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Abstract

This paper uses panel data over the 1960-2000 period, a modified neoclassical
growth equation, and a dynamic panel estimator to investigate the effect of higher
education human capital on economic growth in African countries. Measuring
higher education as the average number of years of tertiary education attained by the
adult population, we find that higher education human capital has a relatively large,
positive, and significant effect on the growth rate of per capita income in African
countries. We estimate the growth elasticity of higher education human capital to be
about 0.11, an estimate that is three times as large as the growth impact of physical
capital investment. The results are robust to the inclusion of lower levels of educa-
tion in the growth equation. Our results are consistent with the results of earlier
research and have development policy implications for African countries.
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1. Introduction

“The main engine of growth is the accumulation of human capital---of knowledge--
-and the main source of differences in living standards among nations is differences
in human capital. Physical capital plays an essential but decidedly subsidiary
role.”, Lucas (1993), p. 270.

This paper uses panel data and a dynamic panel estimator to investigate the effects of higher edu-
cation human capital on the growth rate of per capita income in African countries during the
1960-2000 period. We do so by estimating an expanded neoclassical growth equation with higher
education human capital as an added regressor. We then compare the estimates of the growth
equation to the estimates from one that does not include higher education human capital as a
regressor.

The growth rate of income varies greatly across countries. This is true even in sub-Saharan
Africa, where there is a general agreement that the growth record has been nothing but “tragic”.
Between 1960 and 2000, aggregate Gross Domestic Product (GDP) grew at an average annual
rate of 1% in Sierra Leone, while it grew at about 10% in Botswana. If one were to assume a con-
tinuation of this trend, Botswana will double its GDP roughly every seven  years, while it will
take Sierra Leone more than 70 years to accomplish the same feat---a time period over which
Botswana would have increased its income by more than 1,000 times. 

What explains the large differences in the growth rates among countries in Africa? While there
has been a fixation on investment in physical capital as the source of this  difference,, there could
be other equally important explanations. Among these are differences in endowments of human
capital---a conclusion that lies at the core of endogenous growth theory. Human capital, broadly
defined, has several aspects, including education, training and health. In this paper, we explore
the growth effects of one aspect of human capital---the stock of higher education human capital.

Modern growth theory suggests that human capital, including education and health, has a strong
positive impact on economic growth and poverty alleviation. Indeed some researchers argue that
human capital is more important than physical capital in determining the pace of economic
growth. Although there are exceptions, empirical evidence also generally shows that human cap-
ital has a positive and statistically significant impact on the growth rate of per capita income.1 In
a recent study of Africa's growth experience , Artadi and Sala-i-Martin (2003) argue that if pri-
mary school enrolment rates at independence in African countries had been as high as those in
Organization of Economic Cooperation and Development (OECD) countries, the average growth
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rate of per capita income in Africa would have been 1.47% per annum higher than it was in the
last four decades. 

Instead of the 0.9% annual growth in per capita GDP recorded in Africa during the period under
consideration, per capita GDP would have grown by 2.37% a year, a growth rate that would have
more than doubled the per capita GDP over the 40 year period. On the other hand, had African
countries invested in physical capital at the same rate as OECD countries during the same period,
GDP per capita in Africa would have grown by 0.44% higher. This additional contribution to
growth  is only 30% of the additional contribution that education would have made. This sug-
gests that education has a much larger impact on economic growth in African countries than
physical capital.

While the empirical growth literature suggests that human capital has a positive impact on the
growth rate of income, it is not clear what level of education affects this growth.  Some research-
ers stress the importance of research and development (hence higher education) as the source of
growth (e.g. Hall and Jones: 1999), while others argue that primary education is the major source
of economic growth, at least in Less Developed Countries (LDCs) (Petrakis and Stamatakis:
2002). If educational attainment in countries increase with the level of income, it will not be sur-
prising that higher education becomes more important for the growth process as income levels
increase. This is because  higher income countries would have attained universal primary educa-
tion while LDCs would be increasing both higher and lower levels of education. If primary edu-
cation has any positive impact on growth, no matter how small, then by virtue of sheer numbers
and relative size, it is likely to have a large growth impact in LDCs. In a way, the growth effect of
primary education that researchers find in LDCs relative to that of higher education may be the
results of a scale effect.2 Since  education has a positive impact on economic growth, hence the
well-being of citizens, it is reasonable that society provide more education, at least up to the
point where the value of its marginal product equals the marginal benefit of an alternative use of
the nation's resources.

Policymakers understand the need to develop more human capital in developing countries, but
there is a debate as to what level of education deserves public support. Based on private and
social returns to education, it has been suggested that African countries support primary educa-
tion at the expense of higher education since the social returns to the former are much higher than
those of the latter. It is most likely that the growth impact of any level of education will be differ-
ent from the private returns to education, given that there are externalities associated with educa-
tion at any level. The debate over the growth impact of primary versus higher education seems to
suggest that these levels of education are substitutes. However, It is clear that higher education
and primary education are not substitutes but complementary, as you cannot have the latter with-



3

out the former. One way of evaluating the social effect of higher education is to estimate its
impact on the growth rate of per capita income. This is the approach taken here. The debate about
the relative efficiencies of primary versus higher education is not discussed; only the growth
impact of higher education in African countries.

Investigating the effects of higher education on economic growth has policy implications, espe-
cially in African countries where the stock of higher education is so low and its marginal product
is likely to be very high. If higher education has a significantly positive effect on the growth rate
of per capita income, then more resources should be devoted to its provision . The debate should
then focus on efficiency in production and on the type of higher education to be produced either
by the public sector or the private sector. In spite of the possible importance of higher education
in explaining income growth, very little empirical work has been done on the effects  on eco-
nomic growth in African countries. Given the low stocks of education in Africa, it is important to
find out if the growth rate of income is impacted in any way by the stock of higher education.
This paper contributes to the literature.

Specifically, we find that higher education human capital has a large, positive, and statistically
significant impact on the growth of per capita income in African countries, all things equal. A
one percent increase in the average years of higher education increases the growth rate of per
capita income by 0.11 percentage points per year, an effect that is more than three times as large
as the growth impact of investment in physical capital estimated in this study. Given that the
average growth rate of per capita income in African countries during the sample period was
about 0.1% per year, our estimates suggest that this growth  can be doubled by raising the supply
of higher education human capital to about 0.3 years from the current average of 0.16 years. Our
results suggest that increasing the stock of higher education human capital in African countries
will substantially increase the growth rate of per capita income and hence increase the living
standards of people in African countries.

2. Previous Work

While development economics has always emphasized the importance of education in the devel-
opment process, it is only recently that growth theory incorporated education into its analyses.
The empirical economic growth literature has increased exponentially; hence it is impossible to
review all of it in this  short article. We therefore review a few studies that emphasize the impor-
tance of secondary and higher education in the growth process in addition to those we have men-
tioned above. The review will be neither comprehensive nor detailed.
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The importance of human capital generally, and of education in particular in growth theory was
emphasized only in the 1980s and 1990s with the development of endogenous growth models
and the expanded neoclassical growth model of Mankiw, Romer and Weil (MRW). From a theo-
retical point of view, the expanded neoclassical growth model sees education human capital as an
added input; hence countries that have faster education growth rates will have faster growth rates
in the transition, and also have higher levels of income. Endogenous growth models generally
see education not as a traditional input into the production process but a process that changes the
production technology itself (new products, processes, or knowledge) (Romer: 1990, 1993,
Aghion and Howitt: 1998), or makes it easier to import and adapt foreign technology (Barro:
1999, 1997, Barro and Sala-i-Martin: 1995, Sala-i-Martin: 1997, Hall and Jones: 1999). Educa-
tion is subject to increasing returns so it could overcome the growth reducing effect of diminish-
ing returns to physical capital (Romer: 1986, Lucas: 1988). Kim and Kim (2000) argue that
education improves overall resource allocation in the economy by allowing an economy to
quickly shift resources to the most technologically dynamic sector, hence bringing the growth
rate of the aggregate economy closer to that of the fastest growing sector. In this sense, education
only improves the sectoral allocation of existing resources.

Thus, it appears that whether one looks at endogenous growth models or the expanded neoclassi-
cal growth model, there is a general agreement that education has a positive effect on the growth
rate of income. However, it is possible that a minimum level of education is required in order to
achieve any growth impact. Azariadis and Drazen (1990) and Rebelo (1991) develop models in
which a minimum stock of human capital is required to generate any growth in income. Until a
nation has achieved that threshold level of education, the economy will be stuck in a low level
equilibrium no matter what the stock of, and investment in physical capital are. In the same way,
Atardis and Sala-i-Martin (2003) argue that lack of education is one of the major determinants of
Africa's growth tragedy in the 20th century. Whatever the theoretical model indicates, the growth
effect of education is an empirical issue hence we review a few of the empirical works on the
growth rate of income.

Behabib and Spiegel (1994) investigate the effects of human capital on economic growth and
conclude that education has no direct effect on economic growth; it however affects economic
growth indirectly through technical progress. The higher the stock of education human capital,
the faster the technical progress. In this regard, education is not the usual production input. Barro
(1997, 1999) and Barro Sala-i-Martin (1995) measure education as the average years of second-
ary education of the adult population and find a positive and statistically significant relationship
between male education and income growth, but not for female education or primary education
for both genders. They interpret this to mean that education affects economic growth through
technical progress. Sala-i-Martin (1997) finds that education has a statistically significant effect
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on the growth rate of income in a large sample of countries. Artadi and Sala-i-Martin (2003) cal-
culate that had Africa's primary school enrolment rates been the same as those of OECD coun-
tries, average growth rate of GDP per capita would have been 1.47 percentage points higher than
it was over the 1960-2000 period. Mankiw, Romer, and Weil (1992) find that education, mea-
sured by the secondary school enrolment rate, has a positive, relatively large, and statistically
significant effect on the growth rate of income in a sample of 88 countries.

The studies mentioned above assume that educated people are productively employed, hence
contribute to output and economic growth. Betherlemy, Pressarides, and Aristomene (2002)
develop a model in which part of education human capital is devoted to rent seeking activities
rather than to production. Estimating this model with data from 54 countries, they find that
although education has a positive effect on the growth rate of income, the proportion of educa-
tion devoted to rent seeking activities substantially decreases the growth of income. For African
countries, they calculate that 40% of educated human capital is devoted to rent seeking activities,
thereby reducing the annual growth rate of income by 0.9 percentage points. This suggests that
the growth impact of education does not only depend on the quantity of education but also on the
proportion of educated people who are put to productive use.

None of the studies mentioned above have studied the growth impact of education generally and
higher education specifically in Africa. Whereas most studies look at the direct effects of educa-
tion on the growth rate of income, Appiah and McMahon (2002) investigate the direct and indi-
rect effects of education investment and income growth rate in African countries. Allowing for
feedback effects, they find that education positively affects the growth rate of income directly
and indirectly through its impact on the quantity and quality of other factors as well as on the
institutions of economic growth. Specifically, the paper finds that secondary school enrolment
rates have positive impacts on health, the environment, investment in physical capital and the
growth rate of income. In addition, education has a negative effect on crime rates and political
instability. Similar results were obtained by McMahon (1998) for Southeast Asian countries.

A few studies have investigated the effects of higher education on economic growth in recent
times. Agiomirgianaskis, Asteriou and Monasitiriotis (2002) use panel data to investigate the
effects of all levels of education on the growth rate of income in 93 countries. They find that edu-
cation has a positive and statistically significant effect on the growth rate of income and that the
higher the level of education (primary, secondary and tertiary), the stronger the growth impact of
education is, all things equal. Voon (2002) finds similar results for Hong Kong. Petrakis and
Stamatakis (2002) find that the growth effects of education depend on the level of development;
low income countries benefit from primary and secondary education but not tertiary education,
while the opposite is true for high income countries.
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All studies mentioned above measure education either as the years of secondary education, total
years of education attained, or some measure of enrolment ratio. As we argue above, enrolment
ratios are not reasonable proxies for a nation's stock of education. Besides, our focus in this study
is on the effect of higher education on the growth rate of income; and also the effect of the stock
of, rather than additions to, higher education human capital on economic growth.

3. Econometric Model and Estimation 
Method

Economic model

The approach we use to estimate the effect of higher education on income growth in African
countries is a very simple one: we estimate an expanded neoclassical growth equation of the
MRW type that uses higher education as our measure of human capital. Secondary education was
then added as another regressor to see if the growth impact of higher education is robust to its
inclusion in the equation. Since this model is well developed elsewhere, we do not repeat it here
but refer the reader to MRW (1992). However, one modification is made to the model: the inci-
dence of civil war is included as a regressor in the growth equation. Several studies indicate that
civil war negatively affects the growth rate of income (Gymhah-Brempong and Traynor: 1999,
Barro: 1993, Atardis and Sala-i-Martin: 2003, among others). Given the prevalence of civil wars
in many African countries during the sample period, it is important to account for this phenome-
non. Another reason for including civil war  is that these wars are seen as the manifestation of
weak or inefficient institutions, and institutions are very important for economic growth. 

There are several reasons why education would have positive effects on the growth rate of
income. In endogenous models, this can take place through technical progress either developed
domestically or through adoption and adaptation of foreign technology to local conditions. Exter-
nalities and increasing returns involved in the creation or adoption of new knowledge may be
strong enough to overcome the diminishing returns tendency associated with physical capital
accumulation, thus ensuring long-term growth of income. Greiner and Semmler (2002) find that
there are positive externalities in investment in physical capital only when nations devote time
and resources to education, which explains why some developing countries demonstrate conver-
gence while others do not. Education is also likely to increase the efficiency with which other
inputs are used, hence contributing to increases in total factor productivity (TFP), and therefore
economic growth. We note that technical progress, either domestically developed or imported, is
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not likely to depend on primary education, but rather on higher education (Hall and Jones: 1999)
since primary education is not likely to be enough to create and adopt new technologies; on the
other hand, higher education may be a necessary but not sufficient condition. Education is also
likely to improve the quality and quantity of other inputs as well as improve the institutional
environment in which growth takes place. For example, education improves health and physical
capital formation, which are themselves important determinants of economic growth (Nelson and
Phelps: 1966, Gyimah-Brempong and Wilson: forthcoming, among others).3

Gradstein and Justman (2002) argue that the impact of education on economic growth is more
through its impact as a socializing force rather than through technical progress. Education, they
argue, reduces the cost of enforcing desirable social norms, lessen the potential for ethnic con-
flicts in ethnically diverse societies, as well as lowers transaction costs by shrinking social dis-
tance between individuals in a society. Given the extent of ethnic fractionalization in African
countries, these are likely to be important growth factors in Africa. It is unlikely that the last two
channels of socializing forces of education can be achieved through primary education since this
level of education generally takes place at the local level while higher education takes place at
national levels and therefore transcends ethnic divisions.

This paper lays emphasis on  the stock of higher education human capital rather than the invest-
ment in human capital because we believe that growth impulses in African countries originate
from the external environment, and the ability to harness and manage these impulses determines
the speed with which African countries grow. The ability to harness and manage these external
impulses depend upon the stock of higher education human capital that is put to productive use
rather than the investments in higher education. Investment in higher education may affect the
future stock of higher education human capital, however output and economic growth are deter-
mined by the current stock.

We note that trying to capture the benefits of education by merely focusing on growth of income
may not do justice to the benefit of education to society. Although education is likely to affect the
productive capacity of the economy directly, it is also likely to have many other social benefits.
For example, education may affect the rate of growth, and the efficiency of physical capital:
increasing human capital could raise the rate of return on physical capital if both were to be com-
plements. In addition, increased female education has been shown to reduce fertility (Ainsworth,
Beegle, and Nyamete: 1996), which may free resources in developing countries to increase nutri-
tion and health of children. Improved health itself increases the growth rate of countries (Artidi
and Sala-i-Martin: 2003, Gyimah-Brempong and Wilson: forthcoming). Educating one genera-
tion will have beneficial effects on future generations: children are more likely to go to school if
their parents are educated. Education also leads to better citizenship and social cohesion. One
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also has to remember that education may be a consumption good itself, hence directly influenc-
ing the quality of life.

Based on the discussion above, the variant of the MRW growth equation we estimate takes the
following form: 

(1)  

where  is the annual growth rate of real GDP per capita (in constant 1995 US$), higher is the
stock of higher education, p is the natural logarithm of the sum of average annual population
growth rate, depreciation rate, and technological progress for country, and k is capital formation.
We proxy savings by k, which denotes gross capital formation as a percentage of GDP, civwar is
the incidence of civil war, and y0 is the initial level of GDP per capita for each five year period
under consideration. In accordance with the empirical growth literature, we expect the coeffi-
cients of higher and k to be positive while those of p and civwar  to be negative. If conditional
convergence operates in African countries, we expect the coefficient to y0 to be negative.

Estimation Method

The regressor of major interest in this paper is the stock of higher education human capital
(higher). However one measures this variable---absolute number of people attaining or enrolled
at a certain level of education or the proportion of the population attaining or enrolled at a given
level of education or the average years of education attainment by the population---the stock of
education human capital increases with the level of per capita income across countries and
through time for a given country (Barro and Lee: 2000). This makes higher, and indeed any mea-
sure of education, an endogenous regressor, implying that an Ordinary Least Squares (OLS) esti-
mator or the Fixed Effects (FE) estimator will produce inconsistent estimates of the effects of
higher education on economic growth.

The growth equation is estimated with data from 34 African countries over the 1960-2000
period. The error term in (2) is a composite error term that contains a country specific compo-
nent, a time component and an idiosyncratic component. The composite error term is given as:

where  is country effect,  is time component, and  is white noise. The
unobservable country fixed effects are correlated with the regressors. The endogeneity of higher
as well as the correlation of the unobserved country fixed effects with the error terms implies that
the orthogonality conditions between the error terms and the regressors are not likely to be met
for RE or FE estimators to produce consistent estimates. One can however achieve orthogonality
through appropriate differencing of the variables.

y&

it ie = t itvη ε+ + iη tε itv

0 2 0 3 3 4 5y= y higher k p civwar eα α α α α α+ + + + + +&
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The equations we estimate contain endogenous as well as lagged dependent regressors. There-
fore the error terms in the differenced equations are correlated with the lagged dependent vari-
able through contemporaneous terms in period t-j even if there were no unobserved country or
time fixed effects that are correlated with the regressors.

It is well known that both the FE and RE estimators produce biased and inconsistent estimates in
the presence of dynamic and endogenous regressors (Baltagi: 1995). Caselli et al (1996) argue
that growth equations, by their nature contain endogenous regressors as well as dynamics, hence
neither the RE nor the FE estimator is an appropriate estimator. An instrumental variables (IV)
estimator that can correct for correlated fixed effects as well as account for endogeneity of
regressors is therefore needed. An IV estimator that is appropriate for the estimation of growth
equations based on data is the Dynamic Panel estimator developed by Arellano and Bond (1991)
as part of their DPD programme written for GAUSS. The DPD estimator is an IV General
Method of Moments estimator that is similar to an efficient Three Stage least Squares (3SLS)
estimator. The dynamic panel estimator is given as: 

(2)

where  is the vector of coefficient estimates on both the endogenous and exogenous regres-
sors,  and  are the vectors of first differences of all the explanatory variables,   is the vec-
tor of instruments and  is a vector used to weight the instruments. The estimator uses all
lagged values of endogenous and predetermined variables as well as current and lagged value of
exogenous regressors as instruments in the differenced equation. For example, for the equations:

, we use ,  and  as instruments. For the  equation,
, ,  and  serve as valid instruments. Instruments for other cross sectional equations

are constructed similarly. These instruments are correlated with the endogenous regressors but
not correlated with the error terms, hence they are “good” instruments. Estimates can be obtained
for “levels”, first difference, or orthogonal deviations of the data.4 We present estimates in all
three levels as a form of specification of the estimates. The estimator requires the absence of
serial correlation among error terms.

Arellano and Bond proposed two estimators - one and two-step estimators - with the two-step
estimator being the more efficient estimator. In the one-step estimator, the weighting matrix is
given by  where H is a T-2 square matrix with 2s in the main diagonal,
-1s in the first subdiagonal, and zeros elsewhere. The two-step estimator is obtained when the
weighting matrix is given by  where vi is the residual obtained from a
preliminary consistent estimate of . We report the two-step estimates in this paper.

Θ̂
X y Z

NA

3 2 3 3i i i iy y xα β ζ∆ = ∆ + ∆ + ∆ 1iy 1ix 2ix 4iy∆
1iy 2iy 1ix 2ix

( ) 11 '
N i i iA N Z H Z

−−= ∑
1 '
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θ
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In estimating the model, we lag all variables by one period to ensure that  can be treated as
exogenous in period t. This allows us to use all values of  up to  as valid instruments for

. The linear moment restriction implied by the model is  for
, where  is the vector of lagged endogenous and strictly exogenous

regressors. The consistency of the estimates hinges on the assumption of lack of autocorrelated
error terms. Therefore, we test for the absence of serious correlation of the error terms. We also
perform Sargan test of over-identifying restrictions, which is a joint test of model specification
and appropriateness of the instrument vector. If all regressors are strictly exogenous, both the
dynamic panel GMM estimator and FE estimator are consistent but the latter estimator is effi-
cient. On the other hand, if there are endogenous explanatory variables, the FE estimator is
inconsistent. Therefore we test for the strict exogeneity of all regressors using a Hausman exoge-
neity test. We included time dummy variables as regressors in all three specifications.

4. Data
The dependent variable in our model is the growth rate of per capita income . We measure 
as the annual growth rate of real GDP per capita in 1990 US$. The explanatory variables are
investment in physical capital, the stock of higher education human capital (higher), the sum of
average growth rate of population, depreciation, technical progress (p), the incidence of civil war
(civwar), and initial level of income in a period ( ). We follow earlier researchers and measure
investment in physical capital (k) as the investment/GDP ratio in a period. Following MRW, we
measure the sum of depreciation and technical progress to be 0.05, hence p is given as the sum of
population growth rate and 0.05. civwar is measured as the predicted probability of the incidence
of a civil war in a country in a given period. Variables used to predict the probability of civil war
are the effectiveness of the legislature (legeffct), primary export dependency (primary), and
index of civil liberties (civ).  is measured as the real per capita GDP at the beginning of a
period. For example  for the 1960-1964 period is real per capita GDP for 1960.

We are concerned with the effects of higher education on economic growth in Africa. Several
approaches have been used to measure educational attainment in the empirical growth literature.
While some researchers use enrolment ratios (e.g. Barro: 1999, 1997, Petrakis and Stamatakis:
2002), others use the proportion of the population that has attained a certain level of education
(Atardis and Sala-i-Martin: 2003); still others use expenditures on education as the measure of
education. We do not believe that either enrolment ratio or expenditure on education is an appro-
priate measure of education when one is interested in the effects of education on growth since
neither measures education available for productive purposes. Enrolment ratios and expenditure
on education only reflect addition to the future potential human capital. However, what is rele-

1ty −

tx 1tx −
ˆtx ( ), 1 ,' 0i t i t i t jE y X X− −

⎡ ⎤∆ − ∆ Θ =⎣ ⎦
%

2,..., 1j t= − ( )1' ,tX y X−=

y& y&

0y

0y
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vant for growth in the current period is the available human capital in the current period that is
used for production.

Based on the arguments above, we measure higher education as the average numbers of years of
higher education completed by the adult population (25 years or older) in a country in a period.
We have chosen this measure of education because it shows  the quantity of higher education
human capital available for productive purposes and therefore relevant for economic growth. It is
possible that faster economic growth causes increased investment in higher education, hence
increases the stock of higher education human capital in subsequent years. To overcome this pos-
sible reverse causality, we measure higher as the average number of years of higher education
attained by the adult population at the beginning of a period. For example, higher for the 1970-
1974 period is the number of years of higher education in 1970. We note that our measure of edu-
cation has its own weakness. In particular, we are not able to account for the quality of education
or the proportion of those with higher education who are productively employed. These failures
could affect the impact of higher education human capital on economic growth. Our results
should therefore be interpreted with this measurement problem in mind.

Data on most of the economic variables ( , , k, popgrow) were obtained from the World
Bank's World Development Indicators, 2001, (Washington DC: World Bank, 2001) and were for
the years 1960 to 2000. Data for civwar were obtained from Singer's Correlates of War Project:
Internal War Data, 1816-1998, ICPSR 09905 (University of Michigan, Ann Arbor, Michigan).
Data on legeffct, and civ were obtained from Robert Bates' African Research Project at Harvard
University, downloaded from the Project's website.5 Data for education were obtained from
Barro and Lee (2000), Human Capital Updated Files downloaded from the Center for Interna-
tional Development website.6 The data for the calculation of primary were obtained from various
issues of the United Nations' Statistical Yearbook.

The data are for 34 African countries over the 1960-2000 period.7 We follow the usual practice in
the empirical growth literature by taking five-year averages of the variables. This approach
potentially gives us 340 observations for estimating  the growth equation. However, we did not
have data on all variables for all countries for all years hence we had an unbalanced panel of 186
observations for estimating the growth equation. Summary statistics of the sample data are pre-
sented in Table I. It is clear that the growth rate of per capita GDP was very low during the sam-
ple period as compared to the experiences of other parts of the developing world. Population
growth was very high, the level of higher education very low, and the level of per capita income
very low. The summary statistics confirm the observation by Easterly and Levine (1997) that
Africa's growth record, thus far, has been nothing but tragic.

y& 0y

0y
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5. Results

GMM coefficient estimates of the growth equation are presented in Table 2. All equations
include time dummy variables.8 Column 4 presents the levels equation, column 5 the first differ-
ence equation, while column 6 presents the orthogonal deviation equation. For the purposes of
comparison, we present FE estimates of the growth equation in column 2 of Table 2. The regres-
sion statistics for the DPD estimates indicate that the model is well specified and fits the data rel-
atively well. In particular, there is no first order serial correlation at  and the Sargan test
statistic, which is a test of identification, and indicates that the model is well specified with the
appropriate instrument vector in all specifications. The Hausman statistics reject the null hypoth-
esis that all regressors are exogenous. All coefficient estimates have the expected signs and most
of them are significantly different from zero at  or better. However, this is not the case
for the FE estimates presented in column 2. In particular, most of the coefficient estimates are not
significant and some of the coefficients, especially the coefficient of higher, have the wrong
signs. The Hausman exogeniety test statistic also rejects the hypothesis that all regressors are
exogenous at any reasonable degree of confidence. Thus the dynamic panel estimator, rather than
the FE, is the appropriate estimator to use to estimate the growth equation. Therefore, all discus-
sions of the results will be based on the DPD estimates in columns 3-6.

The coefficient of p is negative but insignificant in all three specifications. The coefficient of k is
positive and significantly different from zero at  in all specifications with an estimated
growth elasticity of about 0.03. The coefficient estimates suggest that investment in physical cap-
ital has a statistically significant positive impact on the growth rate of income in African coun-
tries, all things equal. The coefficient of  is negative and significant at  in all
specifications, suggesting the existence of conditional convergence in African countries. The
coefficient of civwar is negative, relatively large, and significantly different from zero at

, suggesting that the incidence of civil war has a very large and statistically significant
negative impact on the growth rate of per capita income in African countries. These results are
consistent with the results of earlier researchers who find a positive relationship between the
growth rate of per capita income and investment rate (Barro: 1997, Barro and Sala-i-Martin:
1995, Caselli et at: 1996, Mankiw, Romer, and Weil: 1992, Temple: 1999, among others) and a
negative relationship between economic growth and civil war incidence (Gyimah-Brempong and
Traynor: 1999, Barro: 1977, among others).

The coefficient of higher is positive, relatively large and significantly different from zero at
 or better in all three specifications. This suggests that the stock of higher education

human capital has a large, positive, and statistically significant impact on the growth rates of
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income in African countries. The income growth elasticity of higher education of about 0.11 is
about three times as large as the income growth elasticity of investment in physical capital of
0.03 in our estimates, a result that is similar to that of Atardi and Sala-i-Martin (2003). This esti-
mate suggests that higher education human capital may be more important for growth in African
countries than physical capital investment. Perhaps, this relatively large growth impact of higher
education stems from the fact that Africa has very low stocks of higher education human capital,
making its marginal contribution of growth relatively large.

The results presented in Table 2 only take account of the effects of higher education on economic
growth. It may be argued that this result reflects the effects of both higher education and lower
levels of education since by definition, one has to obtain a lower level of education (such as sec-
ondary education) before receiving higher-level education. To test the possibility that our results
reflect the effects of lower levels of education, we estimated the growth equation with both
higher education and secondary education attainment (secondary) as regressors. We measured
secondary as the difference between the proportions of the adult population that has completed
secondary education and those that have higher education.9 The data for secondary were
obtained from Barro and Lee (2000). The coefficient estimates of this expanded regression is
presented in Table 3. Column 2 presents the levels equation, column 3 presents the estimates for
the first difference equation, while column 4 presents the orthogonal deviation estimates. The
regression statistics indicate that the model fits the data relatively well as indicated by the joint
test of significance, lack of serial correlation test, Hausman exogeneity test, and the Sargan test
statistics.

The coefficient p in Table 3 is insignificant in all equations as in Table 2. The coefficient of k is
positive and statistically significant at , indicating that investment in physical capital has
a positive effect on the growth rate of per capita income in African countries, all things equal.
The coefficient of civwar is negative and significant at , indicating that the incidence of
civil war decreases the growth rate of per capita income in African countries, all things equal.
The coefficient of  is negative and significant indicating that there is conditional convergence
in African countries. The coefficient of secondary is positive and significantly different from
zero at  or better, indicating that secondary education has a positive and significant effect
on the growth rate of per capita income. The coefficient of secondary ranges from 0.02 in the lev-
els and orthogonal deviation estimates to 0.05 in the first difference equation.

The coefficient of higher is positive and significant at  in all specifications, with esti-
mated growth elasticities of about 0.11 in all equations, estimates that are about two to five times
as large as the effects of secondary education on the growth rate per capita income. The inclusion
of secondary education in the economic growth equation does not qualitatively and quantitatively
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affect the growth impact of higher education in African countries. In particular, the coefficient of
higher does not change sign or absolute magnitude when secondary is added as a regressor to the
growth equation. This suggests that after accounting for the effect of secondary education, higher
education has a statistically significant positive effect on the growth rate of per capita income. It
is therefore reasonable to conclude that the growth effect of higher education is separate from the
growth effect of lower levels of education. The estimated effect of higher education on the
growth rate of per capita income is much larger than the effect of lower levels of education on
growth as proxied by secondary education.

We note that the estimates in Table 3 are similar in absolute magnitude and statistical signifi-
cance as their counterparts in Table 2, suggesting that including secondary education as a regres-
sor does not affect the estimated coefficient of higher education in the growth rate of per capita
income equation. This indicates that our result that higher education has a positive effect on the
growth rate of per capita income in African countries is not being driven by the effect of lower
levels of education human capital on the growth rate of income. We conclude from this exercise
that our results are robust to the inclusion of secondary education as a regressor in the growth
equation.

What is the effect of excluding higher from the growth equation? Does the exclusion of higher
from the growth equation have any impact on the coefficient estimates of the variables? To inves-
tigate this issue, we re-estimate the growth equation without higher and compare the estimates
with those of the full equation. We call this equation the “truncated” equation. Estimates of the
“truncated” equation using the levels estimator are presented in column 3 of Table 2. The coeffi-
cients of k, , p, and civwar are as expected, and with the exception of p are all significantly
different from zero at  or better. The estimates from the truncated equation are similar to
those of the full equation, especially in terms of signs of the coefficients. There are, however,
some qualitative as well as quantitative differences between the estimates in the truncated equa-
tion shown in column 3 and the full equation shown in column 4. First, there are large quantita-
tive differences between the coefficient estimates of the truncated equation and those of the full
equation. Specifically, the coefficient estimates of the truncated equation are smaller in absolute
magnitude than their full equation counterparts. A Hausman test to test the equality of the two
sets of coefficients produced a  statistics of 86.218, leading us to reject the null hypothesis of
equality between the two sets of equations. This suggests a downward bias of the coefficient esti-
mates of the growth equation when one excludes higher education. Second, the joint test of sig-
nificance of the truncated equation is far lower than its full equation counterpart, suggesting that
perhaps the truncated equation excludes an important explanatory variable. Third, the coefficient
estimates of the truncated equation are less precisely estimated than those of the full equation.
Finally, the exclusion of higher results in serially correlated errors suggesting possible omitted
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variable bias. The conclusion we draw from a comparison of the estimates in columns 3 and 4 is
that the exclusion of higher from the growth equation results in a misspecification of the equa-
tion, hence it may result in biased coefficient estimates.

Our estimates suggest that higher education has a positive and statistically significant impact on
the growth rate of GDP per capita income in African countries. Our results are also robust to the
inclusion of lower levels of education human capital and are consistent with the results of earlier
research that finds that education, generally, and higher education in particular is positively cor-
related with the growth rate of income. These results are also consistent with Artadi and Sala-i-
Martin's (2003) conclusion that low levels of education human capital is one of the major causes
of Africa's economic growth “tragedy” in the 20th century and that improving education could
help prevent economic stagnation in Africa in the 21st century. The growth impact of higher edu-
cation in African countries we find in this paper is likely to be a lower bound effect since we are
not able to account for the indirect effects through increased quantity and improved quality of
resources.

Results from Barro and Sala-i-Martin (1995) suggest that when initial human capital/physical
capital ratio is greater than the optimal ratio, economic growth rate increases with this imbalance.
On the other hand, if the initial ratio is less than the optimal ratio, economic growth rates
decreases with the imbalance. Countries are therefore less likely to recover from a shortage of
human capital than they are likely to recover from shortage of physical capital. Our result that the
stock of higher education human capital has a positive and significant effect on the growth rate of
per capita GDP in African countries is consistent with this observation. Low initial higher educa-
tion human capital in African countries may imply that the human/physical capital ratio is below
the optimal ratio, thus decreasing Africa's growth performance. It is interesting to note that
Africa's economic stagnation has coincided with the period of massive brain drain to the devel-
oped world or to more affluent parts of the developing world. While our result suggests that Afri-
can countries should invest in higher education as a means of ensuring fast growth rates, it is
important that these countries take steps to stem the tide of massive brain drain as well as attract
those who have left back.

The implication of the estimates in Tables 2 and 3 is that African countries can accelerate the
growth rate of income by increasing their acquisition of higher education human capital. While
physical capital and higher education human capital are likely to be complementary in the growth
process, given the magnitudes of the coefficient estimates in Tables 2 and 3, African countries
can still improve their economic growth rate by substituting the acquisition of higher education
human capital for the acquisition of physical capital if they are forced by severe resource con-
straints to make a choice between the two factors. After all, the elasticity of growth with respect
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to higher education human capital is about three times that of physical capital. One also has to
consider the fact that higher education has externalities not captured in this study that physical
capital may not have. The results of the estimates imply that increasing the stock of higher educa-
tion human capital can substantially increase the growth rate of per capita income in African
countries.

The estimated effect of higher education on economic growth in Africa we find in this paper is
therefore likely to be a lower bound of the impact of higher education on economic growth. In
particular, we do not take into account other possible externalities of education that could impact
economic growth. In particular, there are three indirect channels through which higher education
could affect the growth rate of per capita income that we do not discuss in this paper. First, higher
education may increase the ability of an economy to import and adapt foreign technology to the
local economy thereby increasing productivity and economic growth. Second, higher education
is likely to improve health of the population as a whole and as a result lead to higher productivity
and growth. Finally, higher education is likely to lead to improved performance of institutions
that enhance economic growth.

Our results that higher education human capital is positively correlated with economic growth in
Africa is, however, indicative rather than definitive and should therefore be interpreted with cau-
tion. In particular, we did not develop a structural model in which the mechanisms through which
higher education affects economic growth were investigated. Our measure of higher education
human capital stock does not account for the quality of higher education human capital or the
proportion of the higher education human capital stock that is productively employed. These fac-
tors are likely to affect the growth impact of higher education human capital we calculate in this
study.

6. Conclusion

The paper used panel data for the 1960-2000 period and a dynamic panel estimator to investigate
the effects of higher education human capital on the growth rate of per capita income in African
countries. Using the augmented neoclassical growth model of Mankiw, Romer and Weil (1992),
we find that the stock of higher education human capital has a relatively large and statistically
significant effect on the growth effect of investment in physical capital. We find that the marginal
growth effect of the stock of higher education human capital is about three times as large as the
growth impact of physical capital investment. This may imply that the exclusive emphasis on
increased physical capital investment as the way to increase the growth of income in African
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countries may be misplaced. The result is also robust to the inclusion of secondary education as a
regressor in the growth equation. We also find that the marginal growth impact of higher educa-
tion is higher than the marginal growth impact of lower levels of education, a result that is not
surprising given the low stocks of higher education human capital in African countries. This sug-
gests that the debate as to whether to increase the provision of primary or higher education in
African countries addresses the wrong issues. Perhaps, the emphasis should be on how to provide
more of all levels of education more efficiently.

There are both research and policy implications flowing from our results. Given the differential
marginal use impacts of higher and lower levels of education human capital, it may be necessary
for researchers to disaggregate education into different levels in order to be able to identify the
true effects of  different levels of education on economic growth. Using one aggregate measure
of education is likely to cause the usual aggregation bias. Besides disaggregating education is
more likely to provide better guidance to policy makers since it can give an indication as to
which level of education to emphasize in policy formulation. The results of the estimates imply
that increasing the stock of higher education human capital can substantially increase the growth
rate of per capita income in African countries. Since attaining independence in the 1960s, Afri-
can countries have spent a relatively large proportion of national resources on the provision of
higher education, producing relatively large stock of high caliber graduates. However, a large
proportion of this higher education human capital is not available for employment in African
countries because they have emigrated to developed countries.10 Our result also suggests that
African countries should take steps to stem the tide of this massive brain drain they continue to
suffer. In addition, they should make a concerted effort to attract the expertise of these emigres
back home to help in the development process. There are indications that African policy makers
recognize this and are beginning to make efforts to attract the energies of those in the African
diaspora.

7. Notes 

1. See Temple (1999) for an excellent review of the empirical growth literature.

2. We do not investigate the scale effects in this paper. Our main concern is to establish the
growth impact of higher education rather than the relative importance of primary and higher edu-
cation in the growth process.
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3. Kalemli-Ozcam (2003) argues that the causation is from health to education rather than the
other way round. Regardless of the direction of causation, education (both quality and quantity)
and health are simultaneously determined.

4. Orthogonal deviations expresses each observation as the deviation from the average of future
observations in the sample for the same country, and weighs each deviation to standardize the
variance. Formally, the orthogonal deviation of the variable  is given as:

  for t=1,....,T-1.

Arellano and Bond show that if the original errors are uncorrelated and homoskedastic, the trans-
formed errors will also be uncorrelated and homoskedastic.

5. Found at http://www.gov.harvard.edu/research.bates

6. Found at http://www.cid.harvard.edu/ciddata/ciddate.html

7. The periods included in this variable are 1960-1964, 1965-1969, 1970-1974, 1975-1979,
1980-1984, 1985-1989, 1990-1994, and 1995-1999. The countries in the sample are Algeria,
Angola, Benin, Botswana, Burundi, Cameroon, Central Africa Republic, Congo, Egypt, Gambia,
Ghana, Guinea-Bissau, Kenya, Lesotho, Liberia, Malawi, Mali, Mauritania, Mauritius, Mozam-
bique, Niger, Rwanda, Senegal, Sierra Leone, South Africa, Sudan, Swaziland, Tanzania, Togo,
Tunisia, Uganda, Zaire (DRC), Zambia and Zimbabwe.

8. We do not present the coefficient estimates of the time dummies for space considerations.
They are available upon request form the authors.

9. We note that this measure of secondary education human capital is slightly different from the
measure of higher we use in this study.

10. The effects of emigration on the loss of higher education human capital to African countries
is likely to exceed what the numbers indicate. Generally those who emigrate are likely to be the
most capable, productive, and energetic who are most likely to succeed in an internationally
competitive labor market. These are the ones who may be the ones likely to contribute the most
to economic growth.
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9. Tables

Table 1: Summary Statistics of Sample Data

Variable Label Mean Std. Dev. Minimum Maximum

GDP growth rate y 0.1023 2.2109 -2.6029 3.4317

Investment/GDP (%) k 21.5721 30.1709 0.0001 73.1000

Higher Education (years) higher 0.167 0.127 0.0013 0.213

Per Capita GDP (1995US$) y 853.96 1178.27 58.00 8510.31

Civil War civwar 0.123 - 0.00 1.00

Population Growth popgro 2.629 0.1061 1.3593 3.5348

Primary Export Dependence primary 16.431 12.5241 8.683 47.892

Legislative effectiveness legeffct 1.078 0.6930 0.0 1.00

Civil Liberties Index civ 0.3204 0.2281 0.00 0.8333

*: these are weighted averages
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Table 2: GMM estimates of growth rate equation

Variable FE Coefficient Levels DPD Levels Estimates First
Diff

Orth. Dev.

p 0.0624 -0.0169 -0.0022 -0.0039 0.0023

(1.3283) (0.8148) (0.9812) (0.7713) (0.9812)

K 0.1481** 0.0264*** 0.0318*** 0.0329*** 0.0319***

(1.9863) (2.9862) (4.6092) (3.6677) (4.6092)

higher -0.0249 0.1208*** 0.1166*** 0.1211***

(1.3962) (4.9883 (4.2962) (4.9683)

-0.0052*** -0.0027** -0.0038*** -0.0045*** -0.0038***

(2.4781) (2.2452) (2.9396) (4.5799) (2.939)

civwar -10.3614*** -0.1842*** -7.5213*** -6.8597*** -7.2157***

(4.8131) (3.9853) (5.9872) (6.9218) (6.8912)

1st order1 2.6092 [23] 3.8691 [23] -1.073 [23] 1.256 [23] 1.073 [23]

2nd order1 1.7364 [21] 2.2241 [21] 0.312 [21] 0.174 [21] 0.312 [21]

Jt. test of Sig. 49.9848 [4] 72.3644 [5] 108.836 [5] 72.3644 [5]

Sargan test 13.8952 [13] 16.319 [17] 15.495 [17] 16.3194 [17]

Hausman m 69.7341 86.3291 [4] 90.632 [5] 80.913 [5] 88.214 [5]

Jt. Sig. Time 581.3489 [5] 262.3421 [5] 588.069 [5] 805.106 [5] 729.324 [6]

Wald Test 36.8315 59.8358 59.3182 63.1563

F 38.5932

R2 .4368

1: of serial correlation, + absolute value of asymptotic 't' statistics calculated from heteroskedastic consistent standard errors in paren-
thesis. *: 2 tail significance at , **: 2 tail significance at , ***: 2 tail significance at , ++ Wald test
to test significance of higher. 

Note: all estimated equations included time dummy variables

.1 0α = . 0 5α = . 0 1α =
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Table 3: GMM estimates of growth rate equation

Variable Coefficient Levels First Diff. Orth. Dev.

p -0.0022 -0.0039 -0.0023

(0.9812) (0.7713) (0.9812)

k 0.03412*** 0.033229*** 0.03821***

(4.3092) (3.9677) (4.3092)

higher 0.1189*** 0.1202*** 0.1111***

(4.8834) (4.0862) (4.8623)

-0.0038*** -0.0045*** -0.0038***

(2.9396) (4.5799) (2.939)

civwar -8.2108*** -6.9821*** -7.9987***

(5.7219) (6.4212) (5.9812)

secondary 0.0193* 0.0574** 0.0210*

(1.7273) (2.2077) (1.7277)

1st order1 -0.987 [23] 1.018 [23] 0.892 [23]

2nd order1 0.203 [21] 0.104 [21] 0.212 [21]

Jt. test of Sig. 86.3644 [6] 112.2364 [6] 82.8631 [6]

Sargan test 16.368 [17] 13.449 [17] 16.3142 [17]

Hausman m 93.832 [17] 79.613 [6] 89.891 [6]

Jt. Sig. Time 518.709 [5] 758.186 [6] 702.813 [7]

Wald Test 66.7158 72.1726 69.8934

1: of serial correlation, + absolute value of asymptotic 't' statistics calculated from heteroskedastic con-
sistent standard errors in parenthesis. *: 2 tail significance at , **: 2 tail significance at

, ***: 2 tail significance at , ++ Wald test to test significance of higher and second-
ary. 

Note: all estimated equations included time dummy variables
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