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DOES FORMAL EDUCATION AT ALL LEVELS

CAUSE ECONOMIC GROWTRH?
EVIDENCE FROM GREECE

Panagiotis PEGKAS”, Constantinos TSAMADIAS™

Abstract: This study empirically investigates the link between the levels of
formal education and economic growth in Greece during the period 1960-
2009. The paper applies the Lucas approach (1988) and employs
cointegration, error-correction models and estimates the effect of each
educational level on economic growth. The empirical analysis reveals that
there is a long-run relation between educational levels and gross domestic
product. The overall results show that secondary and higher education has
had a statistically significant positive impact on growth, while primary has
not contributed to economic growth. The findings also suggest that there is
evidence of unidirectional long-run causality running from primary
education to growth, bidirectional long-run causality between secondary and
growth, long-run and short-run causality running from higher education to
economic growth.

Keywords: formal education levels; human capital; enrolment rates;

economic growth;, VAR, Greece
JEL classification: O40; O41; O47; 121, 125

1 INTRODUCTION

Since 1960, the interaction between education and economic growth has
been investigated with micro-approaches (Psacharopoulos 1995; Bouaissa 2009)
and macro-approaches (Pereira and Aubyn 2009; Odit, Dookhan, and Fauzel
2010). Existing economic literature accepts education as one of the primary
components of human capital. Human capital refers to the stock of competences,
knowledge and personality attributes embodied in the ability to perform labor so as
to produce economic value (Bashir, Igbal and Zaman 2011). According to macro-
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** Constantinos TSAMADIAS, Professor, Department of Home Economics and Ecology, School of
Environment, Geography and Applied Economics, Harokopio University, Athens, Greece



12

Panagiotis PEGKAS, Constantinos TSAMADIAS

economic literature the two main approaches are: the augmented Solow neo-
classical approach and the “new or endogenous growth theories” (Sianesi and Van
Reenen 2003). The augmented neo-classical model [Mankiw, Romer and Weil
(1992), (hereafter M-R-W (1992))] simply extends the basic Solow’s (1956) model
with education/human capital as an additional production factor. On the other hand,
endogenous growth models distinguish between those which directly relate
education/human capital with economic growth (Lucas 1988) and others
introduced by Romer (1990), Grossman and Helpman (1991) and Aghion and
Howitt (1992), who have emphasized the key role of R&D efforts and innovations
in driving technical progress, productivity and economic growth. Various studies
have focused on that topic (Arnold 2002; Strulik 2005; Bucci 2008, etc). While
education has no role in traditional neo-classical theories of economic growth,
these new approaches have explicitly brought the role of education to the fore. A
key difference between new growth theory and the neoclassical growth theory
involves the distinction between increasing and decreasing returns to scale. The
basic underlying assumption of neoclassical theory is that diminishing returns to
capital operates in the production process, while endogenous theory supports the
assumption that the production function does not exhibit diminishing but increasing
returns to scale. While there is a large amount of evidence on the link between
education and economic growth, the effect of formal education levels on economic
growth with macro-economic approaches has been studied in the last two decades.
The fact that different levels of formal education may have different effects on
growth has been addressed in a small set of recent papers.

The period 1960-2009 was particularly important for Greece. In that
period, three major events took place influencing the economy and education. a.
The association-for-entry agreement with the European Economic Community
(EEC). Commencement of negotiations started in September 1959 and the
validity of agreement connection finished in November 1962. b. The accession to
the EEC. The induction agreement came into force in January, 1981. Greece, as
an EEC member participated in all stages of European integration, including the
single European Act and the signing of the Maastricht Treaty. c¢. The accession to
the European Monetary Union (EMU) and the adoption of the new Eurocurrency
(1 January, 2001). During this period, a number of structural and functional
reforms and adjustments, in both economy and education had been implemented
with varying success. Economic activities have moved from primary to
secondary and especially to tertiary sector of the economy. Also, in this period an
educational expansion took place in Greece, especially in secondary and mainly
in higher education.
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The purpose of this study is to empirically investigate the causal relationship
between the levels of formal education and economic growth. Moreover, it
estimates the effect of each level of formal education on economic growth in
Greece over the transition period 1960-2009. The study uses the time series
analysis, the endogenous approach of Lucas (1988) and the enrollment rates as a
proxy of human capital. Additionally, it examines the consistency of findings of
empirical analysis with the findings of the study of Pegkas (2014), who
investigated the relation between the levels of formal education and economic
growth in Greece for the same period by using the neoclassical approach of M-R-
W (1992). The results may improve the decisions of policymakers about education
and its contribution to economic growth.

The rest of the paper is organized as follows: Section 2 provides a brief
review of empirical literature; Section 3 discusses the methodology, presents
sources and data and reports the empirical results based on econometric analysis,
Section 4 discusses the results. Finally, section 5 summarizes the main findings and
conclusions of the study.

2 REVIEW OF EMPIRICAL LITERATURE

The existing empirical literature initially investigates the interaction between
education in terms of quantity or quality and economic growth as well as the effect
of education on economic growth. Various studies have used different variables as
proxies of human capital (Tsamadias and Pegkas 2012). The main studies that have
investigated the impact of the educational levels on economic growth are presented
below: Liu and Armer (1993) found that both primary and junior-high achievement
variables enhance economic growth in Taiwan, but senior-high and college
education did not exert any significant effects on growth. Tallman and Wang
(1994) showed that higher education has a greater positive impact on growth in
relation to primary and secondary education for the case of Taiwan. Mingat and
Tan (1996) for a sample of 113 countries found that higher education has a positive
statistically significant impact only in the group of developed countries, while the
primary has a positive effect in less developed and the secondary a positive effect
in developing. Gemmell (1996) for OECD countries concluded that primary
education most affects the less developed countries, while secondary and higher
education the developed. Mc Mahon (1998) investigated the effect of the three
levels of education on economic growth for a sample of Asian countries and
concluded that primary and secondary level have a significantly positive effect on
economic growth, while higher is negative. Abbas (2001) for the countries of
Pakistan and Sri Lanka showed that the primary has a negative effect on economic

13
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growth, while secondary and higher education have a positive and statistically
significant impact on economic growth in both countries. Petrakis kot Stamatakis
(2002) found that the growth effects of education depend on the level of
development; low-income countries benefit from primary and secondary education
while high-income developed countries benefit from higher education. Self and
Grabowski (2004) for the case of India showed that except higher education the
primary and secondary education had a strong causal impact on economic growth.
Villa (2005) investigated the effect of the three levels of education on economic
growth for Italy and found that the higher and secondary education has a positive
effect on economic growth, while the primary has no significant effect. Gyimah-
Brempong, Paddison, and Mitiku (2006) found that all levels of education have a
positive and statistically significant impact on the growth of per-capita income in
African countries. Lin (2006) for the case of Taiwan found that primary, secondary
and tertiary have a positive impact on economic growth. Chi (2008) showed that in
China higher education has a positive and larger impact on GDP growth than
primary and secondary education. Pereira and Aubyn (2009) showed that in
Portugal primary and secondary education has a positive impact on GDP, while
higher has a small negative effect. Loening, Bhaskara, and Singh (2010) for the
case of Guatemala found that primary education is more important than secondary
and tertiary education. Shaihani et al. (2011) for Malaysia concluded that in the
short run only secondary education has a positive and statistically significant
coefficient, while the primary and tertiary exhibit negative and statistically
significant results. Unlike in the long run only higher has a positive and statistically
significant effect.

In case of Greece, a few studies have investigated the impact of education on
economic growth. Magoula and Prodromidis (1999) showed that in Greece the
relative contribution of secondary and higher education to growth in relation to the
contribution of primary education has risen: from the 1960’s to the 1980’s. Asteriou
and Agiomirgianakis (2001) showed that the growth of enrolment rates in primary,
secondary and higher education positively affected the GDP in Greece for the period
1960-1994. Tsamadias and Prontzas (2012) used the M-R-W (1992) model and
found that economic growth had been positively affected by enrolment rates in
secondary education for the period 1960-2000. Tsamadias and Pegkas (2014) used
the M-R-W (1992) model and found that economic growth had been positively
affected by enrolment rates in higher education for the period 1960-2009. Pegkas
(2014) used the M-R-W (1992) model and found that the enrolment rates in
secondary and higher education have a positive and statistically significant impact on
the growth while the primary had a negative one for the period 1960-2009.
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3 EMPIRICAL ANALYSIS

This section presents the methodology, the data and sources and the
econometric analysis (stationarity properties of the data, cointegration tests, vector
error correction models and causality, the generalized impulse response functions
and the generalized variance decomposition analysis).

3.1 Methodology and Model

The empirical analysis of this paper uses the methodology of new growth
(endogenous) theory. Lucas model (1988) assumes that there are two production
sectors, both perfectly competitive: One goods sector (equation 1) and one education
(human capital) sector (equation 2). Both productions functions have constant return
to scale. The production function in the goods sector is given below:

Y = A(Kt )a (uht )l—a (1

Assuming no externalities and a zero depreciation rate of human capital, the
creation of human capital is determined by the following linear function:

Aht = B(l o ut) (2)

Equations (1) and (2) are the final expressions for the production functions
in the two sectors. Y. represents the total quantity of the final good produced at
time t, A represents the constant technological level in the goods sector of this
economy, while k; and uh; denote the aggregate quantities of factors used in the
production process, again at time t (respectively physical and human capital).
Parameter a is the elasticity of output with respect to physical capital (strictly
comprised between zero and one). Human capital (h;) consists only of educated
individuals, for the entire economy and A represents the growth rate. A fraction u;
of human capital (0<u<1) of non-leisure time devoted to goods production is used
at time t, while its complement to one (1-uy) is the proportion of time devoted to
production of new human capital.

The proxy of human capital is a key issue in the empirical growth model, as
it would improve the performance of the growth model. Many researchers tried to
approach human capital using proxies, as flow or as stock. The proxy of human
capital that was used in this study is the gross enrollment rates (flow) for the three
educational levels (primary, secondary and higher). Also this kind of proxy (flow)
has been used from other empirical studies, which have employed the model of
Lucas (1988). Specifically, Asteriou and Agiomigrianakis (2001) have used the
enrolment rates for the case of Greece, Gong, Greiner and Semmler (2004) have
used the public expenditures for education for the case of USA and Germany and
Haldar and Mallik (2010) have used the public expenditures for education and

15
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primary enrolment rates for the case of India. An elementary formula used by most
countries to calculate the gross enrollment ratio is that, the country divides the
number of individuals who are actually enrolled in schools by the number of
children who are of the corresponding school enrollment age. In Greece, gross
primary, secondary and higher school enrollment ratio considers children between
the age of 6 — 11, 12 — 17 and 18-23 respectively. The measure of this variable is
achieved by using the following function (World Bank 2012):

GHER = £ *100 3)
Pt

where GHER' =Gross Enrolment Ratio in school year t for each educational

level, E'= Enrolment for each level of education in school year t, P’ = Population
in age-group which officially corresponds to each level of education in school year
t. This proxy is reported as quantitative measurement of human capital. The quality
of education cannot be taken into account. Given the availability of the data, it is
not possible to consider wider definition of human capital investment compassing
on-the-job training, experience and learning-by doing, the number of repeaters and
dropouts in each grade and ignoring its depreciation.

The model needs an approximation for the time spent to build up human
capital accumulation, (1-u). In constructing the series for (1-u) is necessary to make
a compromise. It is known that the time devoted to human capital accumulation
includes many years of schooling, training on the job, etc. but only the earned
university degrees are used here as a fraction of the employment. Therefore, we
define (1-u) as follows [see, Gong, Greiner, and Semmler (2004); El-Mattrawy and
Semmler (2006)]:

universitydegrees
l—u, = tydeg * S

4
employees
with s=6 as approximated time (years) at university. The university degrees
include diplomas and doctoral degrees. Equation (4) states that the time spent in
education 1—u; is equal to the number of college graduates at time (t) divided by the
labour force and multiplied by the school years.

3.2 Data and Sources

Data on Gross Domestic Product (GDP) and physical capital investment
series are annual and were taken from the AMECO database. GDP measured at
2005 constant prices and investments is the gross capital formation at 2005
constant prices for the total economy. Data for constructing human capital proxy
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were taken from the Hellenic Statistical Authority (HSA) database. All variables
are expressed in logarithmic form.

250 120
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Figure 1: GDP (2005 as base year) and Primary, Secondary and Higher
enrolment rates (1960-2009)

Source: AMECO database and Hellenic Statistical Authority (EL.STAT.)

During the period 1960-2009 Greek GDP indicates a significant increase as
well as a radical increase in the share of secondary and higher education. The
primary education is represented by a very small (almost stable), negative slope
over the whole period (Figure 1).

3.3 Estimation of the human capital sector

If the assumption of constant returns in the second sector holds, the marginal
effect of (1-u) on the growth of human capital equals B (Monteils 2004). If B is
positive and statistically significant (increasing scale returns) then increasing stock of
human capital is the engine of long run growth (endogenous growth). In the opposite
direction if B is negative or statistically insignificant there must be decreasing scale
returns (no endogenous growth). By using the OLS method the results of the
estimated equation (2) for each educational level are given below on the table 1. The
regressions were estimated consistently as for the existence of the Serial Correlation
and the Heteroskedasticity, by using the Newey-West (1987) estimator.
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Table 1: Returns to Scale results

Aht 1-u
Primary 0.00003
(0.630)
Secondary -0.006
(-4.036)***
Higher -0.017
(-3.818)***

Note: The t-statistics are presented in parentheses. The asterisks indicate significance at the 1% level.

The results show that the link between the time devoted to education (or the
duration of training) and growth of human capital is negative. The coefficient of 1-u
yields negative and statistical significant results at 1% level for the cases of
secondary and higher education and statistical insignificant results for the primary
education. The human capital grows in such a decreasing rate, so the endogenous
character of the economic growth suggested by Lucas is not verified. Consequently,
all findings point to the conclusion that human capital is a factor like the others to the
production function and it does not break the law of diminishing returns. So, the
application of this model would be accompanied by similar predictions as the
neoclassical growth model introduced by Solow (1956) and Mankiw, Romer, and
Weil (1992). Potential explanations for these results may be the following:

a) Lucas model may not be compatible with the time series analysis, b) our
approach of the variable 1-u may be biased as to the measurement used method, c)
the assumption of linear relationship between growth rate of human capital and the
time devoted to learning may be incorrect, d) the short period of the time series data.

3.4 Estimation of the production sector

This section focuses on the effect of primary, secondary, higher education and
investments in physical capital on economic growth by using a VAR methodology.
We estimate three different VAR models. Each model includes the variables of
economic growth, investments and one of the three educational levels. Using
education data by levels may be preferable for a number of reasons. In particular, the
growth impact of different forms of educational levels may vary. Also, including
primary, secondary and higher education into the same equation is a procedure which
may provide invalid results due to strong multicollinearity between the variables
(Loening, Rao, and Singh, 2010). First, the order of integration is checked and then
cointegration tests are used in order to check the existence of long run relationship
between variables. Second, the causality tests based on vector error correction
approach were applied and third, in order to investigate the dynamic relationships
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between the variables of the models the impulse response functions and variance
decomposition are plotted and calculated respectively.

Stationarity test

Initially, the stationarity of the variables GDP, physical capital investments
and education is checked. The stationarity of the data set is examined using
Augmented Dickey-Fuller (ADF) (1981), Phillip-Perron (PP) (1988) and Perron
(1997) structural break tests. We test for the presence of unit roots and identify the
order of integration for each variable in levels and first differences. The variables are
specified including intercept and including intercept and trend. The optimal lag
length of the ADF regressions is determined by Schwarz criterion (1978). The PP
statistics are obtained by the Bartlett Kernel and the automatic bandwidth parameter
approach as suggested by Newey and West (1994). For the Perron structural break
test, the maximum lag length is specified by the user to be equal to 4. For the ADF,
PP tests the null hypothesis is non-stationary and for the Perron test is non-stationary
with a structural break. Unit root test results are given in Table 2.

Table 2: Results of unit root tests

Variables ADF test PP test Perron test
(in levels With With With With With With
& first intercept in intercept interceptin intercept intercept in intercept
differences) ¢quation andtrend  equation and trend equation and trend
in equation in equation in equation
q -4.695%** -2.310 -3.886%** -2.879 -3.526 -3.566
t
Aq -4, T49*** -4 848 *H* -5.572%%* -5.443%%* -7.484 %% -7.445%%%
t
k -3.604*** -3.042 -3.605%** -3.040 -3.840 -3.265
Ak, -6.350%%* -6.366*** -6.605%%* -6.591%%* -7.989%*** -7.804%**
-1.375 -1.318 -3.013 -2.959 -3.763 -4.130
uhl:
-8.267%** -8.267*** -8.173%%* -8.173%%* -8.585%** -8.748***
Auhl
-4.991 *** -5.281%** -1.991 -1.933 -2.382 -3.354
uh2;
-5.017%%* -5.149%*x* -6.625%** -6.625%** -7.7786%** -7.686%**
Auh2;
-2.279 -2.401 -2.610 -3.796** -4.050 -4.179
uh3;
-3.515%* -3.496** -3.736%** -3.725%* -4.818 -4.772
Auh3;

Note: *** ** indicates the rejection of the null hypothesis of non stationarity (ADF) and (PP) at 1%
and 5% level of significance respectively. For ADF and PP tests MacKinnon (1996) critical
values have been used for rejection of hypothesis of a unit root. For structural break test
critical values are those reported in Perron (1989).
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The results in Table 2 showed that for all the tests the null hypothesis couldn’t be
rejected at 5% for every variable in their level. The null hypothesis could be rejected at
5% for all variables in their first differences. So the variables from combination of the
criteria under study are stationary in their first differences on 5% significant level.

Cointegration test

Stationary tests show that all the variables which are non-stationary in levels
become stationary in first differences. They are in fact integrated of order one. So
there is the possibility that the variables of GDP, physical capital investments and
primary, secondary, higher education are cointegrated. In order to account for
influences on the GDP, two dummy variables are added to the VARs model. The
first dummy variable involves the year 1974, when the international oil crisis took
place and GDP had a significant fall. The second dummy variable involves the year
2001, when Greece became a member of the Euro zone. To determine the lag
length of the VARSs, three versions of the system were initially estimated: a four, a
three and a two-lag version. Then, the Akaike information criterion (AIC) is used
to select the optimal lag length. The cointegration test was conducted by using the
reduced rank procedure developed by Johansen (1988) and Johansen and Juselius
(1990). The Johansen multivariate cointegration approach is used to examine the
long-run relationship between the variables. The estimation procedure assumes
intercept and no trend in the VARs estimations. This cointegration method
recommends two statistics to check the long run relationship: the Trace and
maximum Eigenvalue tests. The results of the cointegration tests are presented in
the tables 3, 4 and 5.

Table 3: Cointegration test: GDP, physical capital investments and primary education

Series: q k uhl

Hypothesized  Eigenvalue Trace 5 Percent  Max-Eigen 5 Percent
No. of CE(s) Statistic Critical Statistic Critical
Value Value
None* 0.887 126.38 35.192 106.90 22.299
At most 1 0.254 19.481 20.261 14.424 15.892
At most 2 0.098 5.0569 9.1645 5.0569 9.1645

Note: 2 r indicates the number of cointegrating relationships. Trace and Maximum Eigen test statistics
are compared with the critical values from Johansen and Juselius (1990). *Trace and Max-
Eigen tests indicate 1 cointegrating equation at the 5% level.

b Lags interval: 0 to 0
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Table 4: Cointegration test: GDP, physical capital investments and secondary education

Series: q k uh2

Hypothesized  Eigenvalue Trace 5 Percent Max-Eigen 5 Percent
No. of CE(s) Statistic Critical Statistic Critical
Value Value
None* 0.9054 134.96 35.192 115.55 22.299
At most 1 0.2479 19.409 20.261 13.965 15.892
At most 2 0.1051 5.443 9.1645 5.443 9.1645

Note: * r indicates the number of cointegrating relationships. Trace and Maximum Eigen test statistics are
compared with the critical values from Johansen and Juselius (1990). *Trace and Max-Eigen tests indicate 1
cointegrating equation at the 5% level.

® Lags interval: 0 to 0

Table 5: Cointegration test: GDP, physical capital investments and higher education
Series: q k uh3

Hypothesized  Eigenvalue Trace 5 Percent Max-Eigen 5 Percent
No. of CE(s) Statistic Critical Statistic Critical
Value Value
None* 0.6184 59.579 35.192 46.252 22.299
At most 1 0.2115 13.326 20.261 11.409 15.892
At most 2 0.0391 1.9170 9.1645 1.9170 9.1645

Note: * r indicates the number of cointegrating relationships. Trace and Maximum Eigen test statistics are
compared with the critical values from Johansen and Juselius (1990). *Trace and Max-Eigen tests indicate 1
cointegrating equation at the 5% level.

® Lags interval:1 to 1

The null hypothesis in the Trace and maximum FEigenvalue tests is that there is no
cointegrating vector. The null hypothesis of one co-integrating vector in the Trace test
could be rejected at 5% and could not be rejected at 5% for more than one co-integrating
vectors, which implies that there is only one cointegrating vector in all the cases. The
finding of one co-integrating vector was further supported by the results of the maximum
Eigenvalue test, in which the null hypothesis that there is no cointegrating vector could
be rejected at 5% only for one co-integrating vector. Thus, the results lead to the
conclusion that the GDP, physical capital investments and each of the three educational
levels are cointegrated and there is a long-run relationship between them. The estimated
cointegration relationships are presented in the following table 6:

Table 6: Long Run Relationships

Levels of Education c k uh

Primary 2.37 0.77 -0.96
(0.15)%* (0.05)%** (0.45)%

Secondary 3.42 0.50 0.52
(0.20)*** (0.05)%** (0.07)%**
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Levels of Education c k uh
Higher 3.05 0.67 0.20
(0.38)% (0.09)*** (0.06)***

Note: The standards errors are presented in parentheses. The asterisks indicate significance at the 1% level.

From the above-estimated equations it can be concluded that in the long run
the coefficients of secondary and higher education are positive and statistically
significant at the one-percent level. The elasticity of GDP with respect to secondary
and higher education is 0.52 and 0.20 respectively. This means that a one percent
increase in secondary and higher education enrolment rates will foster economic
growth by about 0.52 and 0.20 percent respectively. The role of secondary and higher
education level on economic growth seems to be important and significantly explains
economic growth. The elasticity of GDP with respect to primary education is -0.96.
So the primary education has had a negative effect on economic growth. Also, it can
be concluded that in the long run, physical capital investments have a significant
positive effect on economic growth in all the equations.

Error Correction Models

Having verified that the variables are cointegrated, the vector error-correction
model (VECM thereafter) can be applied. The VECM can give the correction term that
reflects influences of the deviation of relation between variables from long-term
equilibrium upon short-term changes. The size and statistical significance of the error-
correction term measures the extent to which each dependent variable has the tendency
to return to its long-run equilibrium. For the VECMs including primary and secondary
education the Akaike information criterion identified no lags for the VECMs with
primary and secondary education and one lag for the VECM with higher education as
optimal lag length. Therefore, it can be concluded that there is not a short run but only
a long run relationship between the variables which included in the VECMs with
primary and secondary education. The vector error-correction models pass all the
standard diagnostic tests for residual serial correlation, normality and
heteroscedasticity. The results® of the vector error-correction models showed that the
first dummy variable has a negative and statistically significant influence on GDP. The
second dummy has no influence on GDP as the coefficient is not statistically
significant, except the VECM with secondary education which is significant positive.

The t statistic on the coefficient of the lagged error-correction term
represents the long-run causal relationship and the F-statistic on the explanatory
variables represents the short-run causal effect (Narayan and Smyth 2006). More
specifically, the Wald-test applied to the joint significance of the sum of the lags of
each explanatory variable and the t-test of the lagged error-correction term will
imply statistically the Granger exogeneity or endogeneity of the dependent
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variable. The non-significance of ECT is referred to as long-run non-causality,
which is equivalent to saying that the variable is weakly exogenous with respect to
long-run parameters. The absence of short-run causality is established from the
non-significance of the sums of the lags of each explanatory variable. Finally, the
non-significance of all the explanatory variables, including the ECT term in the
VECM, indicates the econometric strong-exogeneity of the dependent variable that
1s the absence of Granger-causality (Hondroyiannis and Papapetrou 2002).

Table 7: Causality test for primary education based on VECM

Long-Run Causality

Variables ECT
- 0.138%**
DQ [-11.03]
-0.152%**
DK [-2.96]
0.008
DUHI1 [1.09]

Note: The asterisks of the lagged ECTs are distributed as t-statistics and indicate rejection of the null hypothesis that
the estimated coefficient is equal to zero (weak exogeneity) and no causality. The asterisks indicate significance
at the 1% level.

Table 8: Causality test for secondary education based on VECM

Long-Run Causality

Variables ECT
-0.191***
DQ [-11.91]
-0.244 %
DK [-3.54]
-0.100%**
DUH?2 [-5.92]

Note: The asterisks of the lagged ECTs are distributed as t-statistics and indicate rejection of the null
hypothesis that the estimated coefficient is equal to zero (weak exogeneity) and no causality.
The asterisks indicate significance at the 1% level.\

Table 9: Summary of causality test for higher education based on VECM

Short-run dynamics | Weak Tests of Granger non- Test for
non-causality exogeneity [causality (joint short run strong
dynamics and ECT) exogeneity
Variables | DQ DK DUH3 ECT DQ DKand DUH3and All
and ECT ECT variables
ECT and ECT
DQ - 1.72  5.39%*| -0.10%** - 22.59%%* | 4D 4gHH*
(0.18) (0.02) [-2.99] 24.28***  (0.00) (0.00)
(0.00)
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Short-run dynamics | Weak Tests of Granger non- Test for
non-causality exogeneity |causality (joint short run strong
dynamics and ECT) exogeneity
DK 2.28 - 4.43%* 0.12 1.96 - 4.46 6.18
(0.13) (0.03) [0.93] |(0.37) (0.11) (0.11)
DUH3 0.11  0.04 - -0.086 1.92  23.10%** - 24 .80%**
(0.73) (0.83) [-1.22] ](0.38) (0.00) (0.00)

Note: The Wald test statistics reported are distributed as a chi-square distribution with degrees of
freedom the number of restrictions. The p-values are presented in parentheses. In the short-
run dynamics, asterisks indicate rejection of the null hypothesis that there is a short-run non-
causal relationship between the two variables. The asterisks of the lagged ECTs are
distributed as t-statistics and indicate rejection of the null hypothesis that the estimated
coefficient is equal to zero (weak exogeneity). The t-statistics are presented in brackets.
Finally, in the tests for Granger non-causality and strong exogeneity, asterisks denote
rejection of the null hypothesis of Granger non-causality and strong exogeneity respectively.
The asterisks indicate the following levels of significance: **5% and ***1%.

Table 7 reports the findings for the endogeneity between the variables of
GDP, physical capital investments and primary education. Estimates of the
parameters show that the error-correction term is negative and statistically
significant for the GDP and physical capital investments equations. The t-test for
the error-correction term indicates the significance of the long-run causal effect at
the one percent level. Therefore, GDP and investments are not weakly exogenous
variables. These results imply that in the long run, there is a unidirectional Granger
causality running from primary education to GDP and bidirectional causality
between physical capital investments and GDP. Table 8 reports the findings for the
endogeneity of GDP, physical capital investments and secondary education.
Estimates of the parameters show that the error-correction term is negative and
statistically significant for the three equations. The t-test for the error-correction
term indicates the significance of the long-run causal effect at the one percent level.
Therefore, GDP, investments and secondary education are not weakly exogenous
variables. These results imply that in the long run, there is a bidirectional Granger
causality running between secondary education, physical capital investments and
GDP. Table 9 reports the findings for the endogeneity of GDP, physical capital
investments and higher education. Estimates of the parameters show that the error-
correction term is negative and statistically significant only for the GDP equation.
The t-test for the error-correction term indicates the significance of the long-run
causal effect at the one percent level. Therefore, GDP is not a weak exogenous
variable. In addition, the t-tests of the error-correction term for the physical capital
investments and higher education enrolment rates are not statistically significant.
These results imply that the physical capital investments and higher education are
weakly exogenous variables. In the long run, there is a unidirectional Granger
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causality running from higher education and physical capital investments to GDP.
In the short-run dynamics, the Wald tests indicate that there is a unidirectional
Granger causality running from higher education enrolment rates to GDP. Finally,
the significance levels associated with the Wald tests of joint significance of the
sum of the lags of the explanatory variable and the error-correction term provide
more information on the impact of physical capital investments and higher
education on economic growth and vice versa. Finally, the empirical results reveal
that for the GDP and higher education variables we can reject the hypothesis of
strong exogeneity supporting the proposition that there is a relationship between
physical capital investments, higher education and economic growth in Greece.

Impulse Response Functions

In order to study the dynamic properties of the VAR models, impulse
response functions analysis (IRF thereafter) is employed using the Cholesky
decomposition. The time period of impulse response functions spreads over ten
years, which is a long enough period to capture the dynamic interactions between
education and physical capital investments growth rates to economic growth. The

IRF derived from the unrestricted VARs are presented in figures 2, 3 and 4.

Response to Cholesky One S.D. Innovations
Response of Q to Q Response of Q to K Response of Q to UH1
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Figure 2: IRF with primary education
The variables of the first VAR order as following: GDP, physical capital investments and primary

education (Q, K and UH1 ).
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Response to Cholesky One S.D. Innovations
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secondary education (Q, K and UH2 ).

Response to Cholesky One S.D. Innovations

9
Figure 3: IRF with secondary education
The variables of the second VAR order as following: GDP, physical capital investments and

12 3 4 5 6 7 8 9 10

Response of Q to Q Response of Q to K Response of Q to UH3

08 08 08

06+ .06+ 06

04 044 04

02 02 02

00 .00 .00
-02 ———— -02 — -02 ——————

12 3 4 5 6 7 8 9 10 1t 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Response of K to Q Response of K to K Response of K to UH3

12 / 124 124

08 084 08

04 04 \// 044

00 T T .00 T T .00 T T

1.2 3 4 5 6 7 8 9 10 1.2 3 4 5 6 7 8 9 10 1.2 3 4 5 6 7 8 9 10
Response of UH3 to Q Response of UH3 to K Response of UH3 to UH3

16 16 16

A2 124 12

08+ 084 08

04 "’/’4",,,———*""’f’—”_"’_—_—_—__ 04 _""—_—_’__________._-——-——-""'__ 04

00 ———— 00 — . 00 ——————

1.2 3 4 5 6 7 8 9

78 9 1

2 3 4 5 6 7 8 9 10

Figure 4: IRF with higher education
The variables of the third VAR order as following: GDP, physical capital investments and higher
education (Q, K and UH3).
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From the first row of figure 2, it becomes apparent that one standard deviation
shock of primary education has a negative impact on economic growth. Similar, a
one standard deviation shock to economic growth variable has negative impact on
primary education. Figure 3 reports that a one standard deviation shock to secondary
education has a positive impact on economic growth. In other words, a one percent
increase in secondary education’s innovation causes a 0.02 percent increase in
economic growth. Similar, a one standard deviation shock to economic growth
variable has a positive impact on secondary education after the second year. Figure 4
shows that the response of economic growth from one standard deviation shock in
higher education is positive and significantly bigger than secondary education. A one
percent increase in the innovation of higher education causes a 0.06 percent increase
in economic growth. Similar, higher education response to economic growth
innovation is positive. A one standard deviation shock to physical capital investments
has a positive impact on economic growth, but the strongest positive impact arises
from economic growth to investments in all the figures.

Variance Decomposition Analysis

The variance decomposition (VDC thereafter) is estimated for each variable
in the VAR models for a period of ten years. The VDC estimation results are
presented in tables 10, 11 and 12.

Table 10: Variance Decomposition for Primary Education

Variance Decomposition of Q  Variance Decomposition of K Variance Decomposition of UH1

Periods SE. Q K UHI SE. K Q UHI SE UHI Q K

0.02 100.00 0.00 0.00 0.11 2005 7994 0.00 001 97.69 179 0.1
0.04 9837 137 025 0.17 2060 7936 0.02 002 9744 216 0.38
0.06 9585 349 064 022 21.12 7880 0.06 0.03 97.14 255 0.29
0.08 9321 572 1.05 026 21.60 7827 012 0.03 96.79 298 0.22
0.10 90.73 7.81 144 031 2204 7775 020 0.04 9638 344 0.17
0.12 8850 970 1.78 035 2245 7726 028 0.04 9592 391 0.15
0.15 8654 1136 2.09 039 2283 76.79 037 0.04 9543 441 0.14
0.17 8481 1282 236 043 23.18 7635 046 005 9490 493 0.16
020 8329 14.10 2.60 048 2351 7592 055 0.05 9433 546 020

10 022 8195 1523 280 052 2382 7553 064 0.06 9373 6.01 025
The variables of the first VAR order as following: GDP, physical capital investments and primary
education (Q, K and UH1 ).

O 0 9 O W b~ W N =
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Table 11: Variance Decomposition for Secondary Education

Variance Decomposition of Q

Variance Decomposition of K

Variance Decomposition of UH2

Periods  S.E. Q K UH2 SE K Q UH2 SE. UH2 Q K
1 0.02 10000 000 000 011 21.64 7835 000 002 9830 092 077
2 0.04 9791 164 044 016 2289 7705 004 004 9753 044 201
3 005 9430 449 120 021 2408 7577 0.3 005 9598 038  3.62
4 0.07 90.16 775 207 025 2521 7452 025 006 9385 0.65 548
5 0.08 8604 11.00 295 029 2626 7332 040 007 9134 1.17 748
6 0.10 82.18 1404 376 033 2726 7215 057 008 88.60 1.86  9.52
7 0.11 7867 1681 450 036 2819 71.04 076 009 8575 267 11.56
8 0.13 7553 1928 517 040 29.06 69.98 095 0.10 82.89 3.56 13.54
9 0.15 7274 2149 576 044 2987 6896 115 0.1 80.07 448 1544
10 0.17 7026 2344 628 048 30.64 68.00 135 0.2 7733 541 17.24

The variables of the second VAR order as following: GDP, physical capital investments and
secondary education (Q, K and UH2).

Table 12: Variance Decomposition for Higher Education

Variance Decomposition of Q Variance Decomposition of K Variance Decomposition of UH3

Periods S.E. Q K UH3  S.E. K Q UH3 S.E. UH3 Q K
1 0.02 100.00 0.00 0.00 0.10 22.03 7796  0.00 0.05 92.35 7.31 0.33
2 0.04 95.25 0.01 4.73 0.15 1454 8194 350 0.10 91.19 7.89 090
3 0.05 89.48 0.53 9.97 0.19 1256 80.11 7.32 0.15 89.94 8.74 1.31
4 0.07 84.30 134 1435 023 11.61 78.05 10.33 0.19 88.71 9.62 1.65
5 0.09 7994 220 1784 027 11.10 76.20 12.68 0.23 87.52 1049 197
6 0.11 76.35 3.02 20.62 031 1083 74.63 14.52 0.27 86.36 1135 2.27
7 0.14 73.38 3.77 2283 035 10.68 7328 16.02 0.31 8524 1218  2.56
8 0.16 7092 444 2463 038 1061 7212 17.25 0.35 84.17 1298 2.83
9 0.18 68.84 502 2612 042 1059 71.09 18.30 0.39 83.14 1375 3.09
10 0.21 67.08 554 2736 046 1059 70.18 19.21 0.42 82.16 1448 3.34

The variables of the third VAR order as following: GDP, physical capital investments and higher

education (Q, K and UH3).

As the years pass primary, secondary and higher education gradually affect
more the variation of economic growth. More precisely, 2.80, 6.28 and 27.36
percent of economic growth forecast error variance in a ten years period is
explained by disturbances of primary, secondary and higher education,
respectively. Higher education innovation explains much more than primary and
secondary the variation of economic growth. Overall, this figure is quite
substantial, underlying the importance of higher education on economic growth.
Also, as the years pass physical capital investments affect the variation of
economic growth in all figures. From the first year a substantial part of the forecast
error variance of economic growth from 5.54 to 23.44 percent, is affected by the
disturbance of the physical capital investments. On the other hand, the variation of
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physical capital investments is largely explained by economic growth. The overall
results from VDC seem to be in agreement with those of IRF, providing evidence
in favour of the importance of secondary and higher education to explain variation
in economic growth.

4 DISCUSSION OF THE RESULTS

The results of the econometric analysis show that secondary and higher
education have had a positive contribution to economic growth in Greece during
the period 1960-2009. These results are consistent with most of the previous
studies mentioned above. Specifically, the results are in line with the studies, such
as Tallman and Wang (1994) for Taiwan, Lin (2006) for Taiwan, Loening
Bhaskara, and Singh (2010) for Guatemala, Abbas (2001) for Pakistan, Shaihani et
al. (2011) for Malaysia, Villa (2005) for Italy, Chi (2008) for China, Gyimah,
Paddison, and Mitiku (2006) for African countries. In the case of Greece, the
results are in line with the studies of Magoula and Prodromidis (1999), Asteriou
and Agiomirgianakis (2001), Tsamadias and Prontzas (2012), Pegkas and
Tsamadias (2014) and Pegkas (2014). The result that primary education has had a
negative impact on economic growth is consistent with less of the previous studies
mentioned above. Specifically, the results are in line with the studies, such as
Abbas, (2001), Villa, (2005) and Shaihani et al, (2011), Pegkas (2014). As Romer
(2001) noted, primary education might not show short run results in the economy,
but has indirectly long term effects on it. As primary is the first and basic level of
education it is very important for the other two levels of education, which make up
the productive sector of the country. In addition, in the case of Greece, possibly
due to the fact that primary enrollment rates were already high, during the period
under review they had declined in some subperiods. So, for the examined period
which the GDP has grown significantly, the primary education had a negative
significant effect on economic growth. During the period 1960-2009 Greek
economy was transformed from the primary to the tertiary production sector.
Furthermore, Greece was transformed from a less developed to a developed
country. That may explain the findings of the study that secondary and higher
education have had the most significant positive impact on growth in Greece, while
primary education had not contributed to growth. This conclusion is supported by
the research of Gemmell (1996), Mingat and Tan (1996) and Petrakis and
Stamatakis (2002), who concluded that primary education affects more less
developed countries, while growth in more developed countries depends mainly on
secondary and higher education.
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Another main result of the study reveals the rejection of the increasing
returns to scale. This finding is consistent with other studies that applied the Lucas
model such as: Monteils (2004) in the case of France, Gong, Greiner, and Semmler
(2004) in the case of U.S. and Germany, Van Leeuwen (2006) in the cases of India
and Japan. So, the endogenous character of the economic growth suggested by
Lucas 1s not verified. As a result the application of this model would be
accompanied by similar predictions as the neoclassical growth model introduced by
Mankiw, Romer, and Weil (1992). Probably that explains the similarity with the
results of the study which has applied the neoclassical growth model for the case of
Greece (Pegkas, 2014).

5 CONCLUSIONS

The study empirically investigates the causal relationship between each level
of formal education and economic growth. Moreover, it estimates the effect of each
level of formal education on economic growth, in Greece during the time period
1960-2009. In order to estimate the contribution of education to economic growth,
the paper used the endogenous approach of Lucas (1988) and the enrollment rates
as proxy for human capital. The empirical analysis reveals that GDP, the three
levels of education and physical capital investments are cointegrated. The elasticity
of GDP with respect to primary, secondary and higher education, is -0.96, 0.52 and
0.20 respectively. The results also suggest that there is evidence of unidirectional
long-run causality running from primary education to growth, bidirectional long-
run causality between secondary and growth, long-run and short-run causality
running from higher education to economic growth. These results are supported by
the generalized impulse response functions and the generalized variance
decomposition analysis. Overall, the conclusion of the study indicates that the
quantity of secondary and higher education has had a positive contribution to
economic growth. In Greece, the quantity of education has increased during the last
five decades (Pegkas and Tsamadias, 2014) whereas the quality of education
remains low as many reports indicate (PISA 2012 Results-OECD). In Greece,
many important structural reforms in various sectors of the educational system
need to be implemented, in order to further improve the quality of human capital.
This way the contribution of education to economic growth in Greece will be
increased. Future research could focus on the investigation and evaluation of the
quality of education, efficiency, effectiveness and productivity of higher education
institutions and schools. Another study could investigate synergies among higher
education institutions and businesses. We believe that these are crucial factors in
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the direction of the country's development in the international competitive and
dynamic environment.

Notes

' For more details of the model please refer to Bratti and Bucci (2003) and Pegkas
(2012).

2 The results of VECMs are available from the authors upon request.
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