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ABSTRACT

This study applies the cross-country growth accounting regressions derived from the
augmented Solow-Swan model to ascertain the growth effects of education in CEE
and Balkan countries. We firstly test whether the total stock or accumulation of
education matters more for corresponding countries’ growth and afterwards we
decompose the total stock into educational stocks at primary, secondary and tertiary
levels to test whether the disaggregated educational levels have different growth
effects. We do so by applying the panel fixed effects technique on 17 CEE countries
during the 1990-2010 period. In addition, we address the endogeneity of education by
using the lags of different educational proxies as instruments. The results suggest that
the average stock of education is significantly contributing to economic growth of
CEE countries with the biggest growth effect of tertiary education. Regarding the
Balkan countries only, the growth effect of education is almost a null. We conclude
that one cannot have economic growth without a good educational system and
efficient usage of human capital. Thus, the policy implications should be related to
the proper identification of the quality of educational governance, problem of
mismatch on labor market and better utilization of human capital.
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1. INTRODUCTION
Since the beginning of the previous century, both microeconomists and
macroeconomists magnified their tendencies toward the growth returns to education
and human capital. Even though the general findings of the Mincerian (1974) wage
regressions were that education was the one of the crucial factors predicting the
lifetime income, the aggregated growth regressions could not support this finding.
That is, although some of the earlier studies (e.g. Barro, 1991, and Mankiw, Romer
and Weil, 1992) indeed found both large and statistically significant growth effects of
education, many of the later studies (e.g. Benhabib and Spiegel, 1994, and Pritchett,
2001) found statistically insignificant and, more surprisingly, negative coefficients.
Thus, as opposed to the persistent and strong linkages between the levels of education
and rates of wages typically found in microeconomic studies, education – economic
growth relationship still remains unclear. According to Alderman, Behrman and Ross
(1996), more than 100 billion US dollars per year have been invested in human
capital by developing nations. Therefore, these findings are supposed to have
formidable policy implications since government decisions regarding the public
spending on education are more likely to be economically efficient if the information
about the excess of social returns above the private ones is available.
Incidentally, there are ambiguous findings whether the educational stock or
accumulation should be assigned more significant role in contributing to the
economic growth. Namely, while the empirical findings from the growth accounting
regressions do not provide clear evidence that the human capital accumulation
matters for growth, estimates from the macro growth regressions indicate that the
stock of the human capital is significantly contributing to the growth. Podrecca and
Carmeci (2004) argued that education almost always induces economic growth in
advanced and developed economies while in the less developed countries this effect
will be the same only in the case that initial educational stock is sufficiently low.
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Furthermore, the majority of findings suggest that growth effect of separate
educational levels mainly depends on the level of economic development of
corresponding countries. That is, even though the primary education appeared to be
the most important determinant of less developed countries’ growth, secondary and
tertiary contribute more to the development of more advanced economies. According
to Papageorgiou (2003), the least developed economies mostly rely on production of
final goods but developing and economically advanced countries mainly depend on
the activities of research and development sector. This question is even of greater
importance for policy makers since investing in a certain educational level can result
in a bigger growth benefits as opposed of investing in all of the levels equally.
This study aims to find whether the three hypotheses: 1) that there is positive and
significant growth effect of average education; 2) that the initial educational stock
matters more for growth than the accumulation of education; and 3) that tertiary
education has the biggest growth effect among all disaggregated educational levels;
can be proven using the 1990-2010 data from CEE and Balkan countries. We are
interested to see if the growth effects of education are different in Balkan countries
compared to the CEE countries as a whole since the countries that belong to Balkan
Peninsula have different educational policies and mechanisms of growth enhancing
due to their transition from socialism into civil society that took place during 19902010 and retarded their economic development that was found to influence the
effectiveness of channels through which education induces economic growth. This
study contributes to the empirical literature of the growth effects of education since 1)
the estimation is done on the sample of countries that were not grouped within CEE
region and Balkan peninsula for this purposes; 2) the sample includes the countries
that were not analyzed far to our knowledge (i.e. Albania, Croatia and Serbia), and 3)
we utilize the newest updated version of Barro and Lee (2013) dataset on educational
attainment that contains the improvements of all educational estimates and correction
of those that showed too big fluctuations during the time. Far to our knowledge, this
updated dataset has not been used by any study so far. The fixed effects estimates
from the cross-country growth accounting regressions indicate that the educational
2

stock is significantly contributing to the CEE countries’ growth, with the biggest
growth effect of tertiary education. Regarding the Balkan countries only, the growth
effect of education is almost a null.
The insignificant or even negative relationship between education and growth does
not imply that policy makers should reduce the educational investments since this
link appeared not to be direct and straightforward as the theory assumes. One cannot
have economic growth without good educational system and appropriate level of
human capital stock. Moreover, the market conditions in context of matching the
labor demand and supply, and government policies that aim to protect domestic
industry from foreign competition which leads to inefficient usage of human capital
may results in a deviation of channels through which the education should foster the
growth. Hence, the policy implications should be related to the proper identification
of the quality of educational governance, problem of mismatch on labor market, and
better utilization of human capital, especially for the countries where the ambiguous
relationship between education and growth was empirically found.
The remaining of the study is structured as follows. The chapter two outlines the
distinction between micro and macro growth effects of education and describes the
channels through which education can either enhance or hamper the economic
growth. The next chapter provides the theoretical perspectives on educationeconomic growth relationship with the current evidence related to the main issues of
this relationship. The fourth chapter describes the methodology and data used for
testing the hypothesis. In accordance with the previous chapters, chapters five and six
provide the estimation results, and discussion of results with related policy
implications for CEE and Balkan countries, respectively. The chapter seven presents
the robustness of results for both groups of countries, before and after the
endogeneity of education has been accounted for. Finally, the eighth chapter presents
the general conclusion of the study with the suggestions of possible extensions.

3

2. THEORETICAL BACKGROUND
2.1. Relationship between micro and macro growth effect of
education
Since the beginning of the previous century, both microeconomists and
macroeconomists magnified their tendencies toward the growth returns to education
and human capital. As it was argued by Nelson and Phelps (1966), “the education
enhances one’s ability to receive, decode, and understand information, and that
information processing and interpretation is important for performing or learning to
perform many jobs”. While the microeconomists focused on the Jacob Mincer (1974)
wage regressions where mostly only the education and experience were used to
model the wages, macroeconomists tried to reconcile the linkages between the
education and economic growth. These investigations were thus tested by empirical
estimations that resulted in the evident inconsistency between the microeconometric
and macroeconometric evidence. Namely, while the general findings of the Mincerian
(1974) wage regressions were that education was one of the crucial factors predicting
the lifetime income, the aggregated growth regressions could not support this finding.
That is, although some of the earlier studies (e.g. Barro, 1991, and Mankiw, Romer
and Weil, 1992) indeed found both large and statistically significant coefficient of the
education effect on per capita income, many of the later studies (e.g. Benhabib and
Spiegel, 1994 and Pritchett, 2001) found the statistically insignificant and, more
surprisingly, negative growth effects of education. Thus, as opposed to the persistent
and strong linkages between the levels of education and the rates of wages typically
found in microeconomic studies, the education – economic growth relationship still
remains unclear.
While the neo-classical theory argues that private and social returns to (accumulating)
human capital should coincide, other theories (e.g. Arrow, 1962) presume that the
accumulation of human capital usually creates the externalities resulting in the
discrepancy between the private and social returns where the higher return is the
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latter one. Similarly, the possibility exists that the private returns to accumulating
factors of production may exceed the social ones due to other reasons like signaling
(Spence, 1974). That is to say, the level of education completed by the individual can
be observed as a device to signal a higher congenital ability and thus the private
returns are then more likely to be higher than the social ones. Hence, in the case of
inability to derive the social returns from the factor payments, the necessity of
estimating the direct impact of the aggregate productivity return to education
becomes essential.
The apparent microeconomic-macroeconomic discrepancy procreated the numerous
attempts to resolve the existing paradox. Some of the authors argued that proxies for
the human capital are either mismeasured or faintly measured indicating that the
available data for human capital proxies is most probably unable to capture all the
relevant quality dimensions (e.g. Hanushek and Kimko, 2000), or may sustain the
systematic deficiencies of the corresponding datasets (e.g. Cohen and Soto, 2007).
Accordingly, the mentioned authors suggest that further exploration and effort
towards resolving these measurement issues is likely to dissolve the paradox. On the
other hand, the failures of educational governance were found important by another
school of thought. As Galor, Moav and Vollrath (2008) pointed out, possible
corruption in educational institutions, informal payments and absenteeism of
education providers represent the institutional failure which is often most likely to
have a spill-over effects on the growth outcomes. Hence, such an inadequate
institutional environment deteoriates the productivity and effectiveness of the
education sector (Rogers, 2008) as well as it reduces the incentives for the
accumulation of human capital. As a result, the failure of educational statistics to
capture the macro growth effects is less surprising.
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2.2. Mechanisms through which education enhances/hampers
economic growth
Microeconomists argue that the individual wages increase linearly with the
corresponding education due to the numerous accompanying effects of the education
at the sufficient level and of appropriate quality. Apart from the role of savings that
education may play by increasing the human capital accumulation, other channels
exist through which education is expected to positively induce the wages. Namely,
Hasaan and Ahmed (2008) pointed out that education allows the individuals to gain
the skills and competences that potentiate the higher wages; enables them to execute
more compound and more sophisticated tasks compared to the standard ones; helps
them to adopt and develop the latest technologies and various production practices,
and potentiates the individuals to increase their mobility and entrepreneurship.
Furthermore, education affects the firms to become more productive, efficient and
competitive due to the more flexible labor force, tends to reduce the burden of
dependence of a corresponding population as well as it enhances a bigger investments
in physical capital and the greater productivity. As it was already pointed out, the
individual investments in education generally result in the considerable monetary
returns regarding the microeconomics evidence. However, if we presume that the
education is a public good, these analyses recover only the private return estimates
which differ from the social ones. According to Sianesi and Van Reenen (2003) such
benefits are most likely to be spilled-over to other individuals that cooperate in the
same firm, industry or city; or even to other individuals who live and contribute to the
same region or economy. Thus, the aggregated macroeconomic-level studies mostly
aim to capture these potential economic externalities. These findings are supposed to
have formidable policy implications since the government decision regarding the
public spending on education is more likely to be economically efficient if the
information about the excess of social returns above the private ones will be
available.

6

Contrary to the neo-classical theories, some of approaches of the new growth theories
explicitly proposed a function for the externalities growth effects stemming from
education. Among the most common channels for the growth effects of such
externalities, Sianesi and Van Reenen (2003) mostly distinguish the following ones:
firstly, there exists a possibility that educated workers substantially increase the
productivity of their co-workers who are less educated; secondly, the accumulation of
knowledge and technical progress which both stem from the human capital
investments may have a spill-over effects regarding the specific industry or even the
whole region; thirdly, the higher incidence of learning from others phenomenon is
more likely to occur in the environments that have a higher average level of education
as opposed to the environments with the lower levels; finally, the human capital
investments may have indirect economic benefits through the external social impacts.
Namely, the increased education was found to be associated with an improved public
health, environment and parenting, broader community and political participation,
lower crime and improved social cohesion which all contribute to the economic
growth (OECD, 1998). With that respect, the individual educational investment
decisions do not take into consideration the existence of positive educational spillovers which represent the crucial economic justification for the education to be
publically supported. Although assessing the size of such externalities and calculating
the corresponding social returns is usually done with the difficulties, their existence is
a priori presumed by the both theorists and policy makers. Accordingly, the macro
growth regressions are the most relevant tool for empirical assessment of the
educational externalities since such regressions position the human capital in a way
that enables them to capture the wider growth effects of educational investments.
Apart from the externalities growth effects that often appear on the aggregated level,
education is expected to induce a higher economic growth through other channels as
well. Namely, as the World Bank (1993) pointed out, human capital investments
appeared to be equally, if not more, important as a complementary factor that
contributes to the economic benefits of money injection through Foreign Direct
Investments in developing countries. Accordingly, education itself is likely to attract
7

the foreign investors since they are more willing to invest in the countries with the
human resources of a higher quality compared to those with the lower one. Hence, by
increasing the flow of Foreign Direct Investments, education tends to magnify the
competitiveness of the nations that are still developing. Since most of the
development experts support this point of view, many international organizations
(e.g. World Bank and United Nations) have spared significant sums of resources for
the education in recent times. Correspondingly, such institutions as well as many
developing nations’ leaders presume that the education is an upmost tool for the
massive development and alleviation of the poverty. However, the empirical growth
literature has presented the cases where larger human capital investments did not
enhance the economic growth. For example, Krueger and Lindahl (1999), found the
education to be positively correlated with the unemployment in developing countries
implying that the investing in human capital can reduce the economic growth.
The growth experts argue that there are several distortionary factors that can explain
these adverse linkages. Namely, following Hasaan and Ahmed (2008), the first
distortionary factor is most likely to be a shortage of the labor demand1 which usually
results in a pool of resources that could be used to enhance the overall productivity
but, on the contrary, remains unemployed. Thus, the human capital is not efficiently
used and its growth effect is marginal or even insignificant. More importantly, the
inordinate resource expenditures on education may results in a “brain drain”
phenomenon as it is the case with many developing nations nowadays. The second
distortionary factor follows the first one. Namely, in the cases where the sufficient
labor demand is created by the governments (e.g. government guarantee for the
employment in the public sector for educated individuals), the effect will remain the
same as in the case of insufficient labor demand if the mechanisms for the monetary
compensations are not shaped to truly reward the effort. Thus, it may happen that
such a policy reduces the desired incentives of workers to work up to their full
potentials, which is most likely to induce the economic growth. As it was pointed out
1

The supply formation of educated and skilled workers that are available in the market should be
exploited in the economy through the labor demand.
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by Prichett (1996), over-employment in the public sector that governments provided
to their educated labor force reduced the growth of output per worker by two
percentage points on a yearly basis. The third distortionary factor is likely to be
connected with various development strategies as the Import Substitution
Industrialization it is. Hasaan and Ahmed (2008) argue that such government policies
that protect their domestic industries from the foreign and international competition
tend to result in the underutilization of the domestic educated workers that are
available on the market. Those strategies reduce the incentives of educated workers to
innovate and develop their practices which leads to inefficient usage of such workers
and consequently to the lower economic growth. The last distortionary factor is
attached to the previous one. Basically, the above mentioned government
development strategies may result in a situation where the industrialists appoint their
best people to lobby for the greater protection. Such an increased “rent-seeking”
behavior is the most likely, out of all mentioned the distortionary factors, to reduce
the workers’ incentives to work and innovate but to enhance the corruption as well.
Hence, one cannot expect such environment to be simulative for the economic growth
and benefits of the educational promotions will most likely fail to justify its costs.
Equivalently, according to Pritchett (1996), the excess of the labor supply, the
weakness of the government and other institutions, together with low quality of
education are the most probable arguments for explaining the weak linkages between
human capital and economic growth.

9

3. LITERATURE REVIEW
3.1. Theoretical perspectives on education and growth
The crucial macroeconomic problem has always been identification of the
determinants of the long run economic growth. The growth effects of education, or
more broadly the growth effects of human capital, have been largely incorporated in
such a theoretical literature. The main theoretical macro approaches in assessing the
growth effects of education are the augmented Solow-Swan neo-classical model and
new growth theories. Accordingly, their corresponding empirical counterparts are the
growth accounting and macro growth regressions, respectively. The studies of
Mankiw, Romer and Weil (1992), Islam (1995), Temple (1999), and all the studies of
Barro2 based their empirical investigations on the neo-classical approach that simply
uses the basic framework of production function and extends it in a way to allow an
additional input (e.g. human capital) to enter the framework. On the other side,
Benhabib and Spiegel (1994), Engelbrecht (2003), and Papageorgiou (2003) derived
their growth regressions from the models that belong to new growth theories (or
equivalently from the approach of endogenous growth) that argue that the economies
with a richer source of human capital will have the benefit of innovation and
development of technologies which by definition have the increasing effect on the
growth rate of the final output. In addition, the former approach can be divided into
two groups of theories. The first one originated from Lucas (1988) and assumes that
the human capital accumulation is the determinant of economic growth implying that
the distinct economic growths between the countries can be assigned to the distinct
rates of changes in human capital. The latter one, firstly proposed by Nelson and
Phelps (1966), suggests that the stock of education determines the economic growth
since higher level of education is expected to stimulate the productivity through
increased domestic innovation and through faster diffusion of technologies within the
economies. The empirical evidence of these theories is mixed. Namely, while the
2

Barro (1991), Barro and Sala-i-Martin (1995), Barro (1996), Barro (2003), Barro (2013)
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empirical findings of the estimated coefficients from the growth accounting
regressions do not provide a clear evidence that the human capital accumulation
matters for growth, the regression coefficients from the macro growth regressions
indicate that the stock of the human capital is significantly contributing to the growth
of per capita output. More importantly, Sianesi and Van Reenen (2003) argue that the
empirical estimates from these theories coincide regarding the magnitude of the short
term (i.e. 4 years) growth effects of education. In the long run, estimates from the
regressions derived from the neoclassical models indicate that increase in the average
education by 1 year is associated with the output growth in rage between 3 and 6
percentage points while the new growth theory specifications yielded the estimates
that results in a 1 percentage point faster economic growth.
3.1.1. Augmented Solow-Swan model and growth accounting

The neo-classical Solow-Swan model is derived from the standard framework of
production function which models the GDP as a function of two inputs (e.g.
aggregate stock of investment and the labor force). The augmented Solow-Swan
model allows the human capital to enter the framework as an additional input into
production function. The model assumes a constant returns to scale (e.g. factor inputs
are paid their marginal product) and perfect competition. The growth rate of output is
decomposed into the contribution of the factor inputs (investment, human capital and
growth of the population adjusted for the growth rate of technology and depreciation)
and a residual that represents the total factor productivity. Accordingly, the model
assumes that the growth rates are exogenously determined (e.g. these rates are given).
As mentioned before, the theoretical neo-classical approach has its empirical
counterparties (e.g. growth accounting and level accounting exercises). Within the
former exercise, the output growth is determined by the growth rates of the factor
inputs and by the growth of residual productivity. In the same manner, latter group of
exercises assumes that the differences in the factor inputs and the differences in the
productivity across countries can explain the differences in per worker output
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between the countries. Hence, according to the Solow-Swan model, the variations in
the national savings rate and in population growth should explain the differences in
both the levels and growth rates of income across the countries.
Since it was empirically found that the residual total factor productivity from this
model accounts for the 6/7 proportions of the growth in output that could not be
explained by the variations of the factor inputs, much of the empirical work tried to
extend the framework in order to solve the “residual puzzle”. Thus, one of the steps
aimed at resolving this puzzle was the inclusion of human capital accumulation in the
model framework. Hence, the model assumes that the market rewards that stem from
the different levels of education are entirely due to the education itself. Accordingly,
this model was often criticized for not accounting for the indirect effects that the
education is likely to have on the level or growth of the output. Namely, the model
does not capture the growth effects that the education may have through the research
and development, labor force participation nor through the investment in physical
capital which may reconcile the mechanisms through which the human capital
accumulation may affect the economic growth.
3.1.2. New growth theories and macro growth regressions

Contrary to the neo-classical approach, the theories of new growth primarily assume
that the growth rates are endogenous (e.g. determined within the model) with the
implication that those rates can be affected by, for example, various policies of the
governments. Moreover, this approach assigns the special role to the education
assuming that it can contribute to the growth of countries throughout two major
channels: 1) explicit incorporation of human capital in the model results in
abandonment of assumption of the constant returns to scale which allows the model
to capture the external effects of education; and 2) since it is assumed that the human
capital generates the new knowledge/technologies straightaway, as being the crucial
input into the sector of research and development, the model allows the factors that
lead to the (endogenous) growth to be explicitly related to the human capital stock.
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Accordingly, the new growth theory yielded two strands of thoughts that focus on the
flow and state effects (accumulation and stock, respectively) of human capital.
According to Sianesi and Van Reenen (2003), such a distinction can have substantial
implications for the policy measures. Namely, the first framework indicates that
increase in the human capital stock will have a “once-and-for-all” growth effect on
economy whereas the second one indicates that increase in the human capital
accumulation will permanently increase the growth rate of the output.
The first strand of thought assumes that the countries are adopting the latest
technologies from each other throughout the transfer of knowledge that is constant,
meaning that the “following” countries are expected to learn more from the leading
economies than it would be the opposite case. Such a concept was defined by
Abramowitz (1986) as a “social capability” and it implies that labor force that is
educated and well-trained, activities of research and development sector, developed
relations in terms of trading with the countries that are more developed, substantial
investments and affable political structure, represent the ability of the countries that
are less developed to enhance their productivity towards the level of the most
developed nations. Within this context, the education is considered as one of the
indices of the social capability which enables the labor force to adopt and develop the
existing technology. Consequently, the condition necessary to adopt new
technologies may be achieved only if the certain threshold effect of education is
present since the different schooling levels may be required to adopt different
technologies. The second strand of thought originates from Arrow (1962) who
introduced the concept of “learning by doing” implying that the experience gained
within working with existing or new technologies is expected to enhance their
efficiency. Accordingly, Nelson and Phelps (1966) argued that a labor force with
higher education will manage to adopt and develop new technologies easier than their
less-educated co-workers.
As being the empirical counterpart of endogenous growth theory, the macro growth
regressions aimed at identifying the major inputs that are contributing to the
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economic growth in order to reveal the policy measures that are most likely to
stimulate the growth. The empirical evidence resulting from these regressions is
heterogenous and it appeared to depend on the model specification, countries
included in the sample and time span over which the growth was observed.

3.2.

Current empirical evidence

Despite the general consensus of the positive growth effects of education, there are
several interesting studies that do not confirm it, especially when just a group of
countries is considered for the analysis. “In particular, regression estimates obtained
from the cross-country growth accounting reveal a puzzling result; that is, human
capital accumulation enters growth regressions either significantly with a negative
sign, or insignificantly with a positive sign” (Papageourgiou, 2003). Namely,
Benhabib and Spiegel (1994) followed the Nelson-Phelps approach by using the
growth accounting method that treats human capital as a “facilitator of domestic
innovation and adoption of technology”. Authors found negative and statistically
insignificant effect of changes in average years of schooling in 78 developed,
developing and least developed countries during the 1965-19853. In line with these
findings, Englebrecht (2003) followed the same approach and also found insignificant
effect of changes in average years of schooling for the same countries and during the
same period but applying the TLS instead of OLS methodology as in the previous
study. On the other side, Temple (1999) applying the same approach and using TLS
estimation found that changes of average years of schooling were positively
significant over the same time period once the countries where education does not
exhibit strong correlation with output were removed from the sample. Many of
authors estimated these growth effects on the sample that includes 3 specific groups

3

The detailed findings from the most relevant studies can be found in Appendix in tables A3.2.1 and
A3.2.2
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of countries, i.e. OECD, INTER and NONOIL4. The most influential study from
those is the one of Mankiw, Romer and Weil (1992) who derived their specification
from human capital augmented Solow-Swan model (where human capital is treated
only as an input into production function), and found significantly positive growth
effect of education during 1960-1985 for the 195 countries. Similarly, Freire-Seren
(2001) found by both OLS and 2SLS significant effect of average schooling during
the 1960-1990 for the shortened sample of 81 countries. With that respect, Islam
(1995) mostly found insignificant educational estimates for 155 countries during
1960-1985. In addition, Izushi and Huggins (2004) followed the both Nelson-Phelps
and neoclassical approach, and found statistically significant growth effect of average
years of schooling in European Union during 1990-2000. Accordingly, Lau,
Jaminson, Liu and Rivkin (1993) found positive and significant OLS estimate of the
same proxy during the 1970-1980 in individual Brazillian states in line with Bils and
Klenow (2000) who estimated the growth effects of education in 85 countries during
1960-1990 with their newly constructed human capital measure.
While the above mentioned studies estimated growth effects of education on the
single cross-section of countries using values averaged for the whole sample period,
following studies went a step further and applied the panel data techniques. Namely,
Lim and Adams-Khane (2008) derived their specification from the augmented SolowSwan model and found statistically significant effect of education in 103 countries at
all levels of development during 1960-2000 with the results depending on estimation
method used. Similarly, Cohen and Soto (2007) followed the same approach and
found the positive estimated coefficient when using their new measure of average
schooling years for 73 countries during the same time period. Regarding the growth
accounting regressions, Krueger and Lindahl (2001) found positively significant
effect of education using OLS but negatively significant one using IV approach for
34 countries during 1960-1985. Moreover, they showed that significance of growth
4

OECD countries with population over one million, INTER referring to countries with population
below one million, NONOIL includes countries with complete data excluding those with oil
production as dominant industry
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effects of education can be captured better if estimation is done on the ten or twentyyear basis. On the other side, Zaman (2013) found positive and statistically
significant effect of average schooling years with both OLS and IV for 25 OECD and
75 developing countries during 1980-2005. For the same set of countries but during
the 1960-1990, Cook (2002) found positive and statistically significant OLS
estimates of average years of schooling with the specification derived from the
stochastic Cob-Douglas function. Furthermore, Banerjee (2012) extended the
framework of Lucas (1988) by allowing the specification to capture the technological
changes as in the approach of Nelson and Phelps (1966). Author used random effects
model and obtained positive and statistically significant effect of education on growth
of 55 countries during 1980-2007. Regarding OECD countries only, Schall (2007)
applied the similar approach and also found positive growth effect of education
during 1970-1990.
The growth regression estimates from the study of Bose, Haque and Osborn (2003)
indicate that among all government expenditures in 30 developing countries during
1970-1990, only those of investments and education were significant growth
determinants. Accordingly, Judson (1998) found that impact of educational
investment is mostly depended on the allocation of the investment itself. That is, by
decomposed growth regression on the sample of 80 countries during 1960 -1990
period estimated by panel GLS, author showed that accumulation of human capital
(measured by spending on education) had significantly positive effect growth effects
only in countries with efficient allocation of educational investments. Regarding the
countries in transition, Osipan (2006) investigated the growth effects of education in
Russian Federation and Ukraine during 1989 – 2010 with the specification derived
from the model of endogenous growth. Using the pooled least squares within the
fixed effects model, author found that average years of schooling were insignificantly
negative for the population older than 15 years. Also, Bils and Klenow (2000)
introduced new measure of schooling by utilizing Mincerian microeconomic returns
both to education and experience to test if the high enrolment rates in 1960 are the
cause of the rapid economic growth during 1960 -1990 on the cross-section of 85
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countries. Also, they test if expected economic growth also generates the higher
education and found significantly positive coefficients in both tests.
Time series analysis for individual countries yielded findings that usually indicate
positive and significant relationship between education and economic growth.
Namely, Chudarkova and Verner (2012) found positive long-run relationship between
government expenditures on education and economic growth in Austria during 19712008 while the same relationship could not be found in the case of Czech Republic
during 1998-2008. Thorbecke and Jung (2001) applied multisector CGE (Computable
General Equilibrium) model for Tanzania and Zambia and found that expenditures on
education can significantly increase economic growth. Moreover, such benefit can be
maximized if the level of physical investments in these countries is sufficiently high.
Fernandez and Mauro (2000) constructed new human capital index from Barro and
Lee dataset and applied growth accounting method to estimate effect of educational
changes on economic growth of Spain during 1970-1997 with projections for
following decade. Authors found that education significantly explains one third of
overall Spanish economic growth with increasing trend, implying that its contribution
would be even higher during the projected decade. Asghar and Awan (2012) analyzed
the long-run growth effect of human capital in terms of both health and education in
Pakistan during 1972-2009 and found positive long-run relationship of both human
capital indicators and economic growth while the relationship was not found in the
short-run. Furthermore, causality test showed that economic growth causes both
educational and health indices, as well as fact that education causes health. Duma
(2007) applied growth accounting method to analyze Sri Lanka growth determinants
and found that education, proxied by average schooling years of population in
working age, was significantly positive for growth in 1980. Loening, Rao and Singh
(2010) applied error correction method on augmented neoclassical model of
Mankiew, Romer and Weil (1992) and also found that average education, proxied by
average years of schooling, had significantly positive effect for economic growth of
Guatemala. Abhijet and Islamia (2010) investigated causality links between
educational investment and economic growth in India during 1951 – 2009, and found
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bi–directional causality between GDP and public expenditures on education. Namely,
education expenditures were found to affect subsequent growth in 5-6 years rather
than immediately, while causality of economic growth on education expenditures
does not depend on the lead nor lag values of variables. Asterion and
Agiomiroianakis (2001) found that average education of population strongly caused
Greek economic growth during 1960-1994. Aghion, Boustan, Hoxby and
Vandenbusche (2009) applied a multi-state model of endogenous growth for panel of
48 United States and by 2SLS found that education expenditures positively affected
economic growth with implication that exogenous distinctions in technology between
states are the main reason for their education investments and economic growth to
differ.
Meta-analysis by Sianesi and Van Reenen (2003), who reviewed the most relevant
papers from the empirical growth literature that was dealing with the growth effects
of education, implied that heterogeneities of regression parameters between countries
(which were found to be strong) can alter the validity of the growth results. The
presence of such heterogeneities is consistent with the micro literature which
demonstrates that returns to education regarding countries individually notably vary,
not just across the countries itself, but across the regions within those countries.
Furthermore, Klasen (2002) concluded that in developing countries the economic
growth rate is mainly ascribed to the gender inequality in education that slows down
and delays a decades-long transference of the knowledge, which can easily retard the
subsequent economic growth. Accordingly, author found that higher economic
growth was recorded in those countries where the inequality among genders was
lower while the lowest growth appeared to happen in countries with the highest
gender inequality in education. That is to say, another issue can possibly dominate the
human capital and economic growth relationship. Namely, when the growth rates
were averaged for longer time period (i.e. for the ten-year period in the study of
Schall (2007), Petrakis and Stamatakis (2002) and Krueger and Lindahl (2001)), a
stronger and more significant relationship was found between education and growth.
Also, according to Petrakis and Stamatakis (2002), both physical and human capitals
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affect the long-run economic growth with the lagged effect of 4 and 10 years,
respectively. Finally, there can be present omitted variable bias problem since
Krueger and Lindahl (2001) indicated that recent development of many educational
systems could have affected other policies which could reinforce the economic
growth but it is not directly observable. Similarly, Bils and Klenow (2000) argued
that potential bias in the empirical relationship between education and economic
growth could be result of omitted variables. According to Topel (1999), the most
important thing to get the valid estimates of relationship between education and
economic growth is the correct specification.
There are ambiguous findings whether the educational stock or accumulation should
be assigned more significant role in contributing to the economic growth. Namely,
while Benhabib and Spiegel (1994) found that initial educational stock at the starting
year of the sample period is causing subsequent economic growth during next
decades, Engelbrecht (2003) found that the accumulation of education is more
important growth determinant. It has been shown that significance of growth effects
of education depends both on the starting level of educational stock and the level of
economic development of a certain country with the implication that lower levels of
both are likely to be followed by more significant and positive causal relationship.
According to Podrecca and Carmeci (2004) in the countries that are not developed,
increase in the level of education will positively affect the economic growth only in
the cases when the initial level of education in those countries is adequately low.
Regarding the countries with more developed economies, higher initial level of
education will always induce a higher economic growth. Positive and statistically
significant coefficient on the average years of schooling in the beginning of each
five-year period are along the lines of the biggest body of the empirical growth
literature – that countries with larger human capital stock have experienced a faster
subsequent economic growth, where the growth effect of human capital mainly
depends on the development level and economic maturity of the countries. On the
other hand, negative coefficient on the growth rate of average years of schooling was
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mostly found when the proxy was used both at the aggregated and disaggregated
levels.
Krueger and Lindahl (2001) reduplicated and expanded regressions of “growth
accounting” and “endogenous growth” of Benhabib and Spiegel (1994) by putting the
schooling to linearly enter the model as opposed to its’ logged form in previous
influential paper. Authors found that both stock and accumulation of schooling had
growth effect depending on whether the growth regression contained the change of
physical capital and whether its coefficient was not constrained to a certain value.
Thus, in contrast with findings of Benhabib and Spiegel (1994), changes in schooling
years significantly and positively affected the growth. Moreover, Zaman (2013)
estimated panel of 100 countries during 1985-2010 extending the same approach and
found significant but negative coefficient on educational stock which, in line with
finding of Benhabib and Spiegel (1994). Afterwards, author run a hybrid
specification inspired by Engelbrecht (2003) modeling simultaneously both stock and
accumulation of education and found that both are highly significant and important
growth determinants. Banerjee (2012) also investigated the growth effects of both
initial level and change of average years of schooling and found that both of the
human capital measures were important for economic growth with the bigger
coefficient size of the human capital accumulation over the estimated period.
One of the pioneers of growth accounting exercises, Barro (1991), estimated a single
cross-section model of 98 countries during 1960-1980 period and found that both
secondary and primary enrollment rates in 1960 were significant growth
determinants. On the contrary, enrollment rates in 1950 were not found significant for
the growth during the same period. Moreover, author applied the same procedure on
the average growth during 1970-1985 and found that only primary enrollment rates in
1960 were significant and positive for respective economic growth. Enrollment rates
at both educational levels in 1970 were not found as significant. His later studies,
Barro (1996), Barro (2003) and Barro (2013) confirmed the same results for the panel
data estimated by 3SLS. That is, average secondary and higher schooling years of
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males older than 25 at the beginning of each period were found to significantly and
positively affect the growth during 1960-1990 (100), 1965-1995 (87) and 1960-1995
with projections for the year 2010 (100 countries), respectively. Petrakis and
Stamatakis (2002) showed that initial educational stocks in 1970 were important
growth determinants during 1977-1994 for 24 countries at different development
levels. While the primary and secondary completion rate relative to labor force were
significant for less developed countries, tertiary level was more important for the
more developed ones. Author pointed out that higher initial educational stock
connotes higher human to physical capital ratio (for a given initial GDP level)
because of increased educational technologies. Also, since education was found to be
more complex to adjust as compared to physical capital, Barro (2013) argued that
higher initial human to physical capital ratio allows the countries to grow more fast
by increasing the quantity of physical capital. Due to the crucial role of technology
diffusion in the economic growth process, the biggest budget resources should be
invested in tertiary education.
Regarding the significant growth effect of human capital accumulation, the following
studies can be mentioned. Izushi and Huggins (2004) found that accumulation of
human capital, not its level, is determining the economic growth of European regions.
Following the both Solow growth model and Nelson-Phelps approach, authors found
negative growth effect of tertiary educational changes (proxied by percentage of such
students in population of working age). Jones (1996) considered various contributions
from different growth-related literature and presented simple model of “Human
capital, ideas and economic growth”. Using the average educational attainment data
from Barro and Lee dataset, divided by individual time endowments measured in
years, as proxy for human capital level as opposed to accumulation (this measure was
interpreted by human capital accumulation by other authors), author obtained positive
and highly significant estimates. Additionally, author estimated the logs of average
educational attainment for years 1960 and 1990, and used their differences to analyze
the effect of human capital accumulation on economic growth and obtained negative
coefficient. Bils and Klenow (2000) introduced new measure of schooling by
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utilizing Mincerian microeconomic returns both to education and experience to test if
the high enrolment rates in 1960 were cause of the rapid economic growth during
1960 -1990 on the cross-section of 85 countries.
More importantly, some studies managed to find statistically significant and positive
coefficients for both educational stock and accumulation in its relation to economic
growth. Podrecca and Carmeci (2002) examined the causality relationship between
education and growth for the panel of 86 developed and least developed countries
during the 1960-1990. Applying the General Method of Moments estimation within
Vector Auto regression methodology on pooled time series data, authors found that
both educational investments and human capital stock Granger caused the economic
growth (both singularly and jointly with investment into physical capital). In their
later study, Podrecca and Carmeci (2004) investigated dynamic relationship between
education and economic growth for panel of 81 countries during 1960 -1990. By
adopting General Method of Moments estimator, authors estimated both differenced
and level equations with average schooling years of working age population, and with
differences of human capital stocks between first and last year of every five-year
period as a proxy for human capital growth rate. Authors found that heterogeneities
between countries are dominant in this research with findings that education is
significant and positive for countries with very low levels of education only. That is,
while in advanced economies education always induces economic growth; in LDCs
education will have same effect only in the case that initial level of education is
sufficiently low. Freire-Seren (2001) used the augmented neoclassical model of
growth, close to the one of Mankiw, Romer and Weil (1992), where human capital
accumulation is to some extent observed as endogenous process. Author used
simultaneous equations system with pooled data for different subsamples of 81
countries for the 1960-1990 and estimated both equations in levels and in differences.
Regarding the levels equation, OLS estimates showed that human capital stock
proxied by average years of schooling is statistically significant and has positive
effect on economic growth in all the countries. Differences equation was estimated
both by single cross-section and pooled regression. In the case when constant returns
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to scale were assumed, education was found statistically significant and positive
(although poor performance with pooled regression) while it was not statistically
significant when constant returns to scales were not assumed (in line with Benehabib
and Spiegel, 1994 and Kyriacou, 1991). Finally, when simultaneous equations were
estimated, bi-directional positive and statistically significant effect was found
between the human capital accumulation and output level.
Empirical literature concerned with economic growth resulted in diverse estimated
sizes and signs of the coefficients of individual educational levels. The majority of
findings suggest that growth effects of separate educational levels mainly depend on
the level of economic development of corresponding countries. That is, while primary
education appeared to be the most important determinant of less developed countries’
growth, secondary and tertiary contribute more to the growth of advanced economies.
According to Papageorgiou (2003), the relative endowment of separate educational
levels to the production of final goods and adoption of technology, and thus to the
overall economic growth, appeared to vary depending on the wealth of the countries.
The author finds the support of his findings in the theory of the “Rostow’s
development stages”. Namely, this theory argues that the least developed economies
principally benefit from the primary education since they most of all rely on the
production of the final goods. Accordingly, economies that are developing and those
that are already developed mostly benefit from the higher education (i.e. secondary
and tertiary) since they most of all depend on the research and development
activities. In the similar manner, Banerjee (2012) used disaggregated educational
levels to proxy for the skilled work force contributing to the adoption and imitation of
technologies (individuals who completed primary and secondary education), and the
skilled work force contributing to development of technologies (individuals who
completed tertiary education), with the argument that much more of the skills would
be required to develop than to adopt and imitate the technology which corresponds to
the higher educational levels completed by workers.
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The finding of Papageorgiou (2003) is supported by the empirical literature. Namely,
McMahon (1998) found that investment in education was the most significant growth
determinant in East Asia, with the implication that the main role was assigned to the
secondary education as the government mostly invested in this schooling level (and
secondary enrollment rates were the highest among all the levels). Accordingly, Kiso
(1993), and Esim and Heyneman (1994) found a particular and most important
development role of the education at secondary level in the countries in East Asia.
Regarding the bigger sample of countries as in the study of Psacharopoulos (1994),
the finding that the low-income countries depend mostly on primary and moderately
on secondary education, and that the high-income countries rely on the tertiary
education was once more confirmed. In line with the findings of Petrakis and
Stamatakis (2002), Cohn and Addison (1998) found that investing in tertiary
education results in a bigger growth returns when the rich set of OECD countries is
analyzed in comparison to the poorer sample. Similarly, Mankiw, Romer and Weil
(1992), and Barro and Sala-i-Martins (1995) identified a special development role of
secondary education within a worldwide context of countries done on a crosssectional estimation basis. More importantly, Barro (1991) in his big cross-sectional
study identified the important role of initial stock of both primary and secondary
education. On the other side, Kiker, Santos and Oliviera (1997) and Magoula and
Prodromidis (1999) found different results for the cases of Portugal and Greece,
respectively. Their findings indicated that higher rates of completing the higher
educational levels caused a higher rate of unemployment which thus lowered the
overall economic growth. In regards to that, the resource allocation of educational
investments is supposed to be optimal in order to contribute to the growth.
In addition, the remaining of the empirical evidence regarding this hypothesis is
accordingly mixed. Namely, Benhabib and Spiegel (1994) found that OLS estimates
from growth accounting model showed that none of the educational levels separately
was statistically significant growth determinant which is in line with findings of
Engelbrecht (2003). Accordingly, OLS estimates from the study of Papageorgiou
(2003) implied negative and statistically insignificant growth effects of average years
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of primary schooling of labor force during the 1960-1987. Zaman (2013) run a hybrid
specification inspired by Engelbrecht (2003) on panel of 100 countries during 1980 –
2005 and found that tertiary education matters the most for growth. Cuaresma and
Lutz (2007) reconstructed the leveled educational attainment data set by sex and age
using “demographic multistate back – projection methods” on the panel of 120
countries during 1970 – 2000. Following Benhabib and Spiegel (1994), authors
applied growth regression for full sample and 2 subsamples (OECD and non – OECD
countries) separately. Regarding OECD countries, authors found that educational
stock of younger groups (up to 35 years) explained differences in economic growth
across countries much more significantly than aggregate educational levels.
Furthermore, for the full and non-OECD sample, education of different age groups
did not differ significantly in its impact on the growth. Simoes (2011) found
significant long-run relationship between the both lower and higher educational levels
and economic growth in 23 OECD countries during 1961 – 2000 period. Following
the model similar to the one of Mankiw, Romer and Weil (1992), author found that
while primary education was negatively related to economic growth, the higher levels
had more significant growth effects. Moreover, Tiruneh and Radvansky (2011) used
enrollment in secondary school to proxy for education investment as well as the labor
force with primary, secondary and tertiary education to proxy for human capital stock
on the sample of European Union countries during 1995 – 2009. Although all
variables used as proxies for education were found statistically significant and
positive with the fixed effects model, results suggest that higher education, mostly the
one on secondary level, had bigger growth impact. Also, Lim and Adams-Khane
(2008) found that secondary education was significant growth determinant in103
countries during 1960-2000. On the other side, Gylfason and Zoega (2003) found the
marginally insignificant growth effect of secondary education in 87 countries during
1965-1998. Klenow and Rodriguez-Claire (1997) argued that Mankiw, Romer and
Weil (1992) disregarded non-secondary school which given authors found significant
estimating tits growth effect (1960-1985) on the sample of 98 countries with stock
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variables in 1985. Izushi and Huggins (2004) followed both augmented Solow growth
model and Nelson-Phelps approach and found negative impact of tertiary education.
In addition, some of the authors found all the disaggregated levels to have significant
growth effects. Hasaan and Ahmed (2008) tested the effect of all educational levels
on the sample of 39 Sub-Saharan African countries during the 1975-2002. Fixed
effects regression estimates from alternative specification of growth regression
showed that each out of five proxies for human capital (primary, secondary and
tertiary ratios separately, literacy rates, product of life expectancy, and average years
of schooling had significant growth effects. Similarly, Lau, Jaminson and Louat
(1991) found all the educational levels separately to be significant determinant of
economic growth in 58 developing countries during 1965-1985.
Among the first researchers who focused on the growth effects of tertiary education,
Chatterji (1998) had the biggest corresponding contribution. Author used estimation
method based on adjusted Whites (1980) heteroskedasticity – consistent standard
errors for 98 countries (OECD, Middle Income and LDCs mixture) during 1960 –
1985, and found that tertiary education was much more significant than secondary
one in all the estimations where both of the measures were used. Neagu (2012) used
linear regression model to analyze relationship between human capital and economic
growth in Romania during 1990 -2010 period by using education both solely and
jointly with health indicators. When using education only, tertiary enrollment rates
were found to be significantly positive as opposed to the secondary rates. For the
countries in transition, Osipan (2006) replaced average years of schooling in Russian
Federation and Ukraine during 1989-2010 by enrollment rates of females and males
at primary, secondary and tertiary levels. Although author finds that tertiary
enrollment rates had significantly positive growth effect, other measures of human
capital indicated no relationship with economic growth. Moreover, Petrakis and
Stamatakis (2002) investigated effects of separate educational effects (i.e. completion
rates at all three levels relative to labor force in 1970) using the Lucas (1988)
production function extended with Romer (1986) contribution. Authors analyzed 24
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countries with different levels of development (advanced OECD, less developed
OECD and LDCs) during the 1977-1994. Weighted Least Squares estimates showed
that the contribution of higher level of education was proportional to the countries’
levels of development.
Mankiw, Romer and Weil (1992) showed on the cross-section of 197 countries that
differences in per capita income across countries are best explained by augmented
Solow-Swan model that includes accumulation of both physical and human capital.
Moreover, differences in human capital, together with differences in savings and
growth of population appeared to explain around 80% of variation in per capita
income across countries. Many studies followed this variant of the neoclassical
model, and included the additional control variables in order to capture the growth
effects of education within various hypotheses. In this study we estimate the crosscountry growth-accounting regression model derived from the augmented SolowSwan model that was firstly proposed by Mankiw, Romer and Weil (1992). As
opposed to the mentioned authors who based their estimation on a single crosssection of countries, we apply a panel data technique and we use average years of
schooling for population older than 15 as a proxy for education. In addition, both
proxies for educational stock and accumulation are included in our model.
Accordingly, the regression specification was modified by inclusion of addition
control variables which were found by majority of studies to also matter for the
corresponding economic growth.
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4. METHODOLOGY AND DATA
This study aims to find whether the three following hypotheses can be proved using
1990-2010 data for CEE and Balkan countries: 1) that there is positive and significant
growth effect of average education; 2) that the educational stock matters more for
growth than the accumulation of education; and 3) that tertiary education has the
biggest growth effect among all disaggregated educational levels. Diverse evidence
from the literature of educational growth effects is mainly a result of a choice
regarding different educational measures, different specifications of regression,
different time periods over which the economic growth was observed, and different
countries that were included in the sample. However, due to data constraints for the
Balkan countries, we are obliged to use a shortened sample of countries, i.e. Albania,
Bulgaria, Croatia, Czech Republic, Estonia, Germany, Hungary, Latvia, Lithuania,
Republic of Moldova, Poland, Romania, Serbia, Slovenia, Slovak Republic, Russian
Federation and Ukraine. Also, since the data for Albania, Croatia and Serbia which
have not been included in any such model so far, is very scarce, and the countries
have been chosen as a few representatives of Balkan countries, we decided to apply
the cross-country growth accounting regression derived from the human capital
augmented Solow-Swan model which was firstly proposed by Mankiw, Romer and
Weil (1992).

4.1.

Methodology

In order to test the growth effects of education in CEE and Balkan countries we apply
a panel data technique since our data set has both cross-sectional and time
dimensions. More importantly, as opposed to the simple OLS, the panel data
techniques provide the broader information, yield more efficient estimates, and allow
controlling for individual heterogeneity. Accordingly, if the individual heterogeneity
is not accounted for, and it is by definition presented in the cross-sectional dimension,
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the estimates are most likely to be biased. As it was pointed out by Baltagi (2002),
using the cross-section or time-series only limits the sample size which lowers the
statistical reliability and precision of resulting estimates. Moreover, it restricts the
possibility to test multiple hypotheses at the same time. Hence, the panel data model
can be generally represented as follows:
(1)
where

represents the economic growth of country at the time

and

5

stands

for the set of explanatory variables that vary both with the countries and during the
time. Accordingly, the subscripts

denote the countries and

time periods, respectively. Furthermore, one of the basic assumptions of the panel
data models is that the error term

is represented by the “one-way error” structure:
(2)

The error term is assumed to have a zero mean, constant variance, and not to be
correlated with the regressors. Moreover, such an error term is composed out of two
components:

representing the individual specific component that is not time-

variant, and

representing the component that changes both for individuals (e.g.

countries), and over time. The panel data techniques assume that

has fixed or

random one-way error structure. Such a structure depends on whether there exist a
correlation between individual specific factors that are not observable and the
regressors. While the model with random effect assumes that this correlation is zero,
the fixed effects model has no imposed restriction on zero correlation between
regressors and unobservable individual specific factors. Thus, it is crucial to test for
this correlation in order to decide which one of the models should be applied. In the
case of the high correlation, the random effects model would yield biased results.
Accordingly, the Hausman test is used to compare these two models by testing the
null hypothesis of no correlation between the regressors and the error term:
H0: E(u/X) = 0
5

vs.

Constant is included in the vector of regressors X
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H1: E(u/X) ≠ 0

(3)

Since the Hausman test in our study indicated rejection of the null hypothesis
implying that there exist the correlation between the regressors and unobservable
country-specific effects, we apply the fixed effects model. Apart from the results of
Hausman test, the model with fixed effects is anyways preferred to the one with
random effects when the homogenous group of countries (i.e. CEE countries) is
considered in the analysis as opposed to the randomly composed sample. Hence, in
our model

is assumed to represent the fixed parameters that will be estimated.

In the model with fixed effects,

is a random variable that is allowed to be

correlated with the regressors. This variable may encompass any (country-specific)
effect that is not included in the regressions. The model with fixed effects eliminates
this effect by within transformation that demeans all the variables, where the resulting
estimator is called the least squares dummy estimator. With this transformation the
data are firstly transformed into the arithmetic means (denoted with over bars) of
each variable and afterwards the deviations from corresponding means are calculated:
(4)
(

)

(5)

This transformation eliminates the country-specific effect since by itself it is a
constant and hence, the assumption of no correlation between error term and
regressors is not relevant for consistency and unbiasedness of estimators anymore.
Moreover, the potential heterogeneity that is unobserved is accordingly solved. The
model with fixed effects assumes that the regressors are sternly exogenous, implying
that all of the effects that are time invariant should not be correlated with other
country-specific effects and hence, should be unique for each country. Accordingly,
this model does not allow the inclusion of variables that are time-invariant (e.g. race,
culture, sex, religion, place of birth, etc.) since these variables that vary across
country but not over the time are expunged by the within transformation and thus,
cannot be captured by the least squares dummy estimator. Furthermore, the fixed
effects model represents an appropriate estimation technique only in the case when
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the cross-sectional dimension of dataset is not too large. Otherwise, the
multicollinearity among the regressors that may result from the inclusion of
individual dummies can yield biased estimates. Our model includes the data for
seventeen countries which does not represent the problem of big cross-sectional
dimension.
In addition to the fixed effects model, we also include the estimates of
heteroskedasticity-consistent (e.g. robust) standard errors that do not assume the
homoscedastic characteristics of error terms. Although the model with fixed effects
however “solves” the problem of unobserved heterogeneity, Hayes and Cai (2007)
suggest to, whenever possible, augment the estimation procedures by these errors that
allow the heteroskedasticity to be present. The derivation of estimators of the
heteroskedasticity-consistent standard errors is done out of variance-covariance
matrix of coefficients from the regression that is not based on the assumption of no
heteroskedasticity among the standard errors. We apply this estimation technique in
our study in order to avoid potentially biased and inconsistent estimates. Hence, the
validity and predictive power of conducted tests and regressions will be increased.
Accordingly, Hayes and Cai (2007) suggest that even in the case that the error terms
are indeed homoscedastic, the incorporation of heteroskedasticity-consistent standard
errors still remains appropriate.

4.2.

Econometric model

To test our hypotheses we estimate the cross-country growth accounting regressions
that can be described by the following function:
(6)
where

denotes the economic growth of a country i at time t;

human capital variables for a country i at time t; and

represents a

represent a vector of a

control variables for a country i at time t. This specification is derived from the
variant of human capital augmented Solow-Swan model of economic growth which
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was firstly proposed by Mankiw, Romer and Weil (1992). In this model increase in
education is observed as an increase in labor productivity which is supposed to result
in a higher level of equilibrium output. Consequently, the education enters the growth
equation as an ordinary input into production function. Hence, all the regressions
results were obtained by estimating the model that looks as follows:

⁄

=


⁄

(7)

denotes the growth rate of real (PPP converted) per capita GDP for
country i at time t;



denotes the logarithm of real (PPP converted) per capita GDP for
country i at time t;



denotes the logarithm of the population growth rate augmented by
the proxy for growth rate of technology and depreciation rate for country i at
time t;



⁄

denotes the logarithm of investment share of real (PPP

converted) per capita GDP for country i at time t;


⁄

denotes the logarithm of government consumption share of real

(PPP converted) per capita GDP for country i at time t;


denotes a logarithm of educational measure for country i at time t.
Educational measures include average years of schooling for the population
older than 15, both aggregated and disaggregated by the schooling levels, as
well as the (aggregate) average years of schooling for population aged
between 15 and 19 years.



denote the constant and error term for country i at time t,
respectively.
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As opposed to the prominent authors who have tested for the growth effects of
education on a single cross-section of countries, this study applies the panel data
technique. Moreover, we use the average years of schooling (both as aggregated and
disaggregated measure by educational levels) instead of Mankiw, Romer and Weil
(1992) who proxied the human capital accumulation with the “percentage of
working-age population that is in secondary school.” In addition, in this study
education enters the specifications simultaneously in the forms of the stock and the
accumulation during the all five-year periods. As Gemell (1995) proved, the
utilization of both proxies for stock and accumulation of human capital is justifiable
when the measure of schooling is volatile during the analyzed period. Also, Banerjee
(2012) included both of the measures to partially capture the growth effect of
physical capital stock while Cook (2002) did the same in order to avoid the omitted
variable bias problem.
In order to test our hypotheses, we make a few modifications of the baseline model
represented by equation (7) that mutually differ only in terms of educational proxies.
Namely, after running the baseline model that jointly includes both proxies for
average educational stock and investment, we additionally run complementary 2
regressions where these 2 proxies enter the model separately. Afterwards we
decompose the average educational stock into the primary, secondary and tertiary
stocks, and accordingly additional 3 regressions where each one of the stocks is
estimated separately were run. The necessary information on these regressions that
make the benchmark for our estimation procedure is presented in the table 4.2.
The baseline results in this study are obtained using the panel fixed effects with the
heterskedasticity-consistent standard errors. Islam (1995) argued that biased estimates
in large cross-country growth regressions are probably a result of the unobserved
technological level which creates an omitted variable bias. According to the author,
the initial GDP is thus correlated with error term and thus, he recommends utilization
of the static fixed effects within a panel data models. The author suggests so because
this estimation technique imposes the parameters homogeneity apart from the
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country-specific intercepts which allows controlling for the country-specific effects
that are unobserved.
Table 4.2: Benchmark Regressions
Notation in
output tables

Estimated models

Differences between the models

Regression 1

Model with
educational stock and
investment

Includes jointly average educational stock and
average educational investment

Regression 2

Model with
educational stock

Includes only average educational stock

Regression 3

Model with
educational
investment

Includes only proxy for average educational
investment

Regression 4

Model with
disaggregated
educational stock

Includes jointly educational stocks at primary,
secondary and tertiary levels

Regression 5

Model with stock of
primary education

Includes only educational stock at primary level

Regression 6

Model with stock of
secondary education

Includes only educational stock at secondary level

Regression 7

Model with stock of
tertiary education

Includes only educational stock at tertiary level

With that respect, we have chosen our estimation strategy due to the numerous
reasons. Firstly, the data aggregated on the national level provides the insight in the
overall productive effects of education. Second, the growth accounting regressions
derived from the macroeconomic growth models describe not only the human capital
but other variables (e.g. investment ratios, government consumption ratios) that must
be included in the regressions in order to avoid the omitted variable bias problem6;
Third, introducing the explanatory variables as the initial five-year periods values and
taking their logarithms is helpful in dealing with endogeneity. Namely, as it was
pointed out by Petrakis and Stamatakis (2002), education induces the growth with the
6

Empirical literature showed that omission of investment/physical capital proxy in regressions tends to
increase the estimated coefficient of return to education
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lagged effect of 10 years and hence, a subsequent economic growth is not likely to
affect the current investment into human capital. Since high economic growth is
likely to cause the growth in schooling in the long run, schooling changes at the high
frequency tend to reflect usually predetermined policy decisions and demographics
(Temple, 2001). Finally, we apply the panel data fixed effects model since it provides
the more efficient coefficient estimation and better understanding of dynamical
behavior of economies. Accordingly, we will be able account for the country specific
effects that often exist in the form of country specific shocks, technological levels,
educational policies in line with Hasaan and Ahmed (2008), Cohen and Soto (2007),
Lim and Adams-Khane (2008), and many others.
In general, the literature review suggested that the education is likely to be
endogeneous since according to the both theory and empirics, the higher economic
growth is expected to enlarge the educational investments. Namely, many researchers
assume that the demand for education is rather income-elastic and thus the induced
economic growth may stimulate more the corresponding demand. Accordingly, the
governments are more likely to enlarge the public spending on human capital as well
as to enable the bigger access to education. Furthermore, the development of sectors
with high-tech production and numerous services is most likely to induce the need for
highly educated labor force. Although many authors tried to overcome this
endogeneity problem by specifying the proxies for education as the initial values of
the sample time period, Sianesi and Van Reenen (2003) argued that there exist a
danger that such a specification is not robust since there is possibility that other
factors (e.g. political regime) may have a joint effect on education in initial period
and subsequent economic growth. Hence, we try to address the endogeneity of
education by estimating the original equations from the fixed effects model with
endogeneity corrected error terms from the first stage regressions where each
endoegenous variable was regressed on its first lag and remaining exogenous
regressors.
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4.3.

Data

The data used in our estimation procedure stems from the variant of human capital
augmented Solow-Swan model which was firstly proposed by Mankiw, Romer and
Weil (1992). Apart from the traditional regressors that always appear in the
augmented Solow model (i.e. investment, growth rate of population and human
capital proxy), this study considers additional control variables which were chosen
according to studies of Mankiw, Romer and Weil (1992), Benhabib and Spiegel
(1994) and Barro (2013).
4.3.1. Dependent variable

Growth rate of real per capita output: In line with overall economic growth
literature, the main variable of our interest is the growth rate of real (PPP converted)
GDP per capita in constant 2005 US$ as a proxy for economic growth. The data for
the real GDP per capita was taken from Penn World Tables (Version 7.2) and we
constructed a five-year averaged growth rates for all 17 countries during the period
1990-2010.
4.3.2. Independent variables

Initial output per capita: Following majority of the authors, we include in our
analysis the logarithm of initial real (PPP adjusted) GDP per capita in 2005 constant
US$ to control for the convergence or the catch-up effect. The data is taken from the
Penn World Tables 7.2 and it contains initial period observations for each five-year
period during the 1990-2010. We expect a negative sign of initial GDP per capita if
the hypothesis of conditional convergence holds, meaning that poor countries should
grow faster compared to the rich ones.
Growth rate of population: The population growth rate is calculated out of
observations on total population taken from the World Penn Tables 7.2 and it is
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augmented for the proxy for the exogenous growth of technology and depreciation
rate7. The data is taken from the Penn World Tables 7.2 and it contains initial period
observations for each five-year period during the 1990-2010. Within a Solow-Swan
model framework, population growth is expected to have a negative sign since it is
expected to reduce the level of capital (i.e. investment) in the steady state and hence,
to lower the overall economic growth.
Investment: In this study we use the real investment8 as the share of the real (PPP
adjusted) per capita output as a proxy for physical capital stock. The data is taken
from the Penn World Tables 7.2 and it contains initial period observations for each
five-year period during the 1990-2010. According to the neoclassical models, as the
augmented Solow-Swan model is, higher investments are expected to induce a higher
economic growth. Thus, we expect to obtain a positive sign on investment share of
GDP.
Government Consumption: According to empirical growth literature, it would be
desirable to include a proxy for the total government consumption expenditures in
order to control for the both behavior and size of the national governments in process
of economic growth. In this study we use the government consumption as the share of
the real (PPP adjusted) per capita output. The data is taken from the Penn World
Tables 7.2 and it contains initial period observations for each five-year period during
the 1990-2010. The estimated sign will indicate efficiency of respective government
consumption and thus, we can obtain either positive or negative sign. In line with the
studies of Barro, we expect to obtain a negative coefficient for the government
consumption expenditures since not efficient government spending in developing
countries usually tends to deject the investment and thus to lower the overall
economic growth.

7

Following Mankiw, Romer and Weil (1992), this proxy is taken to be 0.05.
Real investment encompasses both private and public investment. Benhabib and Spiegel (1994)
claimed that usage of this variable did not alter their results when it replaced the other proxies for
physical capital.
8
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4.3.3. Education

As opposed to the broad definition of human capital which takes into consideration
both educational and health indicators, this study is focused on the growth effect of
education only. The educational attainment data from the updated version of Barro
and Lee (2013) dataset has been takes as the proxy of education. The latest version of
this prominent data set contains the improvements of all educational estimates and
correction of those that showed too big fluctuations during the time. Far to our
knowledge, this updated dataset has not been used by any study so far. We use the
mean years of schooling for the population older than 15 both as the aggregated and
disaggregated measures (i.e. average years of primary, secondary and tertiary
schooling). This data set was most widely used by empirical growth literature,
including all the studies by Barro, Banerjee (2012), Benhabib and Spiegel (1994),
Hasaan and Ahmed (2008), Lim and Adams-Khane (2008), Cook (2002) and many
others.
The existing empirical literature has always paid attention to the numerous possible
errors in almost all educational proxies. Although Cohen and Soto (2007) criticized
educational attainment data of Barro and Lee (1993) for using the homogenous
mortality rates and for the presence of measurement errors, Schall (2007) in her study
compared three different educational data sets9 and found analogous trends in all
these datasets regardless of the different results obtained when each one of them was
used separately. More importantly, according to Schall (2007), the average years of
schooling seem to be the best educational proxy to catch the effects of different
educational policies. Similarly, Petrakis and Stamatakis (2002) argued that using a
completion rates as proxy for education could lead to a low-grade results since this
proxy mainly reflects the resource allocation within an educational system where
many poor countries were found to do it inefficiently. Furthermore, Pritchett (2001)
pointed out that literacy rates and enrolment rates are most likely to be inappropriate
9

Author compared average years of schooling from Barro and Lee (1993), de la Fuente and Domenech
(2002) and Cohen and Soto (2001) educational attainment data
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proxies for human capital. Similarly, according to Bils and Klenow (1998), findings
of Barro (1991), and Mankiw, Romer and Weil (1992) testify that enrollment rates as
proxy for education are very often “subject to substantial endogeneity” since more
developed nations will surely provide more education for their nation in the long run.
On the other hand, author assumes that enrollment rates would not be a relevant
proxy for human capital at the higher frequencies neither since education process
requires a long time to be built. Accordingly, Zaman (2013) analyzed most of the
educational proxies used by the empirical literature so far and concluded that the
schooling attainment data would be the most appropriate source for the educational
stock proxy, but the author at the same time expressed the skepticism if the same data
can be used to proxy investment into education. While Jones (1996) in his study
interprets the educational attainment data as the flow variable and consequently uses
it as a proxy for the human capital accumulation, Zaman (2013) argued that the most
appropriate proxy for such an investment would be public expenditure on education
or even the expenditure for research and development activities as it was done in the
study by Tiruneh and Radvansky (2011). Due to data constraints for the Balkan
countries, we are not able to assess the data for public expenditures on education, nor
the data for research and development expenditures, and therefore we leave this for
the future research.
Besides the fact that neoclassical growth theory declares that education has growth
effects mainly through its impact on the accumulation of human capital, Nelson and
Phelps (1966) argue that in the long run economic growth is mainly determined by
the stock of the human capital implying that the education should enter the growth
equations as the variable expressed either in logarithmic differences or in levels.
Nelson and Phelps (1966) keep on by claiming that in such a way misspecification of
the growth regressions could be avoided since education should enable people to
adopt, imitate and develop technologies that are crucial for the growth of countries.
Temple (2001) argued that empirical growth studies that relate economic growth to
both initial stock and accumulation in human capital were yet to come. In this study
education is used in both terms of stock and accumulation (investment) of education
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during all five-year periods. We proxy the stock of education by the average years of
total schooling for the population older than 15, as well as the average years of
primary, secondary and tertiary schooling for the population with the same age. We
use the average years of total schooling for the population aged between 15 and 19 to
proxy for the investment into education representing the accumulation of educational
stock. As Gemell (1995) proved, the utilization of both stock and accumulation of
average schooling years is justifiable when the measure of schooling years is volatile
during the analyzed period. Furthermore, Banerjee (2012) in his regressions includes
both of the measures simultaneously to partially capture the growth effect of physical
capital stock, while Cook (2002) does the same in order to avoid the omitted variable
bias problem. We expect to get the positive coefficients on educational variables
since the more educated labor force stock is expected to increase the factor
productivity and thus, to enhance the respective growth, and the efficient educational
investments are supposed to accordingly bring growth benefits to the countries as the
education was found to be significantly important for many other growth stimuli.
The information on description, source and expected signs of all control variables that
are included in our regressions can be found in table 4.3. All the regressors are
expressed in a logarithmic form. Mankiw, Romer and Weil (1992) suggested to use
all the regressors in logs and this choice seems to be natural when considering the
fact that they derive this relationship directly from the Solow-Swan model. Moreover,
following Tiruneh and Radvansky (2011), the explanatory variables are expressed as
the initial values in each five-year period, apart from those that enter the model as the
growth rates. The mentioned authors do so in order to minimize the endogeneity
problem as well as to control for the lagged effects of some regressors, especially
those of education. Namely, as it was pointed out by Petrakis and Stamatakis (2002),
the human capital affects the growth with the lagged effect of 10 years and thus, a
subsequent economic development is not likely to affect the current investment into
human capital. Accordingly, the endogeneity bias is likely to be overcome in the case
when initial level of education in each five year period is put in relationship with the
economic growth averaged for the five years.
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Table 4.3: Summary information on explanatory variables
Explanatory
variables

Explanation

Source

Expected
Sign

GDP

Real GDP per capita

Penn World Tables 7.2

(-)

POPG

Growth rate of population + Penn World Tables 7.2
0.05

(-)

Inv/GDP

Real investment as a share of Penn World Tables 7.2
real GDP per capita

(+)

Gov/GDP

Government consumption as a Penn World Tables 7.2
share of real GDP per capita

(±)

Educ15

Average years of schooling for Barro and Lee (2013)
population older than 15 years

(+)

PrimEduc15

Average years of primary Barro and Lee (2013)
schooling for population older
than 15 years

(+)

SecEduc15

Average years of secondary Barro and Lee (2013)
schooling for population older
than 15 years

(+)

TertEduc15

Average years of tertiary Barro and Lee (2013)
schooling for population older
than 15 years

(+)

Educ15-19

Average years of schooling for Barro and Lee (2013)
population aged between 15
and 19 years

(+)

This study contributes to the empirical literature of the growth effects of education
since 1) the estimation is done on the sample of countries that were not grouped
within CEE region and Balkan peninsula for this purposes; 2) the sample includes the
countries that were not analyzed far to our knowledge (i.e. Albania, Croatia and
Serbia), and 3) we utilize the newest updated version of Barro and Lee (2013) dataset
on educational attainment that contains the improvements of all educational estimates
and correction of those that showed too big fluctuations during the time. Far to our
knowledge, this updated dataset has not been used by any study so far. In addition,
we modify the proposed specification by simultaneously modelling the educational
stock and accumulation which has not become the practice in literature yet.
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4.4.

Quantity and quality of education

The most common proxies for the human capital used by the empirical growth studies
can be categorized in 4 groups: average schooling years both on aggregated and
disaggregated levels; enrolment rates categorized by the gender and educational level;
educated labor force in proportion to the total labor force at different levels, and
measures of educational stock and accumulation that were constructed by the authors
themselves. As it was pointed out by Zaman (2013), the main focus of educational
attainment data which was used to proxy for educational variables in this study is on
the quantitative measures of human capital rather than on the qualitative ones. The
author argues that the qualitative differences in education across the countries are
likely to cause the distinctions in the educational stock which is expected to result in
the heterogeneities that are present in the countries in the dataset. Sianesi and Van
Reenen (2003) also criticized the empirical growth studies for assuming that, for
example, one year of tertiary education in United States corresponds to the one year
at the same grade in Egypt. Also, as it was recognized by some of the authors (e.g.
Chatterji, 1998), the starting age of entering secondary education in some countries
and tertiary education in another countries may coincide. Accordingly, many of the
authors concerned with the empirical growth effects of education acknowledge
significance of the qualitative educational measures and assign it a key role for
reconciling the positive relationship between education and growth.
In line with these arguments, Hanushek nad Kimko (1995) recognized that
educational systems considerably differ in the worldwide context in terms of
requirements for students to enter the educational institution, organization and
duration of the corresponding educational programs, as well as in the term of
schooling resources. Thus, the authors aimed to account for these distinctions in
schooling quality across the countries and used a test scores to proxy for schooling
outcomes. Authors found that these measures of cognitive performance that are
internationally comparable have a considerably significant and robust relationship
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with economic growth. More importantly, the authors pointed out that the marginal
effect of educational quality on growth is found to downtrend as the educational level
of total population increases, implying that the average years of schooling are a
decreasing function of the educational quality. Finally, inclusion of the proxies for the
labor force (educational) quality is found to notably reduce the estimated magnitude
of the growth effects of the average schooling years.
In their later study, Hanushek and Kimko (2000) defined the qualitative component
of human capital by the schooling inputs measures (e.g. salaries for the providers of
education) and cognitive skills measures of individuals (e.g. various tests scores that
are internationally comparable). As it was argued by authors, in a theoretical context,
the cognitive tests scores suit the research and development activities as the economic
growth source. The students that have a deep understanding of both the science and
mathematics are expected to “form a pool of future engineers and scientists”.
Accordingly, Bishop (1992) tested the significance of scores from the mathematics
tests in the United States and confirmed the importance of this discipline in its
contribution to the productivity of individuals and their lifetime income. Although
they claim that the cognitive skills measures are more likely to reflect the factors
contributing to the human capital development besides the formal schooling,
measures of schooling inputs are useful in filling the gaps in the cases where the
human capital quality is only partially captured by cognitive tests scores. Similarly,
Jorgenson and Fraumeni (1992) obtained the proxy for quality of educational stock
by analyzing the earnings during the individuals’ lifetime10 which they after adjusted
for the estimated value of nonmarket activities.
However, Zaman (2013) criticized Hanushek and Kimko (2000) for using the
qualitative measure of education only and suggested that construction of the dataset
containing both the qualitative adjusted education data and information for the
educational quantity would be the most appropriate solution. Finally, one of the most
prominent growth experts, Barro (2013), tested whether the indicators of quality of
10

Analysis was done by the categories of age, sex and education
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education are more important than those for the quantity and found that all scores
from the mathematics, science and reading tests are even more significant growth
determinants. For the purposes of our study we were not able to assess the proxies for
educational quality since the data for the countries of our interest (e.g. Balkan
countries) was not available. Having said that, we leave this issue to be addressed in
the future research.
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5. RESULTS
Within the empirical evaluation we firstly estimate the augmented Solow-Swan
model depicted by equation (7) which jointly includes the aggregated proxies for
average educational stock and average investment into education (Regression 1).
Then we run complementary regressions where the average educational stock
(Regression 2) and average investment (Regression 3) are included separately to
check whether the results differ from the one when both proxies are used jointly.
Afterwards we continue with estimating only the stock of education and decomposing
it into primary, secondary and tertiary stocks and thus, we estimate the model with all
the disaggregated educational levels entered simultaneously (Regression 4). At the
end, we estimate additional regressions where primary (Regression 5), secondary
(Regression 6) and tertiary (Regression 7) educational stocks are entered separately
into the model. As a result, all the regressions are obtained using the panel fixed
effects model with heteroskedasticity-consistent standard errors, and all of the output
tables contain the results based on these 7 regressions.

5.1.

Growth effect of education in CEE countries

Our empirical results suggest that the educational stock is significantly contributing
to economic growth of CEE countries. Even though the educational investment was
found moderately significant when used jointly with educational stock (see table
5.1.1, Regression 1), in line with the findings of Benhabib and Spiegel (1994), its
growth effect was found to be negative. Moreover, in the model where educational
investment was used solely, the estimated coefficient was statistically insignificant
(see table 5.1.1, Regression 3)11 implying that educational investments were
counterproductive when the educational stock was significantly positive. The
respective educational stock was found positive and highly significant both when
11

Note: All original outputs from Gretle presented thought the section with results are provided on a
CD attached to this study
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used solely and jointly with the proxy for investment. Having said that, our results
suggest that during the 1990-2010, average educational stock was inducing a higher
growth, meaning that a 1 percentage point of increase in average years of total
schooling resulted in an increase of a 0.253 percentage points of per capita GDP in
next 5 years12. Hence, although the educational stock in CEE region was sufficient to
induce the growth, the respective investments were found counterproductive. Our
result imply that the CEE policy makers should focus on investing bigger lump-sum
amounts at fixed time intervals in order to create sufficiently high educational stock
and hence, to stimulate subsequent growth. With regards to the smaller “relevance” of
educational investments, we recommend detecting the weaknesses of educational
systems and governance and hence, improvement of its quality.
Table 5.1.1: Baseline Model: educational stock or investment?
Regressors

Regression (1)

Regression (2)

Regression (3)

Constant

0.476

0.613*

0.998***

(0.410)

(0.328)

(0.344)

-0.131***

-0.119***

-0.103***

(0.014)

(0.017)

(0.018)

-0.015

-0.037

-0.075

(0.089)

(0.066)

(0.073)

0.048***

0.046***

0.054***

(0.010)

(0.016)

(0.018)

-0.121***

-0.160***

-0.202***

(0.033)

(0.030)

(0.031)

0.409***

0.253***

(0.122)

(0.077)

GDP

POPG

Inv/GDP

Gov/GDP

Educ15

Educ15-19

-0.067**

0.006

(0.028)

(0.06)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
12

All estimated coefficients are interpreted under condition that remaining regressors were controlled
for
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In a nutshell, our results are in line with the studies of Benhabib and Spiegel (1994),
and Prichett (1990) who found initial stock of average years of schooling to be
significant determinant of the per capita output growth, as opposed to the
accumulation of education which was found to be statistically insignificant and with a
negative sign. More importantly, we found the estimated elasticity of the growth
effects of educational stock to be 0.235 in line with the studies of Benhabib and
Spiegel (1994), Bils and Klenow (2000), and Cohen and Soto (2007).13 Cook (2007)
commented the findings of Benhabib and Spiegel (1994) regarding the insignificant
coefficient on human capital accumulation, and argued that it has been observed that
the educational stock was much higher in the 8th and 9th decade of the previous
century than it was in the 7th decade causing the human capital accumulation to be
negative. The author also comments that the technology growth in a worldwide
context happened to be much higher in earlier periods compared to the later ones.
Obviously, such a pattern would reduce the significant growth effects of education.
Since our results indicate that educational stock matters more for growth as opposed
to educational investment, within the next step we decompose the total educational
stock into the primary, secondary and tertiary stocks. Apart from the primary
education that was found statistically insignificant and thus irrelevant for the
economic growth of CEE countries, both secondary and tertiary education were found
as significant growth determinants with similar magnitude of coefficient size.
Namely, in line with the study of Barro (1996), a one percentage point of increase in
average years of secondary and tertiary schooling during 1990-2010 resulted in an
increase of a 0.083 (i.e. 0.12) percentage points of per capita output in next five years.
Both models when individual educational levels were entered jointly and separately
indicate the same growth effects (see table 5.1.2). As it was argued by Barro (2013),
the provision of schooling resources at different educational levels is directly and
strongly determined by government decisions since the stock on higher educational
13

Benhabib and Spiegel (1994) also used average years of schooling and obtained the coefficient of
0.233. Bils and Klenow (2000), and Cohen and Soto (2007) used new measures to proxy for education
stock and found the coefficient elasticity of size 0.21 and 0.22, respectively.
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levels is likely to absorb the leading countries’ technologies implying that pubic
policies are major driver of the human capital accumulation. Thus, in order to
increase and strengthen the growth effects of education in CEE countries as a whole,
the policy decisions should be directed towards increasing the average educational
stock of labour force, with the biggest resources devoted to the higher education. Our
results imply that such a more complex skills and competences that labour force get
from educational institutions are more likely to be required on labour market, to
increase capital productivity and thus, to stimulate both private and social returns to
education in CEE countries.

Table 5.1.2: Baseline Model: which educational level matters the most?
Regressors

Regression (4)

Regression (5)

Regression (6)

Regression (7)

constant

1.199***

0.862

1.044***

1.448***

(0.418)

(0.046)

(0.301)

(0.313)

-0.139***

-0.102***

-0.121***

-0.139***

(0.011)

(0.018)

(0.016)

(0.018)

-0.023

-0.075

-0.041

-0.034

(0.086)

(0.73)

(0.065)

(0.063)

0.037***

0.054***

0.039***

0.045***

(0.011)

(0.018)

(0.016)

(0.015)

-0.116***

-0.211***

-0.141***

-0.138***

(0.032)

(0.030)

(0.032)

(0.031)

0.072

0.075

(0.014)

(0.139)

GDP

POPG

Inv/GDP

Gov/GDP

PrimEduc15

SecEduc15

TertEduc15

0.083*

0.120***

(0.043)

(0.034)

0.083**

0.119***

(0.041)

(0.030)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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In the analysis with the disaggregated educational levels, the stocks of secondary and
tertiary education were found to be concurrently important CEE countries’ growth
determinants during 1990-2010. The estimated elasticity of coefficients on secondary
and tertiary education of 0.083 is in line with one of the growth, Barro (1996).14 We
also found that the real investments were significantly inducing the subsequent
growth, while the government consumption was found to be negative implying the
inefficient spending of the respective governments. Despite from the fact the
(generally) much more costly higher education was found with biggest growth effects
implying that the CEE economies rely on production of products and services at the
advanced stages of production processes, the respective countries should dedicate
more budget resources into higher educational levels in order to foster the economic
growth rate. In addition, our results indicate that the convergence is taking place in
CEE countries, meaning that less developed countries are growing faster than those
that are already developed. Hence, the efficient resource allocation regarding
educational sector and efficient utilization of human capital are necessary to stimulate
the respective countries to continue growing.

5.2.

Discussion of results and policy implications

The estimated positive growth effects of education implies that in CEE countries
there is a beneficial environment that enables the transference and application of
knowledge and skills gained from education (especially the one at higher levels)
throughout the economy, which in return stimulates the economic growth. Thus, in
order to increase the growth effects of education, policy decision in CEE countries
should be directed towards investing sufficiently high lump-sum amounts at fixed
time intervals since the positive return on educational stock can be easier detected in
long-term horizons. In such a way, the initial educational stock will be increased and
expected to be more significant subsequent growth stimuli. The model results also
imply that the policy decisions should be directed towards investing more resources
14

Barro (1996) found this elasticity to be 0.0188 percentage points.
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into higher levels of education, especially the one on tertiary level. In policy terms,
our recommendations are in the line with Chatterji (1998) who argues that its obvious
upper bound implies that the education on tertiary level is not likely to drive the
growth indefinitely for the economies that are already advanced but it should be of
the central concern for the countries that are still catching-up with the world leaders.
In the line with policy recommendations of this author and Barro (2013), we state that
our results do not imply that the lower levels of education should be ignored since
they represent the prerequisites and the quality base for the higher ones. As the
government consumption was found to be significantly negative in CEE countries, we
suggest that the policy makers should primarily analyze their budget plans and
accordingly estimate the relative costs of different educational levels in order to, in
relative terms, dedicate more resources into higher education. Simoes (2011) argues
that since in the majority of countries the lower educational levels are mostly funded
publically, our results imply that balanced division of budgetary resources across all
educational levels should be the main goal of rational governments.
In line with Barro (2013), we also suggest that policy makers, apart from maintaining
the individual educational levels, could also focus on improving the quality and
efficiency of respective educational systems. Duma (2007) suggests that the reforms
aimed towards increasing the factors’ productivity are necessary but not sufficient
conditions for creating the growth enhancing environment. Lau, Jaminson and Rivkin
(1993) argue that both physical capital and technical progress are educational
complementaries meaning that their efficiencies are conditioned. Thus, growth effect
of average education can be enlarged by physical capital stimulation and adaption of
respective educational systems to technological requirements. Authors also argue that
overall institutional environment of economies determines the growth effects of
education. Hence, the analysis of the constantly changing market characteristics
should be done regularly in order to develop and efficiently utilize the existing and
future human capital by adjusting it to the labor market requirements and production
structure of respective economies.
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6. ARE BALKAN COUNTRIES DIFFERENT?
Within this section we want to assess the growth effects of education in Balkan
countries. We are interested if the growth effects of education are different in Balkan
compared to the CEE countries as a whole since the countries that belong to Balkan
Peninsula were going through the transition from socialism to civil society during
1990-2010 which substantially shaped their educational policies and mechanisms of
growth enhancement. However, such transition determined their different levels of
economic developments that were found to influence the effectiveness of channels
through which education induces economic growth. Because of the data constraints,
we included only six representatives of the Balkan countries in our dataset (i.e.
Albania, Bulgaria, Croatia, Romania, Serbia and Slovenia). Moreover, due to the
insufficient cross-sectional and time-series units, we were not able to estimate the
educational growth effect on the Balkan subsample, so we introduced the cross
product Balkan dummy for all the educational variables. The dummies are denoted as
the EducB15 and EducB15-19 representing the average years of total schooling in
Balkan countries for the population older than 15 years, and for the population aged
between 15 and 19, respectively. Accordingly, we use PrimEducB15, SecEduc15 and
TertEduc15 to denote the average years of primary, secondary and tertiary schooling
in Balkan countries, respectively. As in the previous regressions, the Balkan dummies
for the educational proxies enter the model in logarithmic forms and as initial values
at each five-year period. In the line with previous subsection, we estimate the
baseline 7 regressions with the cross-product dummies for each educational variable
by the panel fixed effects with heteroskedasticity-consistent standard errors.

6.1.

Growth effects of education in Balkan countries

Empirical results suggest that only the educational investment in Balkan countries
“significantly” induces the economic growth (see table 6.1.1, Regression 1). That is,
an increase of educational investments in Balkan during 1990-2010 was inducing 0.1
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percentage points bigger average increase of per capita output compared to the CEE
countries but with the overall growth effect close to 0. However, when used
separately in the model, none of the educational proxies was found significant. In line
with Engelbrecht (2003), our results imply that neither the average educational stock
nor investment in Balkan countries significantly induced the CEE countries growth.
Nevertheless, in policy terms our results imply that the Balkan governments should
gradually increase their educational investments to accumulate the educational stock
at the level sufficiently high to stimulate the growth.
Table 6.1.1: Are Balkan countries different: educational stock or investment?
Regressors

Regression (1)

Regression (2)

Regression (3)

Constant

0.316

0.531

0.988**

(0.377)

(0.352)

(0.347)

-0.134***

-0.119***

-0.103***

(0.013)

(0.017)

(0.018)

-0.015

-0.038

-0.079

(0.089)

(0.067)

(0.073)

0.038***

0.041***

0.052***

(0.008)

(0.018)

(0.018)

-0.109***

-0.155***

-0.204***

(0.028)

(0.031)

(0.031)

0.474***

0.242***

(0.106)

(0.079)

GDP

POPG

Inv/GDP

Gov/GDP

Educ15

Educ15-19

EducB15

Educ15-19

-0.112***

-0.006

(0.027)

(0.029)

0.067

0.128

(0.198)

(0.190)

0.103***

0.037

(0.030)

(0.051)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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Kyriacou (1991) argued that literature generally implies that human capital is one of
the most probable factors that enabled the developing countries to catch up with
advanced ones. Author explains his insignificantly negative coefficient on average
years of labor force schooling by high fixed costs related to educational provision, by
opportunity costs of educational acquisition, and by the transaction, communication
and other costs incurred by workers working in less educated environment. Following
the idea of Romer (1990) that educational endowments are technology growth
determinants, Kyriacou (1991) suggest that in growth regressions the initial level of
average schooling yoers can be observed as a proxy for growth of technology. The
respective findings confirm this explanation and it finds support in real world.
Namely, it has been found that convergence hypothesis is confirmed only in the cases
when the human capital stock has been accumulated at sufficient levels.
Furthermore, Petrakis and Stamatakis (2002) pointed out that the human capital
affects the growth with the lagged effect of 10 years. Accordingly, the individuals
that are involved in educational process, especially in those on the lower educational
levels, are likely to start working and therefore contribute to the growth after at least
one decade. As a result, the positive effects of educational investments that can be
detected easier in the long-term horizons. As it was pointed out by Krueger and
Lindahl (1999), the education was found to be positively correlated with the
unemployment in developing countries implying that the investing in human capital
can reduce the economic growth. In particular, in the less developed countries and
those in the process of transition this link is more likely to be ambiguous since the
market institutions in terms of harmonization with the rest of the world is still in the
building process and it is not simulative for usage of the gained knowledge and
competences.
Within the next step, we want to test whether the separate educational levels in
Balkan countries induce the economic growth. In line with the previous section, the
average educational stock was decomposed into disaggregated stocks.

53

Table 6.1.2: Are Balkan countries different: which educational level matters the
most?
Regressors

Regression (4)

Regression (5)

Regression (6)

Regression (7)

Constant

1.284***

0.858**

1.047***

1.469***

(0.442)

(0.419)

(0.304)

(0.306)

-0.137***

-0.105***

-0.122***

-0.142***

(0.011)

(0.017)

(0.017)

(0.017)

-0.019

-0.040

-0.040

-0.031

(0.086)

(0.072)

(0.065)

(0.062)

0.032***

0.0508***

0.042**

0.048***

(0.010)

(0.017)

(0.018)

(0.015)

-0.124***

-0.201***

-0.141***

-0.141***

(0.030)

(0.029)

(0.032)

(0.030)

0.073

0.378*

(0.148)

(0.197)

GDP

POPG

Inv/GDP

Gov/GDP

PrimEduc15

SecEduc15

TertEduc15

PrimBEduc15

SecEducB15

TertEducB15

0.049

0.127***

(0.052)

(0.040)

0.123**

0.147***

(0.051)

(0.034)

-0.088

-0.571**

(0.289)

(0.272)

0.082

-0.018

(0.065)

(0.053)

-0.116*

-0.069*

(0.065)

(0.039)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl

The estimation results indicate that only the proxy for tertiary education was found
consistently significant in both regressions, e.g. when used jointly with other
educational levels, and when used solely (see table 6.1.2, regressions 4 and 7). As
opposed to high significance of tertiary education in CEE countries in, the results
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from this model suggest that growth effect of tertiary education in Balkan countries
was marginally significant with the implication that a one percentage point increase
in average years of schooling in Balkan countries during the 1990-2010 on average
was reducing the growth of CEE countries by 0.116 percentage points. Furthermore,
the coefficient of average stock of primary education was accordingly found negative
but highly significant (see table 6.1.2, regressions 4 and 5).
In a nutshell, the obtained results are in the line with the findings of Benhabib and
Spiegel (1994) whose study could not confirm the significance of any disaggregated
educational level. With that respect, in order to stimulate the growth effects of
education in Balkan countries, the policy makers should make on average bigger
investments than in the CEE countries, especially those into higher educational levels
since the aggregate returns to education in Balkan countries were found to be
significantly smaller. Hasaan and Ahmed (2008) argued that the cost of primary
education is about 100 times less than the corresponding costs of the higher
education. Meaning, in the countries that are not growing at the high rate, the
investment into higher education may not have a pay-off in the short-run horizon. As
it was pointed out by Machin and Macrally (2008), the situations where individuals
engaged within higher education are studying the subjects which are not likely to be
in need in the market is often. Consequently, investing in tertiary level of education
will not be reflected in the human capital increase that can positively and
significantly induce the growth.
Furthermore, Engelbrecht (2003) argued that these formal educational measures often
neglect the amount of human capital that can be assessed from other sources like the
job experience, or even the vocational training. More importantly, Chatterji (1998)
pointed out that the age of starting the secondary and tertiary education may coincide
in some countries. Namely, while in some countries individuals start their
college/university education at the age of 16, in the countries with a more developed
system of education individuals of the same age start their secondary education.
Finally, Petrakis and Stamatakis (2002) faced the similar finding by obtaining the
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negative sign for tertiary education that changed when the analysis was done at the
frequency of ten-year periods, instead of the five-year basis. Since data for the
countries in our sample is available only for the 1990-2010 period, we are unable to
perform the same modification as the mentioned authors. Accordingly, Barro and Lee
(2001) argued that their new dataset on educational attainment is with a few
drawbacks. Namely, data does not take into account the possible experience and skills
gained after completing their education, possible differences in quality of education
across the countries nor it measures the skills of human capital that are usually
acquired at schools.

6.2.

Discussion of results and policy implications

Apart from the policy implications for the CEE region as a whole, empirical results
from this section allows us to make more specific recommendations for the listed
Balkan countries. In general, the growth effects of education in Balkan were found to
be almost irrelevant and, on average, less significant than those of the CEE region as
a whole. These findings suggest that the knowledge and skills gained throughout the
educational system are not efficiently transferred nor applied in Balkan markets,
which in turn does not stimulate the subsequent economic growth. Since our results
indicate that the educational investments are significant, although with almost
irrelevant magnitude of effect, as opposed to CEE countries, we recommend gradual
increasing of resources devoted into educational sector as educational stock is still not
at the sufficient, growth enhancing level. Accordingly, the government investments
for all separate educational levels should be relatively increased with the particular
focus on higher education.
In line with the majority of growth experts, we argue that the stable political and
institutional environments are of crucial importance for the growth effects of
education to be significant and positive. Due to specific historical background that
during the centuries shaped the development of Balkan, a substantially smaller
democracy, huge indebtedness and economy destruction were some of the inevitable
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consequences. As opposed to the CEE countries as a whole, during the 1990-2010 the
listed Balkan countries were going through transition from socialism into civil society
which was followed by war damages, dedication most of resources for military
purposes, and resulted in unstable and inefficient governments and other institutions.
Such an environment was obviously not concerned with educational investments
which were contaminated by political, religious and social influences. Thus, almost
insignificant growth effects of education in Balkan countries obtained in this study is
less surprising (for more detailed information, see Appendix 2).
We carefully recommend to the policy makers in Balkan countries that their primary
goal should be democratic institutions and human capital base strengthening which
were destroyed in civil wars and weakened during the transition period, in line with
Loening, Rao and Singh (2010)15. As Balkan countries faced poor institutional
environment and governance, which negatively affected the overall investment
opportunities and physical capital stock, we suggest that the policy actions should be
oriented towards improvement of investment opportunities and reduction of trade
distortions in order to stimulate both domestic and foreign capital investments which
are assumed to be complementary factors to educational policies. Thorbecke and Jung
(2001) highlighted the importance of appropriate policy measures supporting the
educational expenditures and hence maximizing its impact. In line with respective
authors, we suggest that educational resources should be oriented more towards the
poor individuals, and government policies should enhance labor demand according to
the observed growth path. Namely, the educational system could be redesigned in
order to provide educated with skills that correspond to the labor demand and also to
the predominant production structure of respective countries, and governments could
dedicate significant resources to magnify the productivity of labour. Accordingly, we
recommend further extension of the present study to detect and deeper analyze
disaggregated issues that would make it easier to understand better the mechanisms of
growth effects of education, in line with Sianesi and Van Reenen (2013). Since many
15

Authors justify the poor growth effects of education in Guatemala by political and institutional
instability that resulted from war.
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countries mutually differ in their means of educational services and delivery, the too
general results as presented in this study are not useful for identification of such
services.
Summarizing the above stated, in order to stimulate the growth returns to overall
education in Balkan countries, the policy decisions should be related to identification
of weaknesses of educational institutions and governance, strengthening of
democratic institutions and human capital base, and creating the investment
stimulating environment. Apart from the necessity to timely increase the educational
investments and accordingly create sufficiently high average educational stock, the
policy decisions could be directed towards adjusting the educational policies to the
requirements of respective labour markets, and production structure of their
economies, to decide for which educational level the most resources should be
devoted. The overall empirical literature implies that appropriate stable political and
institutional environment, good educational system and efficient usage of human
capital are prerequisites for significant growth effects of education. In essence, the
policy implications should be primarily related to the solving these issues that were
found to be of the biggest priority.
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7. ROBUSTNESS TESTS
7.1.

Testing for robustness of results for CEE countries

In order to test for robustness of our regressions, we decided to use a different proxy
for the disaggregated educational stock. Basically, the completion rates on the
primary, secondary and tertiary educational levels for the population older than 15
have been used and denoted by PrimCom15, SecCom15 and TertCom15 respectively.
As Petrakis and Stamatakis (2002) argued that this proxy mainly reflects the resource
allocation within educational system, we are interested whether the findings from the
previous sections will be confirmed. The corresponding educational variables are
defined as the ratio of the population older than 15 years who completed the primary,
secondary and tertiary education, respectively, in the total population older than 15
years. In the line with the previous work, the completion rates are expressed in
logarithms and are used as initial values in each five-year period. The data of
completion rates is accordingly taken from the Barro and Lee (2013) updated dataset.
Our empirical results suggest that that the benchmark model is robust to inclusion of
different proxies for education. In general, the positive growth effect of educational
stock in CEE countries can be confirmed. Having said that, only the stock tertiary
education was found highly significant indicating that a one percentage point of
increase in the completion rate of tertiary education will results in an increase of a 0.1
percentage points of per capita output once the remaining regressors are kept constant
(see Appendix 3, table 7.1.1, regression 1). Moreover, when separate educational
stocks were used as a single educational proxy in the model, results differ only in the
case of primary education which was found moderately significant and with negative
sign. In general, these findings are in line with our results when average years of
schooling were used and therefore the suggestion of dedicating the budgetary
resources into all educational levels with the particular attention on higher education
remains justified.
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Table 7.1: Baseline model re-estimation with completion rates: which
educational level matters the most?
Regressors

Regression (4)

Regression (5)

Regression (6)

Regression (7)

constant

1.178***

1.151***

0.803***

1.099***

(0.350)

(0.322)

(0.358)

(0.289)

-0.141***

-0.116***

-0.103***

-0.137***

(0.012)

(0.017)

(0.017)

(0.017)

-0.029

-0.067

-0.075

-0.029

(0.076)

(0.068)

(0.071)

(0.062)

0.046***

0.055***

0.052***

0.045***

(0.010)

(0.016)

(0.017)

(0.015)

-0.131***

-0.184***

-0.181***

-0.134***

(0.031)

(0.029)

(0.032)

(0.030)

-0.012

-0.018**

(0.009)

(0.007)

GDP

POPG

Inv/GDP

Gov/GDP

PrimCom15

SecCom15

TertCom15

0.001

0.048

(0.042)

(0.031)

0.101***

0.115***

(0.030)

(0.028)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl

Additionally, we want to test whether our results are robust to the same proxies for
educational stock but for the different age group and hence, we run the same
regressions with the average years of schooling for the population older than 25
years. Accordingly, we denote by Educ25 the average years of total for population
older than 25 years, and by PrimEduc25, SecEduc25, and TertEduc25 the average
years of primary, secondary, and tertiary schooling for the population older than 25,
respectively. Moreover, we again test the robustness of results regarding
disaggregated educational levels with completion rates but this time for the
population older than 25, and we denote the respective educational proxies with
PrimCom25, SecCom25 and TertCom25 that represent the completion rate of
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primary, secondary and tertiary schooling for the population older than 25. As it was
the case in the whole empirical estimation procedure in this study, all of the
educational proxies enter the model in logarithmic forms and as initial period values.
In a nutshell, the results for the growth effects of education for the population older
than 25 years are in the line with our benchmark results that were tested for the
population older than 15 years. In essence, the educational stock was found to be a
significant growth determinant as opposed to the educational investment, where the
biggest growth effects was found for the proxy of tertiary educational stock in CEE
countries (see Appendix 3, table A7.1.3). More importantly, all of the remaining
regressors kept the same statistical significance and sign, with the similar magnitude
of coefficient sizes. Thus, we can conclude that our benchmark model is robust to
different educational proxies.

7.2.

Testing for robustness of results for Balkan countries

Within this subsection we repeat the same procedure with new educational proxies
for the case of Balkan countries, and we define a cross-product dummy variable for
the completion rates on the primary, secondary and tertiary levels denoting them by
PrimComB15, SecComB15, and TertComB15, respectively. In line with the model
results when the average years of schooling were used, the secondary education in
Balkan countries appeared to be irrelevant for economic growth of CEE countries
(see Appendix 3, table 7.2.1). Accordingly, both the coefficients on primary and
tertiary education were found with low statistical significance as well as with the
negative sign. More importantly, in all 4 regressions where completion rates were
used, the remaining regressors were estimated with the same sign and significance,
and with the very similar magnitude of coefficient size. As our result potentially
imply that resource allocation into educational sector is not efficient, our policy
suggestion for gradual increasing the budgetary resources for all individual
educational levels can be still valid.
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Table 7.2: Are Balkan countries different? Re-estimation of model with
completion rates: which educational level matters the most?
Regressors

Regression (4)

Regression (5)

Regression (6)

Regression (7)

constant

1.412***

1.349***

0.783***

1.111***

(0.292)

(0.330)

(0.360)

(0.280)

-0.146***

-0.124***

-0.102***

-0.139***

(0.010)

(0.017)

(0.018)

(0.017)

-0.004

-0.046

-0.075

-0.026

(0.067)

(0.067)

(0.071)

(0.061)

0.034***

0.046***

0.043**

0.05***

(0.010)

(0.017)

(0.020)

(0.015)

-0.153***

-0.186***

-0.180***

-0.138***

(0.023)

(0.028)

(0.032)

(0.029)

-0.008

-0.154**

(0.006)

(0.007)

GDP

POPG

Inv/GDP

Gov/GDP

PrimCom15

SecCom15

TertCom15

PrimComB15

SecComB15

TertComB15

-0.012

0.035

(0.036)

(0.034)

0.130***

0.142***

(0.032)

(0.030)

-0.063***

-0.046*

(0.018)

(0.024)

0.076

0.063

(0.063)

(0.073)

-0.137***

-0.070*

(0.041)

(0.037)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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In accordance with the section for CEE countries as a whole, we want to test whether
our results for Balkan countries are robust to the same proxies for educational stock
but for the different age group and hence, we run all of the regression with the
average years of schooling for the population older than 25 years. The Balkan crossproduct dummie for educational stock is denoted by EducB25 indicating the average
years of total schooling in Balkan countries for the population older than 25 years.
Accordingly, we use PrimEducB25, SecEducB25 and TertEduc25 to denote the
average years of primary, secondary and tertiary schooling for the population older
than 25 years in Balkan countries, respectively. In accordance with the previous
subsection, we run the same set of regressions for the population older than 25 years
by using the PrimComB25, SecComB25 and TertComB25denoting the cross-product
Balkan dummy as the completion rates of the primary, secondary and tertiary level.
As it was the case in the whole empirical estimation procedure in this study, all of the
educational proxies enter the model in logarithmic forms.
Such estimated results suggest that the growth effects of education are found to be
either statistically insignificant, or close to zero (see Appendix 3, table A7.2.2),
which is in line with our general results16. Namely, as it was the case with the
population older than 15 years, only average investment into education and the stock
of primary education in Balkan countries were found statistically significant but with
coefficients close to zero implying their irrelevance for the economic growth of CEE
countries. Results for the completion rates again indicate that both primary and
tertiary education are significant even though with smaller growth effect compared to
average returns to education in CEE countries as whole (see Appendix 3, table
A7.2.3). Moreover, the overall growth effect of educational levels was found to be
close to zero. Thus, our benchmark models are robust to using the different proxies
for education. Having said that, it was again confirmed that our regressions are
robust, meaning that the chosen model specifications is most likely correct, and that
the estimated results are hovewer reliable.
16

As it was the case in all the regressions in the study, the remaining regressors kept the same
statistical significance and sign, and the similar magnitude of coefficient sizes
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7.3.

Addressing the endogeneity of education

Within this subsection we apply the instrumental variable approach within our fixed
effects model to address the potential endogeneity of educational proxies. In line with
the empirical literature, we use the lagged values of all educational variables as their
instruments. Firstly, we regressed each of the educational proxies on their first lag
and remaining exogenous regressors, where all of the instruments were found to have
a high predictive power on the current proxies. Afterwards we saved the endogeneity
corrected error term from such a model and included it in original regressions. The
corresponding error terms are denoted as u_Educ15, u_Educ15-19, u_PrimEduc15,
u_SecEduc15 and u_TertEuc15, indicating the endogeneity corrected error terms
from the first stage equations for the proxies of average educational stock, average
investment into education, and educational stocks on the primary, secondary and
tertiary levels, respectively.
Apart from the few regressions were the endogeneity of education could not be
confirmed (e.g. stock of the secondary education), the results from the remaining
regressions indicate that the endogeneity of education did not alter the general results
from the baseline model with fixed effects (see Appendix 3, table A7.3.1)17. Namely,
in CEE countries the educational stock was found to be highly significant with the
coefficient size of 0.493 that is bigger than the one from the simple fixed effects
model, while the investment into education was found negative and even insignificant
when put solely into the model. In addition, stocks of secondary and tertiary
education were found to be both highly significant with the bigger effect of tertiary
education (e.g.0.139 compared to the 0.116 growth effect of secondary level).
Regarding the Balkan countries, both dummies for average educational stock and
average investment were found statistically significant in the first regression (e.g.
when modeled jointly) while their significance could not be confirmed in the
regressions 2 and 3 (see Appendix 3, table A7.3.2). When assessing the growth
17

The significance of those error terms confirms the endogeneity of educational proxies.
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effects of the disaggregated educational levels, the stock of primary education in
Balkan countries was found to have negative effect (0.166) on economic growth
while the one percentage point increase in a stock of tertiary education in Balkan
countries was found to induce the growth in output per capita per 0.109 percentage
points.
In general, our baseline results were however confirmed and thus we would still
recommend the same policy actions. Because of the data constraints for the subgroup
of Balkan countries, we were not able to use different instruments for education.
Hence, for future research and extension, we suggest exploration of different
instruments to account for endogeneity, and therefore to get more precise estimates of
the growth effects in CEE and Balkan countries.
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8. CONCLUSIONS
The present study attempted to assess the growth effects of education in CEE and
Balkan countries. As opposed to the persistent and strong linkages between the levels
of education and rates of wages typically found in microeconomic studies, the
education – economic growth relationship still remains unclear. The questions
whether the educational stock or accumulation matter more for growth, and what are
the growth effects of individual educational levels, create an on-going debate among
the growth experts. The present study contributes to overall empirical literature since
it tests the growth effects of education on the groups of CEE and Balkan countries
that were not grouped in this manner before, and it utilizes the newest updated Barro
and Lee (2013) prominent data set on educational attainment.
The fixed effects estimates from our cross-country growth accounting regressions
indicate that average educational stock is significantly inducing the CEE countries’
growth, with the biggest growth effect of tertiary education. That is, while the 1
percentage point increase in average educational stock was found to induce the
economic growth by 0.253 percentage points, the equivalent increase in the stock of
tertiary education was found to be connected with the growth increase of 0.083
percentage points. The accumulation of education was found to be counterproductive
for growth implying that the educational investments were not appropriate and hence,
nor the growth enhancing during the 1990-2010 period. In addition, the estimation
results indicate that the real investment and government consumption are significant
growth determinants where the latter has a negative impact implying the inefficient
spending of respective governments, and that the convergence is taking place in CEE
countries. Thus, in order to obtain even more significant growth effects of education
in CEE countries, policy decision should be directed towards investing a sufficiently
large lump-sum amounts at fixed time intervals since the positive return on education
can be detected in long-term horizons, and achieved only if the level of educational
stock is appropriate. In particular, apart from investing at lower levels of that should
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be maintained by certain amount of investments as they represent a prerequisite for
higher education, governments should dedicate more resources to the higher
education as its growth effects were found to be more significant for subsequent
economic growth.
The growth effects of education in Balkan countries were found to be almost
irrelevant and, on average, less significant than those of the CEE region as a whole.
However, the educational investment was found to be more important growth
determinant than the corresponding stock. With that respect, we recommend gradual
increasing of educational investments since the current educational stock in Balkan
countries is still not at the growth enhancing level. More importantly, in order to
stimulate the growth returns to education in Balkan countries, the policy decisions
should be primarily related to identification of weaknesses of educational institutions
and governance (to strengthen the returns to overall education), and to analysis of
requirements of the corresponding labour market and production structure of
respective economies (to decide in which educational level the most resources should
be allocated).
The discrepancy between the theoretical and empirical findings on the growth effects
of education implies that a good educational system and appropriate stock of human
capital are prerequisites for the educational growth effects to be significant and
positive. Moreover, the labor demand and supply matching, policies that protect the
domestic industry from foreign competition, and instability of macroeconomic
institutions can alter the effectiveness of channels through which educational stock
can stimulate the growth. Accordingly, we suggest that policy makers for CEE and
Balkan countries should not loose incentives to invest in education since this link
appeared to be not direct and straightforward as the theory assumes. Thus, the policy
decisions should be primarily related to the proper identification of the quality of
educational governance, problem of mismatch on labor market, and better utilization
of human capital. Moreover, the overall institutional dimension should be stable in
order to create a beneficial environment for efficient utilization of education.
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The present study attempted to shed some light on the growth effects of education in
CEE and Balkan countries. In order to get more deep and clear insight into this issue,
we suggest a few extensions of the current work. Firstly, we suggest extending the
time dimension of dataset that would allow the model estimation on the lowerfrequency data (e.g. 10-year basis) and hence, it would make it easier to assess the
long-term growth effects of education. Accordingly, we recommend extending the
dataset for both CEE and Balkan countries to obtain more precise estimates.
Secondly, we propose estimation of the similar model with measures that combine
quantitative and qualitative dimensions of education, measures that incorporate the
health indices into the human capital proxy, and accordingly we propose addressing
the endogeneity of education with different kinds of available instruments. Thirdly,
we argue that current growth accounting regressions could be modified by including
the political and institutional indicators, and any other variable that can possibly
create omitted variable bias problem. Finally, we propose similar analysis on micro
level to get more detailed and concrete indicators for the respective countries’
growth. The data availability, especially those for Balkan countries, constrained the
present study to account for these possible extensions.
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APPENDIX 1
Table A3.2.1: Empirical findings from the literature review, cross-sectional
estimations
Author(s)

Time
Span

Countries
in the
sample

Estimat
ion
Method

Proxy for
education

Estimated
growth effect
of education

Barro (1991)

1960-1980

98 countries

OLS

1960 primary and
secondary school
enrollment rates

0.02, 0.03
significant

1950 enrollment rates

not significant

1960 primary
enrollment rates

0.003
significant

1960 secondary and
both 1970 enrollment
rates

not significant

1970-1985

Bils and
Klenow
(2000)

1960-1990

85 countries

OLS

New measure of total
enrolment rates in
1960

0.3 significant

Mankiw,
Romer and
Weil (1992)

1960-1985

195: 22
OECD , 75
INTER, 98
NONOIL

OLS

% of working-age
population that is in
secondary school

0.66-0.76
significant

Freire-Seren
(1999)

1960-1990

81: 22
OECD, 72
NONOIL ,
65 INTER

OLS

Average years of
schooling of
population older than
25

0.04-0.15
significant

IV

0.06 significant

Islam (1995)

1960-1985

155: 72
NONOIL,
67 INTER,
22 OECD

LSDV

Average schooling
years in total
population older than
25

mostly not
significant

Benhabib
and Spiegel
(1994)

1965-1985

78:
developed,
developing
and LDCs

OLS

Change in average
schooling years

negative and
insignificant

Average schooling
years in level

0.233
significant

1960-1985

78

Engelbrecht
(2003)

1965-1985

78:
developed,
developing
and LDCs

TLS

Change in average
schooling years

mostly
insignificant

Temple
(1999)

1965-1985

64:
developed,
developing
and LDCs

TLS

Change in average
schooling years

0.111-0.165
significant

Papageorgio
u (2003)

1960-1987

80: high,
middle and
low income
countries

OLS

Average primary
schooling years of
labor force

mostly negative
and
insignificant

Izushi and
Huggins
(2004)

1992-2000

15: EU
countries

OLS

Number of students
in tertiary and
secondary education
as % of working-age
population

not significant

Average schooling
years of labor force

positive and
significant

Primary, secondary
and tertiary
completion rate as %
of labor force in 1970

0.409 signif

Petrakis and
Stamatakis
(2001)

1977-1994

Lau et al.
(1992)

1970-1980

advanced
(8),
developed
(8) and less
developed
(8)

WLS

Individual
Brazillian
States

OLS

Source: Author
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Average schooling
years of labor force

0.315significant
negative,
insignificant
0.21 significant

Table A3.2.2: Empirical findings from the literature review, panel estimations
Author(s)

Time
Span

Countries
in the
sample

Estimatio
n Method

Proxy for education

Estimated
growth
effect of
education

Barro
(1996)

1960-1990

100
countries

3SLS

Average schooling years
for males older than 25 at
secondary and higher level
at the beginning of each
period

0.012
significant

Barro
(2003)

1965-1995

87 countries

3SLS

0.003
significant

Barro
(2013)

1960-1995

100
countries

3SLS

0.004
significant

FreireSeren
(1999)

1960-1990

81: 22
OECD, 72
NONOIL ,
65 INTER

OLS

Average schooling years
of population older than
25

IV

Lim and
AdamsKhane
(2008)

Cohen and
Soto
(2007)

1960-2000

1960-2000

103: OECD,
MENA,
Middleast,
Asia,
Eastern
Europe,
Africa

73: MENA,
SSA, Latin
America,
EAP, South
Asia, EECA,
HI

0.04-0.15
significant

0.06
significant

Least
Squares, IV,
FEM

Average schooling years
of population older than
15

0.018(LS),
0.031(IV),
0.004(FEM)
significant

FEM,
System
GMM

Gross enrolment rate at
secondary level

0.003
(FEM),
0.008-0.016
(GMM)
significant

FEM

New measure of average
schooling years

0.221
significant

System
GMM
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0.126
significant

Lau et al.
(1990)

Podrecca
and
Carmeci
(2004)

1965-1985

1960-1990

58
developing
countries

81:
developed
and LDCs

OLS

GMM

Number of primary
schooling years as % of
working-age population

0.008
(significant)

Number of secondary
schooling years as % of
working-age population

0.023
(significant)

Number of primary and
secondary schooling years
as % of working age
population

0.016
(significant)

Average schooling years
of working-age population
in level, first lag

0.035
(negative,
significant)

Change of average
schooling years of
working-age population,
first lag

0.001 not
significant

Gylfason
and Zoega
(2002)

1965-1998

87: Africa,
Asia,
Central and
South
America

SUR=OLS
(same
results)

Gross secondary school
enrollment

0.83
marginally
insignifican
t

Krueger
and
Lindahl
(2001)

1960-1985

34 countries
at all
incomelevel
s

OLS and IV

Initial level of average
schooling years of people
older than 25

positive and
significant
(OLS),
negative
and
significant
(IV)

Change in average
schooling years of
population older than 25

positive and
significant
with both
OLS and IV

Change in average
schooling years

0.001
|(OLS)
insignifican
t

Zaman
(2010)

1980-2005

100: OECD
(25) and
developing
countries
(75)

OLS, IV

0.498 (IV)
significant
Average schooling years
in level

0.008
(OLS)
(significant)
0.006 (IV)
(significant)
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Cook
(2002)

1960-1990

OECD and
Developing
countries

OLS

Average schooling years
population older than 15

0-0.59
(significant,
OLS),
0.126-0.54
(significant,
IV)

Simoes
(2011)

1961-2000

23: OECD

PMG

Average primary,
secondary and tertiary
schooling years of
population older than 25

-0.064,
0.424, 0.19
significant

Schall
(2007)

1970-1990

21: OECD

OLS

Average schooling years

0.48-0.92
(significant)

Tiruneh
and
Radvansk
y (2009)

1995-2009

European
Union

REM

Secondary school
enrollment

0.036
(significant)

Labor force with primary,
secondary and tertiary
education as % of total
labor force

0.019,
0.0161,
0.0079
(significant)

Investment in R&D as %
of GDP

0.0081
(significant)

Number of persons who
have completed tertiary
education

insignifican
t

Number of persons who
have completed primary
and secondary education
separately

significant
but close to
0

Growth rate of average
schooling years

0.0037
significant

Average schooling years
in initial time period

0.220-0.258
significant

Banerjee
(2012)

1980-2007

55 countries

REM

Source: Author
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APPENDIX 2
Short review on effects of 1990-2010 transition in Balkan countries

Given the specific historical circumstances that were shaping the development of
Balkan Peninsula throughout the centuries, there can be still seen the consequences of
the half-done past from the psychologically-ethical, socio-economic and political
point of view. So it has been shown that undoubted development of that area in
culturally-educational uprising during the second half of 20th century did not clearly
extrude from the conscience of its people and countries the habit to relatively easily
strive towards others’ good, that is, to impose its hegemonies to others. The shortage
of democracy is the reason why i.e. Yugoslavian Federation, as opposed to CzechoSlovakia or Soviet Union, a quarter of a century ago did not repay its debts in a
peaceful way, but did it in a war (1991-1994) whit balance of more than 400,000
killed, over 3 million displaced people (IDPs), barbarian destruction of cities, and
cultural and historical monuments, and more than 150 billion US $ of war damage
(Nasa Borba, 1996).
As opposed to CEE countries as a whole, given the above mentioned historical terms
of their development, the listed Balkan countries have in common that during the
1990-2010 were substantially less democratic. That is the reason why the transition
from socialism into a civil society, that has been taking place exactly during this
period, was passing in the sign of the large modifications and contradictions. Namely,
in Romania it started by the violence where the president of Ceausescu and his wife
were killed. Next, in Albania and Bulgaria internal protests lasted very long and at the
expense of the huge economic and other losses. Basically, the economic growth and
development were neglected because of the political issues. Slovenia was obliged to
defend the right for its independence by some military operations, which was as well
followed by losing the economic growth rate and by investing the majority of its
resources into creation of it own army. During the 1991-1994, Croatia and Serbia
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were, more-less in disguised forms, practically in war between themselves, which
disturbed their economic development and forced them to adjust many other social
needs and processes to the military plans and projects.
These circumstances resulted in at least 3 things. Firstly, the social concern towards
the educational sector became smaller compared to the normal conditions which
resulted in much lower investments into education. With regards to that, the
education could not be much useful for any social domain in the countries, and hence
nor for the economic growth. Secondly, the educational process got elements of
national, religious, and psychologically-ethical character, which in return retarded the
path of economic growth. Thirdly, even in the cases where education formally
seemed as if is enhancing the channels through which it should contribute to growth,
its real effects were substantially smaller or even impedimental due to mentioned
political and other circumstances. This can be proven by the fact that except Slovenia,
all Balkan countries are at the bottom of European social, economic and other
development indices or at least very close to it.
In line with our arguments, Loeining, Rao and Singh (2010) argued that the political
events in the Guatemala’s history during last decades are most probably the cause of
current political and institutional instability that author found to be crucial for
efficient utilization of human capital. Namely, in order to sustain the long run growth,
authors recommend inequality reduction, and democratic institutions and human
capital base strengthening which were destroyed in civil wars. Author also point out
that the civil war and unfavorable investment opportunities resulting from poor
governance and political stability had destructive effect on physical capital, which
together with downgraded quality of labor hampered the growth during the last
decades. Moreover, author argues that such deteoriated physical capital efficiency
reduced returns to schooling, especially that on the primary level. Authors thus
recommend improvement of investment opportunities and reduction of trade
distortions in order to stimulate both domestic and foreign capital investments which
were assumed to be complementary factors to educational policies.
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APPENDIX 3
Table A7.1.2: Baseline model: for population older than 25
Regressions

(1)

(2)

(4)

(5)

(6)

(7)

constant

0.435

0.511

0.545

0.671*

0.998***

1.151***

(0.405)

(0.312)

(0.380)

(0.384)

(0.302)

(0.313)

-0.123***

-0.117***

-0.115***

-0.103***

-0.112***

-0.114***

(0.014)

(0.015)

(0.012)

(0.017)

(0.016)

(0.016)

-0.006

-0.022

-0.023

-0.056

-0.056

-0.065

(0.078)

(0.063)

(0.083)

(0.071)

(0.065)

(0.066)

0.0504***

0.048***

0.039***

0.060***

0.035**

0.048***

(0.010)

(0.015)

(0.010)

(0.018)

(0.017)

(0.016)

-0.116***

-0.145***

-0.120***

-0.181***

-0.162***

-0.167***

(0.032)

(0.029)

(0.024)

(0.032)

(0.029)

(0.030)

0.385***

0.291***

(0.102)

(0.070)

0.268*

0.184*

(0.140)

(0.107)

GDP

POPG

Inv/GDP

Gov/GDP

Educ25

Educ15-19

-0.052**
(0.025)

PrimEduc25

SecEduc25

0.108***

0.098***

(0.038)

(0.028)

0.026

0.096***

(0.032)

(0.031)

TetEduc25

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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Table A7.1.3: Baseline model re-estimation with completion rates: for
population older than 25
Regressions

(4)

(5)

(6)

(7)

constant

0.634***

1.116***

0.718***

0.846***

(0.391)

(0.324)

(0.338)

(0.313)

-0.112***

-0.114***

-0.105***

-0.112***

(0.015)

(0.017)

(0.017)

(0.016)

-0.062

-0.065

-0.067

-0.067

(0.084)

(0.068)

(0.068)

(0.066)

0.045***

0.056***

0.0502***

0.048***

(0.011)

(0.017)

(0.017)

(0.016)

-0.142***

-0.185***

-0.163***

-0.169***

(0.029)

(0.029)

(0.032)

(0.029)

-0.0003

-0.012**

(0.005)

(0.005)

GDP

POPG

Inv/GDP

Gov/GDP

PrimCom25

SecCom25

TertCom25

0.0591

0.073**

(0.046)

(0.028)

0.082**

0.094***

(0.038)

(0.030)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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Table A7.2.2: Are Balkan countries different? For population older than 25
Regressions

(1)

(2)

(4)

(5)

(6)

(7)

constant

0.223

0.400

0.061

0.740**

0.996***

0.976***

(0.347)

(0.339)

(0.350)

(0.311)

(0.304)

(0.353)

GDP

-0.124***

-0.116***

-0.122***

-0.113***

-0.114***

-0.113***

(0.012)

(0.016)

(0.013)

(0.014)

(0.016)

(0.016)

-0.006

-0.021

0.068

0.019

-0.053

-0.062

(0.078)

(0.063)

(0.087)

(0.060)

(0.065)

(0.066)

0.039***

0.042**

0.049***

0.057***

0.040**

0.040***

(0.007)

(0.017)

(0.012)

(0.014)

(0.018)

(0.018)

-0.102***

-0.137***

-0.133***

-0.167***

-0.160***

-0.156***

(0.028)

(0.030)

(0.021)

(0.026)

(0.029)

(0.031)

Educ25

0.430***

0.281***

(0.090)

(0.071)

Educ15-19

-0.092***

0.708***

0.621***

(0.072)

(0.126)

POPG

Inv/GDP

Gov/GDP

(0.024)
EducB25

Educ15-19

0.139

0.151

(0.139)

(0.177)

0.105***
(0.028)

PrimEduc25

SecEduc25

TertEduc25

PrimEducB25

SecEducB25

TertEducB25

0.067

0.122***

(0.042)

(0.041)

-0.039

0.092***

(0.024)

(0.031)

-1.448***

-0.798***

(0.289)

(0.166)

-0.298**

-0.042

(0.122)

(0.050)

1.371***

0.107

(0.396)

(0.188)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl

87

Table A7.2.3: Are Balkan countries different? Re-estimation of model with
completion rates: for population older than 25

Regressions

(4)

(5)

(6)

(7)

constant

1.001***

1.289***

0.712**

0.875***

(0.358)

(0.330)

(0.341)

(0.320)

-0.126***

-0.121***

-0.105***

-0.113***

(0.015)

(0.017)

(0.017)

(0.017)

-0.028

-0.049

-0.067

-0.064

(0.077)

(0.067)

(0.068)

(0.067)

0.031**

0.049***

0.044**

0.049***

(0.014)

(0.017)

(0.020)

(0.016)

-0.151***

-0.184***

-0.162***

-0.171***

(0.024)

(0.029)

(0.032)

(0.030)

0.0002

-0.011**

(0.006)

(0.005)

GDP

POPG

Inv/GDP

Gov/GDP

PrimCom25

SecCom25

0.045

0.065**

(0.059)

(0.032)

TertCom15

0.109**

0.102***

(0.044)

(0.034)

PrimComB25

SecComB25

TertComB25

-0.053***

-0.043*

(0.015)

(0.024)

0.055

0.037

(0.075)

(0.063)

-0.155***

-0.033

(0.047)

(0.061)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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Table A7.3.1: Baseline model: addressing the endogeneity
Regressors

(1)

(2)

(3)

(4)

(5)

(6)

(7)

constant

0.533

0.663**

0.999***

1.273***

0.827***

1.070***

1.451***

(0.377)

(0.325)

(0.350)

(0.408)

(0.427)

(0.303)

(0.294)

-0.144***

-0.127***

-0.103***

-0.145***

-0.108***

-0.123***

-0.144***

(0.015)

(0.017)

(0.018)

(0.013)

(0.018)

(0.017)

(0.017)

0.008

-0.022

-0.075

-0.011

-0.059

-0.040

-0.025

(0.066)

(0.066)

(0.074)

(0.064)

(0.072)

(0.065)

(0.059)

Inv/GDP

0.057***

0.046***

0.054***

0.041***

0.055***

0.040**

0.046***

(0.012)

(0.016)

(0.019)

(0.011)

(0.017)

(0.016)

(0.015)

Gov/GDP

-0.099***

-0.148***

-0.202***

-0.098***

-0.180

-0.141

-0.121

(0.036)

(0.030)

(0.031)

(0.032)

(0.032)

(0.032)

(0.029)

0.493***

0.273***

(0.116)

(0.077)

0.082

0.122

(0.129)

(0.139)

GDP

POPG

Educ15

Educ15-19

-0.135***

0.005

(0.034)

(0.039)

PrimEduc15

SecEduc15

0.058

0.116***

(0.044)

(0.034)

TertEduc15

0.106**

0.139***

(0.040)

(0.029)

u_Educ15

u_Educ15-19

-0.256**

-0.178

(0.092)

(0.113)

0.080**

0.001

(0.028)

(0.039)

u_PrimEduc15

-0.218

-0.347*

(0.151)

(0.200)

u_SecEduc15

0.002

u_TertEduc15

-0.055*

-0.069**

(0.030)

(0.026)

(0.038)

-0.039
(0.043)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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Table A7.3.2: Are Balkan countries different? Addressing the endogeneity
Regressors

(1)

(2)

(3)

(4)

(5)

(6)

(7)

constant

0.292

0.565*

0.981***

1.298***

0.817**

1.07***

1.508***

(0.326)

(0.346)

(0.352)

(0.440)

(0.404)

(0.306)

(0.292)

GDP

-0.146***

-0.127***

-0.103***

-0.142***

-0.112***

-0.124***

-0.145***

(0.012)

(0.017)

(0.018)

(0.013)

(0.017)

(0.017)

(0.017)

0.007

-0.022

-0.078

-0.007

-0.018

-0.04

-0.024

(0.070)

(0.066)

(0.074)

(0.069)

(0.070)

(0.066)

(0.059)

0.041***

0.039**

0.051**

0.036***

0.051***

0.041**

0.048***

(0.010)

(0.018)

(0.020)

(0.010)

(0.016)

(0.018)

(0.014)

-0.083**

-0.141***

-0.203***

-0.107***

-0.176***

-0.141***

-0.125***

(0.035)

(0.031)

(0.032)

(0.031)

(0.031)

(0.032)

(0.029)

Educ15

0.521***

0.259***

(0.103)

(0.079)

Educ15-19

-0.169***

-0.0004

(0.033)

(0.040)

0.111

0.463**

(0.159)

(0.194)

POPG

Inv/GDP

Gov/GDP

EducB15

EducB15-19

0.264*

0.157

(0.155)

(0.187)

0.068**

0.041

(0.029)

(0.054)

PrimEduc15

SecEduc15

0.035

0.120***

(0.053)

(0.041)

TertEduc15

0.129***

0.156***

(0.045)

(0.032)

PrimEducB15

SecEducB15

TertEducB15

u_Educ15

u_Educ15-19

-0.277**

-0.187

(0.100)

(0.113)

0.086*

-0.009

(0.029)

(0.041)

u_PrimEduc15

u_SecEduc15
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-0.107

-0.629**

(0.251)

(0.263)

0.065

-0.009

(0.059)

(0.054)

-0.089*

-0.048

(0.054)

(0.038)

-0.222

-0.396**

(0.149)

(0.191)

0.006

-0.037

(0.040)

(0.045)

u_TertEduc15

-0.043*

-0.060***

(0.025)

(0.027)

Note: Standard errors are shown in parentheses; *,** and *** represents significance at 90,95 and 99 level of
confidence, respectively; Source: The author’s estimations in Gretl
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