with the other right-
hand side variables, then the Random Effects Model, REM (also known as Error Components 
Model, ECM) is preferred to the Fixed Effects Model (Gujarati, 2003: p.650).  The argument 
is that the random effects models are more parsimonious whilst the fixed effects models
consume degrees of freedom. What is more, the random effects models are thought to be 
more efficient in that they take into account both the within and between variation s but the fixed 
effects models dwell principally on the within effects (Kennedy 2003: p.307). The argument for 
the random effects models is however weakened considerably when the country specifics 
(heterogeneity) are correlated with other explanatory variables, as this tends to bias the REM 
estimators.  Furthermore, the ECM is appropriate if the sample is drawn randomly from a 
much lager population – this, of course, is not the case as discussed in the next subsection. 
Accordingly, the a priori specification12 for this paper is the fixed effects model since the 

12 The Hausman test is employed to test the validity of this specification since the data generating process may 
differ from what is predicted by theory.
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argument so far is that the country specifics are correlated with the other regressors and the 
sample is not drawn randomly from a larger population. Hence:
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where ittiitu ελψ ++= i=1,…,N; t=1,…,T

iψ is the unobservable country specific effects, tλ  denotes unobservable time effects and itε
is the remainder stochastic disturbance term with the usual classical assumptions. 
Furthermore, i represents the cross-sectional units, a specific country and t refers to a time-
length of five-year intervals.  The choice of five-year intervals is dictated by data availability, 
and concerns for the influence of business cycles and other short run disturbances in case we 
employ yearly data whilst at the same time preserving the time series information inherent in 
the data sets. Finally, expression (18) assumes that the coefficients 1β , 2β and 3β are constant 
across unit (countries) and time. 

3.3. Sample Size, Data Sources and Description
Following Mankiw et al. (1992), the study covers one main sample with 84 countries13 for 
which data is available, and two sub-samples which comprise 35 high-income countries and 49 
low-income countries14 respectively. Apart from the fact that the division of the main sample 
into two sub-samples is important for comparing the findings of this study with those of 
Mankiw et al., there are two interrelated reasons that inform this choice. The first reason is to 
find out whether the effect of human capital in the high- and low-income countries differs. 
The second reason is to ensure that the policy recommendations emanating from the study are 
more specific for the two sub-samples. This is particularly important because most often 
policy recommendations that are suitable for high-income countries are not necessarily 
appropriate for low-income countries. 

The study period spans from 1960 to 2000. This yields eight data points for each country 
where each data point is measured as the average of a five-year period.

The rate of investment in physical capital ks  is measured as the share of real investment in 
real GDP, income per capita, Y/L as real GDP per capita and n is the population growth rate. 
Observations on these variables are sourced from the 2002 World Bank development 
Indicators. However, ( )δ+g  is taken to be 0.05 across units and time. The assumption that 
( )δ+g = 0.05 follows the work of Romer (1989: p.60) who presents a calculation for a broad 
sample of countries and concludes that the rate of depreciation is about 0.03 or 0.04. Mankiw 
et al (1992: p.414) reports that technological progress is about 0.02. Furthermore, this value of 
( )δ+g  is used in other studies such as Mankiw et al. (1992) and Islam (1995). Accordingly, 
the rate of population growth n for each country is scaled up by 0.05 to obtain ( )δ++ gn .

As highlighted earlier, the grey area in analysis involving human capital is the proxy employed. 
Mankiw et al (1992)’s use of secondary school education as a proxy for human capital is 
questioned for being too narrow (see for instance, Easterly 2001: p.79; Klenow and 

13 Please refer to appendix A for the list of countries included in the study.

14 In this paper, a country is considered a low-income country if it is classified by the World Bank as either a low 
or low-middle income country. Countries considered high-income countries are the World Bank’s high and 
high-middle income countries.
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Rodriguez-Clare 1997). In attempt to broaden the scope of the proxy, this work employs 
educational attainment (years of schooling) of the total population aged 15 and above as 
computed by Barro and Lee (1997) and updated in 2001. Of course, this proxy is not without 
limitations. The fact that two individuals spend the same number of years in school should not 
necessarily mean that they obtain the same level of human capital as the quality of those years 
spent in school may differ across individuals, schools and countries. It also sidesteps the 
components of human capital attributable to nutritional and health status, informal education,
on-the-job training (apprenticeship) and learning-by-doing (experience). The strength of this 
proxy however lies in the fact that it captures all levels of formal education albeit its 
limitations. This is particularly important because formal education does not only enhance 
productivity but also enhances individual’s ability to acquire further human capital through the 
other modes (see Verspoor 1990: p.21). Before we proceed to the next Section, we present a 
summary of the description, proxies and the sources of the data in table 3.1 below.

Table 3.1: Data Sources, Proxies and Description

Variable Name Proxy Source

Y/L Income per capita Real GDP per 
Capita

World Bank 
Development Indicators

( )δ++ gn Population growth plus 
depreciation plus 

Population growth 
rate + 0.05

World Bank 
Development Indicators

Sk Rate of investment in 
physical capital

as the share of real 
investment in real 
GDP

World Bank 
Development Indicators

h Level of Human Capital Educational 
Attainment

Barro and Lee (2001)



Human Capital and Economic Performance: Empirical Evidence from Panel Data Analysis

15

4. EMPIRICAL RESULTS AND ANALYSIS
This Section presents the results of the empirical analysis. It begins with what may be termed 
pre- regression considerations. The second Subsection is devoted to the analysis of the main 
findings.

4.1. Problem of Multicollinearity
Studies of this nature are confronted with the problem of multicollinearity – strong correlation 
among the right hand variables. In other to check the extent of multicollinearity in this study, 
we construct the Pearson’s Correlation Matrix as presented in Appendix B. It shows the 
correlation between the dependent variable and the independent variables on one hand, and 
the correlation among the explanatory variables on the other hand, for all the three samples. 

The signs of the correlation coefficients are in line with those predicted by the model. In this 
sense, there may be a significant problem of multicollinearity if the signs of the estimated 
coefficients conflict with the a priori signs. This however is highly unlikely given that the 
correlations between the dependent variable and explanatory variables are generally stronger in 
all the samples whilst the correlations among the independent variables are generally low. This 
seems to suggest that the data set does not have serious problem with multicollinearity15.

4.2. Problem of Non-Stationarity and Heteroscedasticity
The linear plots of the individual variables presented in Appendix C suggest that the series are 
generally mean reverting except for human capital, which seems to demonstrate slight trend. 
The plots also show that the variances of the individual variables are not constant16. The 
presence of different countries with varying levels of development seems to be the source of 
the heteroscedasticity. According to Baltagi (2001: p.77), assuming homoscedasticity in the 
presence of heteroscedasticity will lead to inefficient though consistent estimates. The study 
corrected for the heteroscedasticity using the White-Heteroscedasticity correction approach
(see Greene, 2003 and Baltagi 2001 for technical notes on this procedure). 

4.3. Test for Poolability
We begin the estimation by testing the null hypothesis that individual intercepts are equal 
(common intercept hypothesis) and pooled OLS is applicable. The test statistics is the 
restricted F test17, where the Restricted Residual Sums of Squares (RRSS) is that from the 
pooled OLS and the Unrestricted Residual Sums of Squares (URSS) is obtained from the fixed 
effects regression (Greene, 2003: p.289; Baltagi, 2001: pp.51-57). Results for the three samples 
are summarised in Table 4.1: below.

15 Of course, this does not necessarily mean that the problem of multicollinearity may not surface. The issue of 
multicollinearity may become pronounced when too many dummies are introduced to capture individual 
effects. For now, we only hope that the problem does not occur but it will be appropriately dealt with should it 
occurs.

16 One could test the hypothesis of homoscedasticity using the Bartlett’s test (see Kment 1986: p297 or Baltagi 
2001: p79). This test is not performed in this paper.
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Table 4.1: Results of the F Test for Poolability 

 F-Statistics Prob. Value H0 Vs Ha

Main Sample             F(84, 585) 13.937 0.0000 Unable to Accept to H0

High Income Sample F(35, 242) 11.096 0.0000 Unable to Accept to H0

Low Income Sample  F(48, 340) 37.933 0.0000 Unable to Accept to H0

The results convincingly show that one or more of the unobservable country specific effect, 
iψ  and/or one or more of the unobservable time effects, tλ is/are different from zero. The 

implication is that a pooled OLS is inappropriate for each of the three samples. This result 
clearly confirms the central argument of this paper that without controlling for country 
specific and time effects in the data set may lead to biased and misleading estimators. 

4.4. Hausman’s Test for Specification
Having rejected restricted OSL model, the next critical issue has to do with the choice 
between the Random and the Fixed Effects. The Hausman (1978) specification test is 
performed to test if the random effects estimator is unbiased (Kennedy 2003: p.306), which 
implies that the error uit term is uncorrelated with the explanatory variables. Thus, the 
Hausman specification test reduces to testing:

H0: 0)/( =itit XuE against Ha: 0)/( ≠itit XuE

If the null is not rejected, the random effects estimator is used; otherwise, the fixed effect is 
preferred18. The results of the test, using the LIMDEP software are reported in Table 4.2:

Table 4.2: Hausman’s Specification Test: Random Versus Fixed Effects

Without Time Effects With Time Effects

Samples
H Statistics

(3 df)

Akaike 
Information 
Criterion

H Statistics

 (3 df)

Akaike 
Information 
Criterion

Preferred 
Specification

Main 4.14

(0.247017)

0.910 1.29

(0.731910)

0.930 Random 
Effect

High Income 6.11

(0.0164)

0.167 19.89

(0.000179)

-0.230 Fixed Effect

Low Income 5.45

(0.14177)

1.649 9.82

(0.0201)

0.035 Fixed Effect

Probability values are in parentheses. 

18 Baltagi (2001: p.20) recommends further test in the framework of Chamberlain test for restrictions imposed by 
the fixed effect model.  This test is not performed in this paper. It may be considered in further studies.
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The Hausman’s test fails to reject the null hypothesis in the case of the main sample, whether 
we include time effects or not. The preferred specification for the main sample is therefore the 
random effect model. The question of choosing between the one-way and the two-way 
random effects is handled using the Akaike Information Criterion. This favours the one-way
random effect model. This choice is further strengthened by the fact that none of the time 
effects is significantly different from zero whilst most the country-specific effects are highly 
significant. 

For the high-income countries, the results seem to suggest significant correlation between the 
error term and the right hand side variables with or without time effects. Judging by the 
Akaike Information Criterion, this result favours the two-way fixed effects model. 

The test results for the low-income countries are not that much simple. Without time effects, 
the error term is significantly correlated with the explanatory variables at the 5% significance 
level. With the time effects, the error term is not correlated with right hand side variables. The 
Akaike information criterion test leans towards the two-way effects. Thus for the low-income 
countries the preferred specification is the two-way fixed effects model.

4.5. Estimated Coefficients and Discussion
At this stage, we proceed to estimate the preferred models for the various samples and the 
results are presented in Tables 4.3 and 4.4 below. Table 4.3 summarises the individual specific 
effects – the detailed is in Appendix A. Tables 4.4 presents the estimated coefficients from the 
preferred models. For the purposes of comparison however, we present the results of the 
various estimation techniques in Appendix D.

Table 4.3: A Descriptive Statistics of the Country Specific Effects

Range Minimum Maximum

Mean

(Common Intercept) Variance

3.39 5.30 (0.000) 8.69 (0.000) 6.96 (0.000) 0.65

p-values are in the parentheses. 

As could be observed from Table 4.3, the country-specific effects are highly significant with a 
minimum value of 5.30 in respect of Panama, and a maximum of 8.69 corresponding to South 
Africa. These yield a range of 3.39, which is more than one-half the magnitude of the 
common intercept. Furthermore, the variance of the country-specific distribution is 0.65. 
These imply that estimation techniques that report only the common-intercept are not 
particularly accurate.
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Table 4.4: Estimated Coefficients

Main Sample

(One-way random effect)

High-Income Sample

(two-way fixed effects)

Low-Income Sample

(two-way fixed effects)

Coefficients t-stats. Coefficients t-stats. Coefficients t-stats.

Ln(h) 0.52 10.98 0.48 4.41 0.10 1.88

Ln(sk) 0.30 7.08 0.20 3.63 0.83 2.54

Ln(n+g+δ) -0.44 -8.43 0.26 0.96 -0.44 -7.11

R2

Number of 
Coun tries

Number of 
Observations

0.90 

84

673

0.91

36

281

0.90

49

392

Dependent variable: LnY/L

For the main and high-income samples, the explanatory power of the model is about 90% and 
this increases to about 91% for the low-income sample. Thus, the model is capable of 
explaining not less than 90 percent of the variation in income per capita across the globe. 
These high explanatory power should not be surprising since the model adequately accounted 
for country specifics such as institutions, technological base, infrastructure, rule of law, 
political stability etc. 

As evident from Table 4.4, the results for the main sample are generally in line with the 
predictions of the model. In particular, the results confirm that accumulation physical capital 
and the level of human capital induce economic performance whilst population growth rates 
retard economic performance. The results for the two sub-samples are not all that straight 
forward. For instance, population growth is not only insignificant in explaining income 
changes in the high-income countries but it also reports a “wrong” sigh. This suggest that 
among the high-income countries, population growth induces economic performance though 
it is weakly significant in this direction.

The most striking revelation of this study however is the varying impact of human capital in 
the high- and low-income samples. Table 4.4 reveals that human capital is significant – at 1% 
significance level – in explaining income variability among high-income countries. Specifically, 
a percentage increase (decrease) in the level of human capital leads to about 0.48 percent 
increase (decrease) in income per capita. On the contrary, the level of human capital is not 
significant at the 5% significance level in explaining differences in income per capita among 
low-income countries. This result is in sharp contrast with neo-classical theories, which 
postulate that the share of a factor in output decreases as its level increases relative to other 
factors of production. If this postulation holds, human capital, which is relatively less 
abundant in low-income countries, should contribute more, at the margin, to income per 
capita in low-income countries than in high-income countries where it is relatively abundant.  
Quite a number of possible explanations to this bizarre result comes to mind. To start with, it 
is a known fact that unemployment in the developing world is unacceptably high. Particularly 
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worrying is the emerging fact that unemployment by educational attainment is higher in low-
income countries (ILO, 2005: p.7). Consequently, most graduates are unable to put their skills 
to productive use – at best, these skills are channelled to rent seeking activities – in low-
income countries. Secondly, studies upon studies reveal that the qualities of education in the 
low-income countries, particularly in Africa, are significantly lower compared to those 
obtainable from high-income countries. The World Bank (2000: p.106) puts it even more 
forcefully: “the content and quality of African education are in crisis”. In this sense, even if 
the level of education increases and most of the graduates are employed, the quality of skills 
obtained from the increased level education does not increase significantly to translate into 
higher outputs. Equally important is the unmitigated exodus of highly skilled labour from the 
low-income countries to the high-income countries in search of greener pastures. These 
exoduses is further exacerbated by such immigration policies as the Green Card programme 
of the USA, the Point System of Australia, Canada, and New Zealand, and the highly skilled 
immigration scheme of the UK, all of which target the educated with significant work 
experience but discriminatory against the less educated with less work experience.
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5. CONCLUSIONS AND RECOMMENDATIONS
This Section briefly outlines the lessons learnt, the conclusions and policy recommendations 
emanating from the findings, and possible areas of future research.

5.1. Conclusions
The starting point of this paper is the Mankiw et al (1992) augmented Solow model. The 
purpose stems from two fundamental issues raised against Mankiw et al. One, countries across 
the globe exhibit a high degree of heterogeneity in terms of infrastructure, technological base, 
institutions, rule of law and political stability, and these country specifics ought to be 
controlled for. Mankiw et al sidestepped the issue of heterogeneity by adopting the ordinary 
least square estimation technique. This issue is remedied here using a panel data approach. 
Second, Mankiw et al’s secondary school education is a narrow measure for education and 
thus particularly inappropriate proxy for human capital. This paper argues for and uses a 
proxy that covers all levels of education. An added advantage of this study is that is uses the 
updated data version of Barro’s level of educational attainment, which is of significant quality 
compared to the previous versions. In sum, this paper re-assesses the contribution of human 
capital economic performance in a less restrictive setting.

The results of our analysis are quite striking and revealing. First of all, the results clearly reject 
pooled OLS estimation technique for all the three samples. The implication is that cross-
sectional regressions are inappropriate for studies of this kind.

As argued in Section 3.2, on a priori grounds, the fixed effects model is the preferred model. 
The empirical results show that this is indeed appropriate for the two sub-samples. However, 
the main sample favours the random effect model. Certainly, this contradicts the theoretical 
propositions as outlined in subsection 3.2 of this paper and discussed extensively by Baltagi 
(2001). This seems to suggest that the choice between the fixed and the random effects 
models is an empirical issue and re-emphasis the need for specification tests such as  
Hausman’s Specification Test and Chamberlain test for restrictions imposed by the fixed 
effect model.

Our findings, particularly for the main sample and the high-income country, clearly suggest 
that human capital plays a key role in explaining income variability across space and time. It is 
a contributory factor to why the average child of the twenty-first century is economically 
better off than a child of the previous centuries. It also explains why there are high-, middle-
and low-income countries. These findings are in line with the theoretical propositions about 
the role human capital and they confirm the works of Barro (1991 & 1998), Denison (1967), 
Mankiw, Romer and Weil (1992), Rauch (1988) and Romer, (1989, & 1990). 

The exception is that human capital is weakly significant in explaining economic performance 
in low-income countries. This is could be attributed to the low quality of human capital and 
the high graduate unemployment rates in low-income countries, and possibly, the excessive 
out-migration of skilled labour from the developing world. 

5.2. Policy Recommendations
Certainly, the results of this paper may not settle the on going methodological and theoretical 
debate about how to proceed with studies that seek to explain income diversity across 
generations and nations. What is certain however is estimations techniques which do not 
control for the individual and/or time effects will invariably lead to bias and possibly 
inefficient estimators. In this regard, it is paramount for researchers to control for these 
effects in one way or other – a panel data approach is one of such methodological options 
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worth considering.

Since human capital is vital in explaining why some countries are classified as high- or middle-
income countries yet others are low-income or heavily indebted poor countries, issues relating 
to education and skills acquisition, health, and nutrition need to be look at. In particular, 
multinational institutions, Non-Governmental Organisations, donor agencies and individual 
countries are encouraged to take a critical look at their educational and human capital 
development policies. No effort should be spared towards improving the human capital 
situation, especially in the developing world.

That said, increasing enrolment rates, various levels of education, and/or increasing funding 
for education per se would not necessarily lead to economic growth and development. First, 
as the empirical results shows, the other two explanatory variables – investment in physical 
capital and population growth rates – are highly significant. Secondly, the individual intercepts 
which capture the contributions of other determinants (e.g. technology, institutions, incentives 
and good governance) of economic performance are highly significant. This implies that these 
variables also require attention. For instance, there is absolutely not point in increasing 
funding for education whilst corruption distorts incentives and there is no respect for rule of 
law and good governance. It is equally wasteful to invest in human capital when there is a 
complete institutional collapse. Thus, directing resources towards improving human capital 
should progress alongside improvement in these key determinants of economic performance.
Finally, the exodus of highly skilled labour from the developing world has to be curbed or, at 
least, minimised.

5.3. Recommended Areas for Further Research
As alluded to earlier, this study does not offer answers to all the questions that emerge every 
now and then. For instance, the findings of this study offer no insight regarding the stability of 
the parameters over time (i.e. whether the coefficients change over time). Furthermore, we are 
unable to tell whether the relationship between economic performance (here, income per 
capital) and human capital is non-linear. Indeed, the issues parameter stability and non-
linearity are very important for future studies to explore.  

The proxy for human capital in this study “level educational attainment” is clearly a superior 
proxy relative to the “literacy rate” as employed by P. Romer (1989) and “secondary school 
enrolment rate” by Mankiw et al (1992). Yet, one cannot escape the fact that it does not 
consider differences in the quality of the level of educational attained. In this respect, the 
UNDP’s Educational Index is a preferred proxy for education, and to some extent, human 
capital. That said, how do we incorporate the aspects of human capital attributable to informal 
education, on-the-job training (apprenticeship), learning by doing (experience), nutritional and 
health status? There are no easy answers to these issues. As new data bases and data points 
become available, future studies may consider the usage of broader and more appropriate 
proxies for human capital.

Finally, times series studies of individual countries is strongly recommended in order to 
ascertain the extent to which human capital in individual countries drive economic 
performance. The results of these studies would help design country-specific policies to 
address developmental issues. 
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APPENDICES

Appendix A: List of Countries and their Specific Effects

Table A. 1: High-Income Sample

Country Country Specific 
Effects

Country Country Specific 
Effects

Argentina 6.17 (17.81) Korea Rep      5.95 (20.04)

Australia 6.37 (18.90) Malaysia 6.31 (23.93)

Austria  5.85 (19.70) Mauritius 6.32 (21.75)

Barbados 6.21 (18.38) Mexico 6.40 (19.22)

Belgium 6.09 (23.33) Netherlands 5.95 (17.46)

Botswana 6.23 (18.34) New Zealand    6.23 (17.47)

Canada 5.80 (19.95) Norway  5.59 (18.27)

Chile 5.98 (21.73) Panama  5.30 (15.70)

Costa Rica 6.31 (18.55) Poland 6.46 (18.27)

Denmark 6.34 (18.77) Singapore 6.56 (20.61)

Finland 6.63 (20.37) Spain 6.20 (18.39)

France 6.15 (18.67) Sweden 6.16 (22.60)

Greece 6.20 (18.57) Trinidad & Tobago 6.26 (19.85)

Hong Kong    6.54 (19.52) United Kingdom 6.31 (19.14)

Iceland 5.98 (17.29) United States  6.02 (21.28)

Israel 6.64 (20.51) Uruguay 6.56 (23.55)

Italy   6.23 (17.68) Venezuela 6.25 (16.90)

Japan 5.39 (16.04)

t-ratios are in parenthesis

Table A. 2: Low-Income Sample
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Country Country Specific 

Effects 

Country Country Specific 

Effects

Algeria  8.28 (66.13) Malawi 6.42 (53.18)

Bangladesh 7.13 (62.29) Mali 7.06) (60.62)

Benin 7.72 (49.98) Mozambique 7.42 (74.50)

Bolivia 7.73 (65.62) Nepal 7.07 (60.95)

Brazil 8.32 (66.72) Nicaragua  8.02 (64.45)

Cameroon 7.67 (67.56) Niger 7.49 (60.41)

Central African Republic 7.54 (72.38) Pakistan 7.17 (58.32)

China   6.80 (57.84) Papua New Guinea 8.11 (68.61)

Colombia 8.16 (68.81) Peru 8.16 (63.68)

Dominican Republic 7.82 (65.50) Philippines 7.74 (60.67)

Ecuador 7.91 (60.67) Rwanda 7.27 (64.90)

Egypt 7.81 (71.36) Senegal 7.49 (64.50)

El Salvador    8.20 (75.36) Sierra Leone   7.23 (73.66)

Fiji  7.92 (65.73) South Africa 8.69 (72.73)

Gambia 7.48 (62.05)   Sri Lanka      7.29 (64.83)

Ghana 7.15 (58.00) Tanzania 6.27 (46.83)

Guatemala  7.51 (63.18) Thailand   7.64 (58.08)

Haiti 7.02 (71.72)   Togo 7.20 (63.31)

Honduras 7.68 (60.66) Tunisia 8.10 (67.01)

India 7.06 (61.15) Turkey 8.28 (69.24)

Indonesia 7.37 (64.66) Uganda 6.78 (58.53)

Jamaica 7.72 (63.96) Zaire 6.73 (57.87)

Jordan  8.20 (57.59) Zambia 7.01 (54.47)

Kenya 7.10 (56.07) Zimbabwe 7.72 (57.89)

Lesotho  6.93 (60.61)

t-ratios are in parenthesis

Appendix B: Pearson Correlation Matrix
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Table B. 1: Main Sample

Ln(Y/L) Ln(h) Ln(sk)

Ln(h) 0.764

Ln(sk) 0.633 0.371

Ln(n+g+δ) -0.655 -0.501 -0.501

Table B. 2: High-Income Sample

Ln(Y/L) Ln(h) Ln(sk)

Ln(h) 0.755

Ln(sk) 0.338 0.276

Ln(n+g+δ) -0.525 -0.431 -0.089

Table B. 3: Low-Income Sample

Ln(Y/L) Ln(h) Ln(sk)

Ln(h) 0.51

Ln(sk) 0.425 0.515

Ln(n+g+δ) -0.331 -0.188 -0.120

Appendix C: Linear Plots
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Figure C. 1: Linear Plot of Log Income per Capita: Main Sample
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Figure C. 2: Linear Plot of Log Human Capital per Capita: Main Sample
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Figure C. 3: Linear Plot of Log Physical Capital per Capita: Main Sample
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Figure C. 4: Linear Plot of Log Population Growth: Main Sample
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Appendix D: Results of the Various Estimations Techniques



Human Capital and Economic Performance: Empirical Evidence from Panel Data Analysis

30

Table D. 1: Results of the Various Estimation Techniques: Low-Income Sample

Table D. 2: Results of the Various Estimation Techniques: High-Income Sample

Table D. 3: Results of the Various Estimation Techniques: Main Sample

Pooled OLS 
Coefficients

One-Way 
Fixed Effects 
Coefficients

Two-Way 
Fixed Effects
Coefficients

One-Way 
Random Effects 
Coefficients

Two-Way
Random Effects 
Coefficients

Constants 7.13
(61)

- 7.63
(86.06)

7.48
(67.86)

7.55
(64.09)

Ln(h) 0.34
(7.72)

0.20
(6.32)

0.10
(1.87)

0.21
(7.26)

0.18
(4.33)

Ln(sk) 0.19
(4.35)

0.93
(2.86)

0.83
(2.54)

0.11
(3.34)

0.94
(2.95)

Ln(n+g+δ) -0.41
(-5.73)

-0.45
(-6.01)

-0.44 
(-7.11)

-0.45
(-8.45)

-0.48
(-8.23)

R2 0.36 0.90 0.90 0.36 0.36

Pooled OLS 
Coefficients

One-Way 
Fixed Effects 
Coefficients

Two-Way 
Fixed Effects 
Coefficients

One-Way 
Random Effects 
Coefficients

Two-Way
Random Effects 
Coefficients

Constants 6.21
(30.05)

- 7.69
(33.20)

6.17
(28.11)

7.35
(30.53)

Ln(h) 1.16
(14.75)

1.43
(14.65)

0.48
(4.41)

1.38
(17.50)

0.64
(6.47)

Ln(sk) 0.24
(3.96)

0.78
(0.91)

0.20
(3.63)

0.11
(1.88)

0.20
(3.78)

Ln(n+g+δ) -0.17
(-6.13)

-0.67
(-2.69)

0.26
(0.96)

-0.90
(-3.14)

-0.62
(-0.24)

R2 0.64 0.86 0.91 0.64 0.64
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Pooled OLS 
Coefficients

One-Way 
Fixed Effects 
Coefficients

Two-Way 
Fixed Effects 
Coefficients

One-Way 
Random Effects 
Coefficients

Two-Way
Random Effects 
Coefficients

Constants 6.83
(72.33)

- 6.97
(74.33)

6.94
(69.14)

6.94
(67.88)

Ln(h) 0.63
(15.25)

0.52
(10.98)

0.53
(11.31)

0.54
(15.07)

0.54
(14.70)

Ln(sk) 0.30
(7.33)

0.30
(7.08)

0.29
(7.49)

0.31
(8.68)

0.31
(8.54)

Ln(n+g+δ) -0.47
(-14.24)

-0.44
(-8.43)

-0.45
(-14.13)

-0.45
(15.18)

-0.45
(-15.05)

R2 0.70 0.90 0.90 0.70 0.70


