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ABSTRACT. This paper uses the Growth Accounting

methodology to estimate technological change, as well as labor

and capital productivity in the various sectors of the Greek

economy over the period 1988–1998. The results show that the

technological level, as measured through annual growth in

Total Factor Productivity, has remained practically unchanged.

Meanwhile, technological change accounts for about 40% of

economic growth, which is slightly lower compared with the

relative performance of other O.E.C.D. countries. Finally, our

main findings are, in general terms, consistent with estimates by

other researchers.
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1. Introduction

The economic importance of technology is great:
‘‘The difference between rich nations and poor
nations is not [...] that the rich have more money
than the poor, but that rich nations produce more
goods and services. One reason they can do so is
because their technology is better; that is, their
ability to control and manipulate nature and
people for productive ends is superior’’ (Mokyr,
1990, preface). If some nations, or sectors of eco-
nomic activity, have been superior—in terms of
economic growth—compared to others it is, at
least partly, due to their technological superiority.
Indeed, economic research has consistently shown

that technological progress is a major driving force
of long-term economic growth (e.g. O.E.C.D.,
1996, p. 53; Tassey, 2004, p. 165).

The purpose of the paper is to present esti-
mates of total factor productivity (T.F.P.)
change which accounts for technological change,
as well as estimates of labor and capital pro-
ductivity, by sector of economic activity. We use
the Growth Accounting methodology for the case
of Greece, over the period 1988–1998, when data
are available.

The remainder of the paper is structured as
follows: Section 2 presents some key figures about
the Greek economy and discusses the research
question; section 3 sets out the methodological
framework; section 4 presents the empirical re-
sults, while section 5 offers policy insights; finally,
section 6 concludes the paper.

2. Economic growth and technological change

in Greece: The research question

Greece has one of the least developed economies in
the European Union (E.U.).1 Agriculture was the
driving force behind the Greek economy. During
the first half of the 20th century, the economy
depended on the export of agricultural products
and had a performing shipping industry. Also,
remittance sent home from Greeks working
abroad was a major source of income. Natural
resources are limited and there are some deposits
only in the case of nonferrous metals. Fossil fuels
are in short supply, expect for lignite, whereas oil
production is limited. The country became more
industrialized after World War II and the gov-
ernment policies were conducive for industrializa-
tion, while foreign aid grew considerably. Also, the
country’s great heritage is well preserved and
tourism has become a booming industry, especially
after the 2004 Olympic Games.
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The Greek economy performed poorly from
about 1970 to 1995, during which it was the
poorest in the E.U. Part of the explanation lies
with the collapse of macroeconomic policy that
took the form of large fiscal deficits and high
inflation rates. Also, reduced rates of capital for-
mation, the shock of entry in the E.U. and the
presence of structural rigidities are regarded as
contributors to the economic slowdown. But the
deteriorating performance is also attributed to the
country’s poor economic institutions, such as
competitiveness of its tradable goods (Bosworth
and Kollintzas, 2001).

Now, Greece has a mixed capitalist economy
with a strong participation of the public area. The
country became a full member of the E.U. in 1981
and its economy has improved over the last dec-
ades in the run-up to its entry into the Economic
and Monetary Union (E.M.U.) in 2001 as a result
of a major effort to reverse the macroeconomic
situation. More precisely, the public deficit was cut
from 16% of G.D.P. in 1990 to 1.8% in 1999,
while inflation was reduced from 20% in 1990 to
about 3% in 2000. These improvements lead to the
acceleration in the growth of G.D.P. Also, Greece
engages in free trade with its European partners
and benefits from E.U. funds. Major challenges
remaining include the reduction of unemployment
and restructuring of the economy.

Greece is also the most easterly country within
Western Europe, and the gradual enlargement of
the E.U. to the East will create a new allocation of
resources and factors such as know-how and
productivity will play a decisive role for competi-
tiveness. In this context, the measurement of
technological change for Greece, by sector of
economic activity, is of great interest since the
country constitutes an original member of the
O.E.C.D., and an old member of the E.U. Also, it
ranks very high among E.U. countries in output
growth since 1995 (European Commission [E.C.],
2000, p. 30). However, despite its high growth
rates, Greece has long been viewed as one of the
laggards within the E.U. In fact, it ranked last
among E.U. members in R&D expenditures (E.C.,
2000, 2003) and very low in terms of growth in
T.F.P. (e.g. O’Mahony, 2002, p. 9).

Unless Greece can begin to do better, it will
probably continue to languish at the bottom of the
E.U. distribution. After stabilizing the macroeco-

nomic environment, the next stage for Greece is to
accelerate the rate of increase in technological
change. In this context, the E.C. report suggests
that Greece should give high priority to taking
measures to increase technology diffusion and
stimulate technology financing (E.C., 2000, p. 31).

Obviously, the identification of poorly per-
forming sectors of economic activity within the
Greek economy could have significant implica-
tions for policy makers. For instance, the analysis
pinpoints the industries, the performance of
which is poor and needs enhancement, in case the
Greek government decides to stimulate techno-
logical change for some industries. On the other
hand, the Greek government might wish to sub-
sidize technology in a certain industry and in this
case, our analysis indicates the annual growth
rate of each industry’s technological level. Con-
sequently, the topic of this paper is important
and timely given the position of Greece at the
periphery of the E.U.

3. Methodological framework

A central problem in examining technological
change and one that makes it difficult to define or
characterize it is that it takes many different forms
(Rosenberg, 1982: 3). The most useful common
denominator underlying its multitude of forms is
that it constitutes any change in the application of
knowledge that canmake it possible to produce (i) a
greater volume of output from a given amount of
resources, (ii) a qualitatively superior output, or (iii)
a completely new output (Mokyr, 1990, p. 6; Jones,
1993, p. 190; Rosenberg, 1982, p. 3). Technology
constitutes a very crucial determinant of an econ-
omy’s competitiveness, however its direct quantifi-
cation is difficult and it is usually estimated
indirectly using a production function (O.E.C.D.,
1996).

The quantitative changes which an economy in
the process of economic growth undergoes have
been subject of numerous studies by economists.
The use of an aggregate production function and
its limitations are well understood by now, yet
the methodological framework continuous to be a
popular one. The empirical investigation is based
on Growth Accounting.2 In Growth Accounting,
growth in a single country is decomposed using a
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production function into a part explained by
growth in factor inputs and another part (i.e.
the Solow residual), which is attributed to
technological change, and is called Total Factor
Productivity (T.F.P.). The basic framework can
be extended in other ways (see, for example,
Denison, 1967; Mankiw et al., 1992), the most
common of which is to consider different types of
capital and labor (Romer, 1996, p. 26). Growth
accounting has been applied to numerous cases in
the last two decades (see Denison, 1985; Jorgen-
son, 1988; Griliches, 1988; Baily and Gordon,
1988; O’Mahony, 1992; Page, 1994; Young, 1994;
Michaelides et al., 2005) with very satisfactory
results.3

Themost commonly used production function in
empirical investigations using aggregate data is the
unrestricted Cobb-Douglas production function
(Thirlwall, 2001, p. 181).4 We assume a Cobb-
Douglas production function with two inputs
(capital and labor) and Hicks-neutral technological
progress.5 So, production at time t is given by:

YðtÞ ¼ AðtÞ � LðtÞa � KðtÞb

YðtÞ > 0; LðtÞ > 0; KðtÞ > 0;

AðtÞ > 0; a > 0; b > 0:

ð1Þ

The notation is standard: Y is output, L labor, K
capital and A the level of technology. Meanwhile,
a and b are the parameters of the original Cobb-
Douglas production function, expressing the elas-
ticities of output with respect to labor and capital,
respectively,6 which have to be empirically esti-
mated (Dornbusch and Fischer, 1993, p. 873).
From Equation (1) we get Equation (2) which
allows us to estimate technological change,
indirectly (see e.g. Thirlwall, 2001, p. 181):7

_A=A¼@AðtÞ
@t
� 1

AðtÞ¼
@YðtÞ
@t
� 1

YðtÞ

�a
@LðtÞ
@t
� 1

LðtÞ�b
@KðtÞ
@t
� 1

KðtÞ : ð2Þ

Similarly, the rates of growth of labor productivity
(l) and capital productivity (k), can also be calcu-
lated (see Romer, 1996, p. 26), as well as the per-
centage of economic growth by sector of economic
activity, which is attributed to technological pro-
gress (p) (see Thirlwall, 2001, p. 189).8 The rates of

growth of labor productivity and capital produc-
tivity, respectively, are given by:

1 ¼ @YðtÞ
@t
� 1

YðtÞ �
@LðtÞ
@t
� 1

LðtÞ ð3Þ

k ¼ @YðtÞ
@t
� 1

YðtÞ �
@KðtÞ
@t
� 1

KðtÞ : ð4Þ

4. Empirical results

The significance of the factors entering the
production function of the various sectors of
economic activity in Greece is tested using the
available data collected from the publications of
the National Statistical Service of Greece (2001,
2002). However, their industry classification was
not identical to the classification used by O.E.C.D.
(see Table III, Appendix). The data available is on
an annual basis and covers the period 1988–1998.
The regressions are based on the log-linear form of
the Cobb-Douglas production function with two
inputs, i.e. capital and labor, Hicks-neutral tech-
nological progress and are estimated with the aid
of the Ordinary Least Squares (O.L.S.) method-
ology (see Table II, Appendix), which is the stan-
dard procedure for estimating the Cobb-Douglas
production function (see, for example, Mankiw
et al., 1992; Andrikopoulos, 2000; Stewart, 2005).9

The signs of the estimated coefficients are con-
sistent, except for one case, with the implied
hypotheses (a>0, b>0) and are statistically sig-
nificant, in most cases. The regressions account, in
most cases, for a high percentage of the variability
of output in the various sectors of economic
activity in Greece, which, given the inevitable
imperfections in this sort of data, is very satisfac-
tory (Mankiw et al., 1992, p. 408).10

Continuously, the estimated parameters (a, b),
the rates of growth in output ( _Y=YÞ, labor ( _L=LÞ,
capital ( _K=KÞ, labor productivity (l), capital pro-
ductivity (k), total factor productivity ( _A=AÞ and
the percentage of output growth by sector of
economic activity that is attributed to technologi-
cal progress (p), are calculated (Table I).

A first conclusion that can be drawn is that for
the great majority of sectors, T.F.P. remains,
practically, unchanged (on average, equal to
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) 0.39%), over the time period 1988–1998. This
finding is, roughly speaking, consistent with esti-
mates, for the total economy, by other research-
ers, such as O’Mahony (1992), who also found
that T.F.P. growth rate hovers around 0%, (i.e.
0.75%) but over a slightly different period, i.e.
1989–1999.11

Also, the (University of) Groningen Growth
and Development Center (G.G.D.C.) Total
Economy Growth Accounting publishes annual
growth rates for Greek T.F.P., and a simple
calculation yields a growth rate equal to 0.43%,
over the period 1988–1998. Moreover, a similar
study by Bosworth and Kollintzas (2001), after a
simple calculation, yields a T.F.P. growth rate of
about 0.13% over the 1988–1998 period. Finally,
according to O.E.C.D. (1996, p. 60), the T.F.P.
growth rate for the total economy in Greece is
equal to ) 0.30% which practically matches our
estimation () 0.39%). Obviously, all these figures
use slightly different methodologies (or data) and
yield slightly different results. However, they all
seem to confirm the main conclusion of this paper,
i.e. that in the late 1980s and for the great part of

the 1990s, Greek T.F.P. remained, practically,
unchanged.

On average, the annual growth rates in output,
labor and capital among sectors are positive and
equal to 2.99%, 4.38%, and 4.11%, respectively.
On the contrary, the average annual growth
rates in productivity of labor and capital among
sectors are, equal to ) 1.39%, and ) 1.12%,
respectively.

As far as the contribution of technology to
economic growth is concerned, its average value
among sectors is equal to 39%, which is slightly
lower compared with the relative performance of
other O.E.C.D. countries (O.E.C.D., 1996, p. 58).

Concentration on performance at the economy
wide level hides interesting variations at more
detailed sector levels. For instance, the great
majority of sectors experience slightly negative
annual rates of growth of T.F.P. with the excep-
tion of sectors 10–14 and sector 18 that experience
slightly positive annual growth in T.F.P. The
fastest decline in T.F.P. is experienced by sectors
19, 7, 21, while the slowest decline is experienced
by sector 14.

Table I

Growth rate in output, labor, capital, labor productivity, capital productivity, total factor productivity and technology participation

for Greece by sector, 1988–1998

Sector a b a + b _Y =Y _L=L _K=K l k _A=A p

1 0.170 0.048 0.218 0.0077 0.0285 0.0804 ) 0.0208 ) 0.0726 ) 0.001038 0.13402

2 0.350 0.146 0.498 ) 0.0098 0.0137 ) 0.0513 ) 0.0234 0.0416 ) 0.006996 0.71760

3 0.610 0.014 0.625 0.0175 0.0389 ) 0.2418 ) 0.0214 0.2592 ) 0.002823 0.16172

4 0.233 1.203 1.437 ) 0.0102 ) 0.0058 ) 0.0062 ) 0.0044 ) 0.0040 ) 0.001356 0.13288

5 0.708 0.047 0.756 ) 0.0045 0.0176 ) 0.2803 ) 0.0220 0.2759 ) 0.003619 0.83168

6 0.529 0.436 0.965 0.0389 0.0571 0.0305 ) 0.0182 0.0085 ) 0.004586 0.11779

7 0.762 0.856 1.619 0.0077 0.0470 ) 0.0153 ) 0.0393 0.0230 ) 0.015005 1.93907

8 ) 0.37 0.554 0.187 0.0013 0.0279 0.0265 ) 0.0265 ) 0.0252 ) 0.003124 2.34710

9 1.674 0.532 2.206 0.0230 0.0291 ) 0.0416 ) 0.0061 0.0646 ) 0.003523 0.15310

10 0.389 0.797 1.187 ) 0.0107 0.0961 ) 0.0657 ) 0.1069 0.0549 0.004195 0.38961

11 1.066 0.114 1.182 0.0176 0.0395 ) 0.2367 ) 0.0220 0.2543 0.002582 0.14688

12 0.112 0.230 0.343 0.0109 0.0010 0.0404 0.0100 ) 0.0295 0.001499 0.13733

13 0.591 0.028 0.620 0.0371 0.0508 0.2188 ) 0.0137 ) 0.1817 0.000775 0.02088

14 0.502 0.467 0.970 0.0381 0.0390 0.0250 ) 0.0009 0.0131 0.006803 0.17855

15 0.013 0.376 0.391 0.0436 0.0566 0.1172 ) 0.0130 ) 0.0736 ) 0.001392 0.03195

16 0.035 0.573 0.609 0.0816 0.0490 0.1510 0.0326 ) 0.0694 ) 0.006718 0.08228

17 0.503 0.475 0.979 0.0529 0.0479 0.0748 0.0050 ) 0.0219 ) 0.006768 0.12801

18 0.074 0.554 0.629 0.0883 0.0593 0.1491 0.0290 ) 0.0608 0.001281 0.01451

19 0.419 0.126 0.546 0.0728 0.1110 0.3973 ) 0.0383 ) 0.3246 ) 0.023959 0.32933

20 0.585 0.461 1.047 0.0557 0.0442 0.0759 0.0115 ) 0.0202 ) 0.005236 0.09401

21 0.524 0.105 0.630 0.0683 0.0713 0.4156 ) 0.0030 ) 0.3474 ) 0.012934 0.18945

) 0.003902 0.39418
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Also, sectors 8, 7, 5, 2, 10, 19 are highly
dependent on technological change when the rates
of economic growth are concerned. On the other
hand, sectors 18, 13, 15, 16 and 20, do not show
any significant dependence. Finally, fifteen (15)
out of twenty-one (21) sectors of the Greek econ-
omy experience decreasing returns to scale, while
in most of them the elasticity of labor is larger than
that of capital.

At this point, we should stress the fact that all
estimates of T.F.P. are subject to a margin error
and the production function estimate is obvi-
ously contingent on an estimate of the capital
stock (Stikuts, 2003). In other words, the meth-
odology we used is popular and appropriate, but
it should be treated with caution since, the
parameters a and b, and the capital stock are
estimated figures, and therefore, there is some
uncertainty in their estimation. Obviously, a figure
such as Greek T.F.P. is an estimate and not a firm,
precise measure.

5. Discussion and policy implications

Given the fact that technology is critical for pro-
ductivity and economic growth (Tassey, 2004,
p. 166), the T.F.P. estimates are important policy
variables, as well. Thus, our investigation has
direct relevance for policy issues for Greece. For
instance, in case the Greek government decides to
enhance technological change, it could choose the
‘‘construction’’ industry, which yielded the highest
T.F.P. growth. In case it wishes to support the
weakest economic sectors, our analysis pinpoints
the industries, the performance of which is poor
and needs enhancement. In such a case, the Greek
government could chose the ‘‘petroleum and coal
products’’ industry.

The implementation of a sectoral science and
technology (S&T) policy should focus the effort on
specific carefully selected sectoral fields of high
economic interest. For instance, sectors (10)–(14)
seem to constitute a good choice since they dem-
onstrate relatively satisfactory T.F.P. growth rates
combined with a low dependence on technologi-
cally induced economic growth. In case these sec-
tors could be gradually transformed into
‘‘technology—intensive’’ sectors, the result would
be satisfactory.

However, despite having implemented a suc-
cessful program for stabilizing the macroeconomic
environment, Greece is still in the process of
developing an effective strategy for promoting
technological progress. It has no well defined areas
of comparative advantage in the international
sphere, and it has no sector like the export-oriented
electronics in Ireland, for instance, that could serve
as the driving force behind economic growth
(Bosworth and Kollintzas, 2001). If the country is
not going to use its tradable goods as the driving
source for growth, it will probably need to develop
an upgrading of domestic industries based on
technological advancement and innovation.

Of course, following O.E.C.D, in Greece certain
characteristics of the S&T system, such as the
small size of the research community, the disper-
sion of the research effort to multiple sectors and
themes, the weak communication among labora-
tories, as well as between the research and pro-
duction systems, seem to constitute a handicap to
the dissemination of knowledge based information
and, thus, to technology transfer.

The state effort for the implementation of a
science and technology (S&T) policy is shared by
several authorities.12 No major reform has been
introduced since 1985 concerning the legal
framework whereas the national S&T policy has,
traditionally, been supported by E.U. funds.
Undoubtedly, international co-operation and E.U.
programs consist an important channel of tech-
nology transfer to the country. Universities account
for the great majority of absorption of the program
funding, while industrial participation remains
low.13 However, the needs of European competi-
tiveness in research and technology change rapidly
and make co-operation between researchers and
enterprises essential for the successful completion
of the projects and the exploitation of the results.

Evaluation of the efficiency of research projects
should be integrated in the policy formulation.
More precisely, the new programs should con-
tribute to new technological activities generating
competitive advantage, and assist research teams
to commercialize the results. The programs have to
motivate the business sectors in increasing their
contribution to R&D expenditure (see Belegri-
Roboli and Michaelides, 2005).

It should also aim at raising awareness
of entrepreneurs and managers on the use of
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technologies and increasing the skills and the
number of qualified personnel employed in
business. Opportunities should be provided for
the transfer of technology in terms of integration
of skilled researchers into the S&T system.
Moreover, the monitoring of the science and
technology labor market should be organized on
a more systematic basis, i.e. an effort should be
undertaken for the identification of skill gaps in
the Greek S&T field.

As far as it concerns the Greek universities, the
greater part of their R&D activities is financed by
the Ministry of National Education. Research
programs should aim at upgrading their research
equipment, encouraging young graduates to inte-
grate research teams, and improving the linkages
of the universities with other elements of the S&T
system, especially the users of research results (see
Caloghirou et al., 2001).

Finally, there should be a concentration of
future funding on the most promising fields of
science and technology, while a monitoring and
evaluation procedure should lead to the most
successful financial schemes having the greatest
relevance to the specificities of the Greek S&T
system. The restructuring and the expansion of the
existing infrastructure should be carried out
selectively on the basis of expert studies. We be-
lieve that the results of this study could be utilized
for the feedback of the policy formulation procedure
and could contribute to the efficient allocation of
future funds.

6. Conclusion

The present paper used the Growth Accounting
methodology to estimate technological change, as
well as labor and capital productivity, in the var-
ious sectors of the Greek economy in the 1988–
1998 time span. The results showed that, in general
terms, the technological level, as measured
through annual growth in Total Factor Produc-
tivity, has remained, practically, unchanged.
Meanwhile, technological change accounts for
about 40% of economic growth, which is slightly
lower compared with the relative performance of
other O.E.C.D. countries. Our findings are, in
general terms, consistent with estimates by other
researchers.

The main policy guidelines suggested can be
summarized in the following: enhancement of
co-operation between research organizations and
production units, encouragement of technology
transfer from abroad to Greek firms, reinforce-
ment of the innovation process, restructuring of
the existing R&D institutions, assessment of the
training needs of the Greek human capital, devel-
opment of specialized training programs in new
technologies, and providing incentives for applied
post-graduate research.

Based on our findings, we agree with the E.C.
report suggesting that Greece should give high
priority to taking measures to increase technol-
ogy diffusion and stimulate technology financing
(E.C., 2000, p. 31), given the incorporation of
other countries in the European Union financial
area. Although some European countries report
increasing T.F.P. (O’Mahony, 1992), the lack of
comparability in methodology and time period
hampers multi-country analyses of technological
change. The measurement of technological
change for other European countries is of great
interest and could be a good example for future
investigation.
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Notes

1. According to Maddison (1995), in 1950 Greece was the

poorest of the current members of the E.U.-15. Over the next

two decades, it was the fastest growing economy and its stan-

dard of living exceeded that of Ireland and Portugal. However,

since 1973, it has been characterized by the lowest rate of

growth and has fallen back to being the poorest country in the

E.U.-15 (Bosworth and Kollintzas, 2001).

2. Growth accounting was pioneered by Abramovitz (1956)

and Solow (1957) and aimed at explaining the determinants of

growth worldwide, after World War II.

3. For instance, Young (1994) used the growth accounting

methodology to argue that rapid growth of Taiwan, Singapore,
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SouthKorea andHongKongwasmainly due to increasing labor-

force and investment, and not to technological progress. Also,

growth accounting has been extensively used for the study of the

slowdown in productivity in the United States since the 1970s.

4. Despite its extensive use and its considerable success in

modeling economic growth, the Cobb-Douglas production

function presents some theoretical shortcomings, one of

which is the fact that it considers as homogenous the pro-

duction and labor expanded originating from different sectors

and skills. For a brief review of the model’s theoretical lim-

itations see Thirlwall (2001, pp. 185–187), which are, how-

ever, of limited practical character, as the author himself

implies (ibid., p. 187).

5. The assumption of (Hicks-) neutral technological progress

is, according to the empirical literature, a very reliable one

(Thirlwall, 2001, p. 187).

6. The Growth Accounting framework is based on the

assumption that the rate of change in output depends on the

growth in labor, capital and technological change, as well as on

the typical assumption that factor prices are equal to social

marginal products for capital and labor, respectively. However,

some scholars—even Solow himself in his 1957 paper—argue

that it is not always possible to isolate technological progress

from capital formation.

7. Note that if: (i) a + b = 1, then there are constant

returns to scale, (ii) a + b < 1, decreasing returns to scale

and (iii) a + b > 1, increasing returns to scale (see e.g.

Thirlwall, 2001, p. 182).

8. In the econometric model presented, one could account

for the differences in the quality of the factor inputs by di-

saggregating them into quality classes. These issues could be

addressed by using a production function representing dif-

ferent qualities of input factors (see Barro, 1998). For

example, L could be viewed as a vector that specifies the

quantities of labor of various types, categorized by educa-

tional attainment. In a similar vein, the variable K could be

distinguished between short lived and long lived capital.

Unfortunately, this sort of data is not available by sector of

economic activity for the Greek economy, concerning the

variable K. As far as the variable L is concerned, better data

are available. However, this sort of empirical investigation for

the case of Greece, by sector of economic activity, did not

yield statistically significant results, implying that the different

qualities of labor do not contribute, in a (statistically) sig-

nificant way, to the variability of total output, by sector of

economic activity. In other words, the different qualities of

labor do not constitute explanatory variables of the total

output. This fact implies that the labor expanded originating

from different sectors and skills behaves in a ‘‘homogeneous’’

way, and should be attributed to the very low level of dif-

ferentiation of labor quality in Greece.

9. Despite its extensive and widespread use the O.L.S.

regression is, traditionally, associated with certain disadvan-

tages (see, for instance, Griliches and Mairesse, 1995; Barro,

1998, etc). Some alternatives to O.L.S. have been proposed (see

for example, Olley and Pakes, 1996; Barro, 1998; Levinsohn

and Petrin, 2003), including numerical methodologies and non-

linear instrumental variables. However, despite being promis-

ing, these highly technical approaches have not been fully

exploited till now, and the research is still ongoing.

10. The remaining part is attributed to inevitable errors and

other factors possibly affecting growth, which are not included

in the typical production function. For instance, various au-

thors have provided evidence for the importance of human

capital in growth in income. See, for instance, Mankiw et al.

(1992), Azariadis and Drazen (1990).

11. The slightly different figures estimated are due to: (a) the

different time period investigated (b) the fact that in this paper the

production functions are estimatedby sector of economic activity

and not for the total economy as in O’Mahony (1992), (c)

O’Mahony’s (1992) hypothetical assumption of constant returns

to scale whereas in our study the unrestricted model was esti-

mated, (d) O’Mahony (1992)’s hypothetical assumption that the

values of a and b equal labor’s and capital’s share of value added,

respectively, and were not estimated empirically, as in this paper.

12. These authorities include the General Secretariat for

Research and Technology (G.S.R.T.) and the Ministry of

National Education.

13. The institution of venture capital enterprises was

established in Greece so as to support high technology or

innovation investments. However, financial organizations and

the market have not exploited till now the incentives pro-

vided for the promotion of technologically promising

productive activities.

Appendix

Table II

Regression results Cobb-Douglas production function for Greece by sector, 1988–1998

Sector lnA(t) t-stat a t-stat b t-stat R2 SE DW-stat

1 11.728 11.332 0.170 1.163 0.048 0.559 0.48 0.041 2.84

2 5.852 2.127 0.350 1.753 0.146 1.657 0.36 0.049 1.04

3 6.703 2.086 0.610 2.687 0.014 0.505 0.80 0.032 2.14

4 ) 7.047 ) 1.020 0.233 1.223 1.203 2.152 0.70 0.027 2.64

5 4.075 1.579 0.708 2.781 0.047 3.453 0.63 0.040 1.97

6 0.863 0.338 0.529 2.686 0.436 1.550 0.86 0.072 1.67

7 ) 6.646 ) 0.313 0.762 1.451 0.856 0.719 0.29 0.116 1.76

8 9.305 3.821 ) 0.37 ) 1.223 0.554 1.529 0.24 0.033 1.75

9 ) 13.258 ) 3.707 1.674 8.058 0.532 5.026 0.90 0.027 2.49

10 ) 2.946 ) 0.795 0.389 3.452 0.797 4.312 0.70 0.071 2.50
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