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1. Introduction Abstract and technology policy 
points out the growing 
concern regarding the 
technological develop­
ment and the introduction 
of new elements in the 
Greek institutional set-up 
that may encourage eco­
nomic actors to improve 
their technological and 
organizational capabili­
ties. 

The relationship be­
tween market structure and 
industry R&D perform­
ance has been studied both 
intensively and extensive­
ly, while a large number of 
empirical studies focus on 
both the intensity and the 
determinants of firm R&D. 
Total R&D effort has long 
been viewed in both the 
popular and academic lit­
erature as a key determi­
nant and indicator of the 
technological progressive-

This paper examines the factors that determine the variation of R&D activity 
across a sample of 150 Greek manufacturing firms for the period 1996-20?0. 
Alternative methods (Fixed effects and 2SLS fixed effects) have been applied 
to test the effects of a number of firm level variables on firm R&D intensity, 
by taking into consideration the conditions, the initiatives and the status of 
technological performance in Greece. The results show that when the Gre~k 
firms are profitable and fast growing, there is limited motivation to invest III 
R&D. 

Resume 
Cette article examine les facteurs qui dherminent la variation des activites de 
R&D dans un echantillon de 150 usines pendant les annees 1996-2000. Des 
mhhodes alternatives ont he app/iquees ajin de tester les efJets d'un certain 
nombre de variables sur l'intensite des usines en terme de R&D. Ceci sur la 
base des conditions, des initiatives et du niveau de performance technologique 
en Grece. Les resultats montrent que les usines grecques rentables et cl crois­
sance rapide ont moins de motivations en termes d'investissements en R&D. 

The major steps of S&T 
policy in Greece over the 
last 20 years show an evo­
lution towards a more Eu-

ness of firms, industries and even nations. 
The goal of this paper is to investigate the relationship be­

tween R&D intensity and other firm level variables, such as 
size, growth, profitability and other financial variables and 
to provide an explanation for the diverse and often conflict­
ing findings of the literature, taking into consideration .the 
different conditions, initiatives and status of technological 
performance of a Mediterranean country that is examined: 
Greece. 

This paper is structured as follows: Section 2 briefly pres­
ents the science and technology policy in Greece in order to 
make clear the existing situation of Greek manufacturing 
firms concerning their technological performance. Section 
3 explains a model of firm R&D and draws theoretical pre­
dictions about the relation between R&D intensity and oth­
er firm level variables. Section 4 describes the data set that 
is used while in Section V the method of analysis and pa­
per's e:Upirical results are presented and Section 5 offers 
some concluding remarks. 

2. Science and Technology Policy in Greece 
The experience of the last 20 years in the Greek science 
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ropean consistent frame­
work of policy tools. Policy makers in this context seem 
gradually to recognize the importance of linkages and 
knowledge flows in strengthening the innovative perform­
ance of the Greek industrial system. In this respect promo­
tion of R&D collaboration has been introduced recently as 
a means for developing interaction among different types of 
organizations (universities, firms, research institutes, etc.) 
aiming to underpin innovative process. However, although 
policy initiatives for supporting R&D collaboration show a 
certain interest in this type of research activities, it does not 
appear that public and private actors have integrated the in­
volvement in R&D collaborations in their technology strat­
egy. On the contrary, they do not seem to disassociate their 
R&D activity from public support. 

As indicated in Table I, gross domestic expenditure on 
R&D as a percentage of GDP in Greece is one of the low­
est among EU countries, 0.61 in 2001 while the respective 
indicator for EU25 is 1.92 and for EU15 1.98 for the same 
year. The percentage ofR&D expenditure financed by busi­
ness in Greece, as it appears in Table 2, shows the weak 
level of Greek firms expenditure on R&D compared with 
other EU countries. Only 29.7% ofR&D expenditure is fi­
nanced by business in 2001, while the respective indicator 
for EU25 is 55.4% and for EU15 56%. On the contrary, 
Table 3 shows that 46.6% of Greek R&D intensity is fi­
nanced by the government, while the respective indicator 
for EU25 is 34%, and for EU15 is 33.7%. 
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Tab. 1. R&D intensity as a percentage of GDP in 
Greece and other EU countries (1999-2003) 

Countries 1999 2001 2003 

Ell25 1.86 1.93 1.92 

Ell 15 1.90 1.99 1.98 

BELGIUM 1.96 2.17 1.89 

DENMARK 2.10 2.40 2.64 

FINLAND 3.23 3.41 3.48 

FRANCE 2.18 2.23 -

GERMANY 2.44 2.46 2.52 

GREECE 0.67 0.64 0.61 

IRELAND 1.19 1.15 1.17 

ITALY 1.04 1.11 -
NETHERLANDS 2.02 1.89 1.76 

PORTUGAL 0.75 0.85 0.78 

SPAIN 0.88 0.95 1.05 

SWEDEN 3.65 4.27 3.98 

UNITED KINGDOM 1.85 1.89 1.88 

Source:Euroslal Websile (2005) 

However, 
low R&D ex­
penditure is 
not an indica­
tor that alone 
could evaluate 
innovative ef­
forts in Greece. 
As empirical 
evidence from 
OECD coun­
tries indicates, 
only 30-50% 
of all innova­
tion costs re­
late to R&D 
expenditure 
(OECD, 
1998). The rest 
is expenditure 
on product de­
SIgn, market 
analysis, out­
sourcmg and 
expenditures 
on patents and 
licenses. 

As it is increasingly recognized, innovation relies on in­
teractive processes and knowledge flows. One of the main 
problems in the Greek S&T system is the limited linkages 
between economic actors and the weak infrastructure for d-

Tab. 2. Percentage of R &D expenditure financed by 
business enterprise sector in Greece and other EU 
countries (J 999-200 1) 

Countries 1999 2001 

Ell25 55.2 55.4 

Ell 15 55.6 56.0 

BELGIUM 66.2 64.3 

DENMARK 50.0 61.5 

FlNLAND 67.0 70.8 

FRANCE 54.1 54.2 

GERMANY 65.4 65.7 

GREECE 24.2 29.7 

IRELAND 64.4 

ITALY 

NETHERLANDS 49.7 51.8 

PORTUGAL 21.3 31.5 

SPAIN 48.9 47.2 

SWEDEN 67.8 71.9 

UNITED KINGDOM 48.5 47.3 

Source: Eurostat Website (2005) 

iffusion of in­
formation and 
knowledge. In 
the same time 
infrastructure 
for scientific 
and techno­
logical servic­
es, networks 
of information 
and databases 
are at an early 
stage of devel­
opment. 

During the 
last twenty 
years a change 
in the empha­
sis ofS&T pol­
icy in Greece 
occurred main­
ly in the con­
text of the Eu­
ropean Support 
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Framework I and 11. The Greek government launched two 
Programs promoting technological development, Business 
Program for Research and Technology I and 11 (EPET I 
and 11). The Programs' objectives were in accordance with 
those set by the European Support Framework 1&11. 

Another initiative was STRIDE HELLAS, integrated in 
the European initiative STRIDE (Science and Technology 
for Regional Innovation and Development) for the devel­
opment of the less developed regions of the European U­
nion. The programs PAVE and SYN were launched and 
funded in the context of the above initiatives. PAVE im­
plicitly promoted R&D cooperation whereas SYN aimed 
directly to the cooperation of Academic or Research Insti­
tutions with firms. It should be mentioned that the above na­
tional initia-
tives (PAVE 
and SYN) dif­
fer from the 
European Fra­
mework Pro­
grams sup­
porting coop­
erative R&D 
in that they do 
not set the 
condition of 
pre-competi­
tive research. 
The main in­
terest from a 
policy per­
spective was 
to improve fi­
rm's competi­
tiveness throu­
gh research col­
laboration that 
might promote 
the creation of 
new products 
or services and 
new processes. 

Tab. 3. Percentage ofR&D expenditure financed 
by government in Greece and other EU 
countries (1999-2001) 

Countries 1999 2001 

EU25 - 34.0 

EU 15 - 33.7 

BELGIUM 23.5 21.4 

DENMARK 31.2 28.2 

FINLAND - -

FRANCE 36.9 36.9 

GERMANY 32.1 31.4 

GREECE 48.9 46.6 

IRELAND 21.9 25.5 

ITALY - -

NETHERLANDS 35.7 35 .8 

PORTUGAL 69.7 61.0 

SPAIN - 39.1 

SWEDEN 24.5 21.0 

UNITED KINGDOM - -

Source: Euroslal Websile (2005) 

In a bid to promote the information society in a coher­
ent, integrated manner, a separate Information Society 
Operational Programme has been proposed under the 
Community Support Framework 2000-2006. It is an inno­
vative horizontal programme, which cuts across govern­
ment departments and aims to implement the main fea­
tures of the Greek government's White Paper entitled 
"Greece in the Information Society" issued in February 
1999. It also follows the guidelines set out in the e-Europe 
initiative and the conclusions of the Lisbon summit in 
March 2000. 
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3. Evidence on R&D and Model Specifica­
tion 

The Schumpeter Mark 11 view (Martin, 2002) is the soci­
ety ought to be willing to accept static market power for the 
desirable technological market performance that it brings. 
Sometimes the argument is that large firms which earn eco­
nomic profits are better able to finance risky R&D pro­
grams. Sometimes, the argument is that firms with market 
power are more likely to invest in R&D because, having 
fewer rivals, they are more likely to be able to appropriate 
the revenue that flows from successful innovation (Martin, 
2002). 

However, the empirical literature consists of many di­
verse and often conflicting results, even though the majori­
ty of the studies have found a positive correlation between 
seller concentration and industry R&D intensity. For exam­
ple, Williamson, (1965), Shrieves (1978), Mukhopadhyay, 
(1985) and Geroski (1990) found a negative relationship. 
However the majority of the empirical literature uses in­
dustry level data, to analyze mainly the relationship be­
tween market power, and R&D intensity. 

There is a large number of works that try to investigate 
the relationship between R&D intensity and size of the firm 
using USA or German data. Acs and Audretsch (1987) ana­
lyzesamples of 142 innovative and 42 highly innovative 
US four-digit industries and their results show that market 
power and large firm size promote desirable dynamic mar­
ket performance. They also indicate that rivalry and small 
firm size sometimes promote desirable dynamic market 
performance. Kraft (1989) analyzes the relation between 
market structure, firm structure and innovation for a sample 
of 57 German metal working firms. According to his re­
sults, firm size has no significant impact on the share of 
new products in total sales. They also confirm that firm 
characteristics, as well as market characteristics, influence 
innovative performance. Veugelers and Vanden Houte 
(1990) examine R&D spending per dollar of sales for a 
cross-section time series sample describing 47 Belgian 
firms. Neither firm size nor market concentration has very 
significant effects on R&D intensity. Lee (2005) uses a da­
ta set of Korean manufacturing industries for the year 1983 
and proves that the concentration R&D relationship differs 
depending on the strength of the link or simply the appro­
priability of R&D in terms of market share: a positive rela­
tionship is found in case of low-appropriability industries, 
where market concentration supplements low R&D appro­
priability, while a negative or inverted U-shaped relation­
ship for high-appropriability industries. 

However, only few works tried to investigate the rela­
tionship between firm R&D intensity and other firm level 
variables such as growth, profitability and also financial s­
tatus of the firm, using data of a Mediterranean country, 
such as Greece, in which the technological performance of 
the industry is limited but growing. 

The goal of this paper is to investigate the relationship be-
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tween R&D intensity and other firm level variables and to 
provide an explanation for the diverse and often conflicting 
findings of the literature, taking into consideration the dif­
ferent technological and political situation of the country 
that is examined. 

Following the relevant literature (Nakao,1993; Klette and 
Griliches, 1997; Lee, 2003 and 2005) the model, which is 
going to be estimated, is presented below: 
RDIS=a 1 +a2SIZE +a3PR +a4GR +a5LEV + a6NWTL +a7CASL 

where: RDIS is the R&D intensity 
SIZE is the size of the firm in terms of total assets 
PR is the profitability variable 
GR is the growth variable 
LEV is the leverage 
NWTL is the ratio of net worth over total liabilities 
CASL is the ratio of current assets over short-run liabili-

ties 
The empirical literature that relates to the issue of the re­

lationship between R&D intensity and size is vast as is clear 
e.g. from the survey by Cohen and Klepper (1996). Bound 
et al (1984) concluded that R&D increases proportionally 
to sales. There were deviations from this pattern among 
very large and very small firms, which tended to be more 
R&D intensive than the rest. However as they pointed out, 
very small firms are likely to be more innovative and do 
more R&D than the average small firms in US manufactur­
ing. Cohen et al (1987) confirmed this result at the firm lev­
el, and also at the line of business level for the sample of 
R&D performing units. Klette and Griliches (1996) found a 
similar pattern. N akao (1993) proves that the relationship 
between the size of the firm and R&D expenditures has a U 
form, which seems to suggest that the increase in the firm's 
resources alone may not increase the firm's investment in 
R&D. Cohen and Levin (1989) emphasize that the size ef­
fects in the R&D intensity, even if they are statistically sig­
nificant, are "minute both in terms of the variance ex­
plained and the magnitude of the coefficients". Similarly, 
Cohen and Klepper (1996), state that "in most industries it 
has not been possible to reject the null hypothesis that R&D 
varies proportionally with size across the entire firm size 
distribution" . 

Two studies that empirically examine the relationship be­
tween R&D intensity and the profit margin are Geroski, 
Machin and van Reenen (1993) and Brouwer and K­
leinknecht (1994). Both studies find a positive and statisti­
cally significant relationship. The study by Geroski et al. 
emphasizes a causal relationship that runs from changes in 
R&D to changes in the profit margin, but they also point out 
that the longitudinal effects are small compared to persist­
ent cross sectional differences in the profit margins. Hula 
(1988) found no statistical significant effect of profit on 
R&D. 

The variables of leverage, the ratio of net worth over to­
tal liabilities and the ratio of current assets over current lia­
bilities are included in the model in order to investigate the 
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effects of finn's financial status on R&D intensity, which 
has not been recognized and investigated in previous stud­
ies. It has been suggested that innovation must be largely 
financed internally, for uncertainty is an inherent compo­
nent of innovation. In addition, borrowing requires disclo­
sure of infonnation, and this might be a risk for the finn, as 
infonnation on new products can leak out to potential rivals 
(Kraft, 1989). The possibilities of external financing are 
taken into account by the variable LEV, which among oth­
ers shows the efficient use of borrowed capital. 

4. Data and measurement of variables 
The study is based on financial data collected from Bal­

ance Sheet and Income Statement of 150 large manufactur­
ing finns which are present in the Greek Stock Market. The 
data were obtained from the published database of Athens 
Stock Market. The financial data set covers the period 
1995-2000. 

The total number of annual observations would be 750 
(150 finns x 5 years). However, financial data for some 
finns are not available for the whole period and actually the 
data set is not complete. Given the small number of obser­
vations without data and that all these do not refer to the 
leading finns , the problem is not serious. Further these cas­
es are treated as missing values, by the econometric pro­
gram, without affecting the quality of the obtained results. 
The data for 1995 have been used in order to compute the 
growth variable. 

The dependent variable R&D intensity is measured as the 
logarithm of the ratio of R&D expenditures over sales, 
while the explanatory variables are measured as follows: 
PR is the logarithm of the ratio of gross profits over assets, 
SIZE is measured as the logarithm of total assets, GR 
Growth is measured as the ratio of finn's sales of year t over 
sales of year t-l, LEV is measured as total liabilities over e­
quity, CASL is measured as the ratio of current assets over 
short run liabilities, while NWTL is the ratio of net worth 
over total liabilities. 

The sample has been also divided into seven separate 
groups according to the industry they belong in order to in­
vestigate if the behavior of the finns, in different industries, 
in tenns of R&D intensity, is different. The R&D intensity 

Tab . 4. A verage R&D intensity for each sector ("/0) 

no of firms 1995 1996 1997 1998 1999 2000 

Textiles 17 0.130 0.020 0.080 0.070 0.120 0.240 

Metal 14 0.060 0.020 0.020 0.020 0.050 0.057 

Mining 7 0.1 70 0.012 0.090 0.080 0.088 0.088 

Food 25 0.012 0.021 0.07 9 0.060 0.122 0.086 

Plastic 6 0.990 0.440 0.430 0.360 0.380 0.340 

Wood 5 0.045 0.048 0.150 0.120 0.160 0.100 

Chemical 10 0.245 0.282 0.220 0.252 0.120 0.131 

4.7 

for the following seven groups is presented in Table 4: Food 
and beverages, Textiles, Metal products, Chemicals, Min­
ing, Plastics, Wood and furniture. As it is suggested from 
the theory, industries with higher innovative opportunities, 
larger willingness to pay for higher quality products and 
larger demand will have higher R&D intensities. In case of 
Greek manufacturing, plastic industry and textile industry 
are the two most R&D intensive sectors for 2000, with 
R&D intensity equal to 0.34% and 0.24% respectively. 

5. Method of Analysis and Results 
A number of researchers (Hsiao,1986; Klevmarken, 

1989; Solon, 1989) lists some of the main advantages of us­
ing time series and cross section data. They claim that on­
ly panel data can control for individual heterogeneity, can 
give more infonnative data, more variability, less co-linear­
ity, more degrees of freedom and more efficiency. Also 
they argue that panel data are better able to identify and 
measure effects that are simply not detectable in pure cross 
sections or pure time series data and allow us to construct 
and test more complicated behavioural models than purely 
cross-section or time-series. 

In cases where the data are time series and cross section 
the fixed effects method is used, which assumes that all in­
dustries have identical coefficients except for the intercept. 
Following Judge et al. (1988), we estimated the relevant 
statistic (F-test) for the fixed effects model which is used 
to test for the existence of the model. The estimated value 
for the F -test is equal to 7.22 which is higher than the theo­
retical value for 1 % level of significance, indicating the ex­
istence of the model. 

The use of fixed effects model does not take into consid­
eration the possible existence of endogeneity bias between 
R&D, profitability and size variables. The 2SLS method 
for the fixed effects model is used here for the estimation of 
the parameters of the R&D equation as the above variables 
could be endogenously detennined. By using both panel 
data analysis and method which take into account the endo­
geneity problem, the results are consistent and unbiased. 

Table 5 shows the results of both the fixed effects method 
(FE) and two stage least square fixed effects (2SLSFE) 
analysis with finn R&D intensity as dependent variable by 
using panel data for the 150 finns of the sample over the pe­
riod 1996-2000. 

The results are similar for both estimation procedures. 
The results show that the size of the finn has a negative and 
statistically significant effect on R&D intensity, which 
shows that large finns are willing to invest less in R&D 
than small finns . It should be mentioned here that Greek 
manufacturing finns are characterised by a rather small 
size compared with finns in other countries. However, the 
impact of size was not found statistically significant in the 
case of 2SLS method. 

Also the relationship between R&D intensity and the 
profit margin is found negative and statistically significant. 
Although the majority of the studies prove that finns with 
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Tab, 5. Factors affecting R&D intensity in Greekfirms. 1996-2000. 

Variables Fixed effects 2SLS Fixed effects 

SIZE -D.29 (-2.99)* -0.3\ (-1.50) 

PR -D.15 (-2.61)* -0.32 (-2,09)* 

GR -D.002 (-2,54) * -0.002 (-2 ,54)* 

LEV 0,002 (2.40) * 0,002 (2.46)* 

NWTL 0.008 (0.47) 0.007 (0.39) 

CASL -D.057 (-0.96) -0.06 (-D.97) 

Observations 573 568 

Ii 0,85 0.85 

Adj. R2 0,80 0.79 

SIZE -D,29 (-2 ,99)* -0.3\ (-1.50) 

• denotes statistical significance at 5"/0 level of significance 

higher profit margins will attract more R&D investment, 
theory suggests that in industries where the competition is 
low, there is limited motivation for firms to invest in R&D. 
For a long time high level of protectionism ensured high 
levels of profits to Greek firms preserving their monopolis­
tic position (Vaitsos and Giannitsis, 1987). Policy initia­
tives included development laws, trade policy for the goals 
of industrial policy (tariff protectionism), export subsidies, 
exchange rate, direct intervention for saving ailing firms, 
government procurements. Most policy tools aiming to im­
prove productive patterns and competitiveness maintained 
the productive and corporate status quo (Kastelli, 2000). 
Altogether these results seem to support the hypotheses that 
when the profits are high and the competition is low, firms 
have limited motivation for R&D. A negative and statisti­
cally significant relationship is also found between firm 
R&D intensity and firm growth, which means that fast 
growing firms are willing to spend less in R&D. 

The coefficient of leverage is positive and statistically 
significant, while the other two control variables have no 
significant effect. This result seems to suggest that most 
Greek firms that invest on R&D, use borrowed capital, or 
generally external finance. The latter can be explained in 
part by the fact that there are many European and national 
programs that subsidize an R&D project. Taking into con­
sideration also that according to a survey carried out in 80 
Greek firms (Kastelli, 2000), Greek firms would not have 
undertaken the specific R&D projects without public fund­
ing and external finance, we conclude that Greek firms use 
a combination of public funding and external finance to in­
crease their R&D intensity. 

6. Conclusions 
This study examines the variation and growth of R&D ac­

tivity across a sample of 150 Greek manufacturing firms, 
and tries to investigate the relationship between R&D in­
tensity and firm level variables such as size, growth, prof­
itability and other financial variables. This work tries to ex-
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plain the contradicting results of the literature by taking in­
to consideration the difference in technological perform­
ance of each country. 

In order to test the effects of a number of variables on 
firm's R&D intensity, both fixed effects method (FE) and t­
wo-stage least square fixed effects (2SLSFE) analysis are 
applied. 

The results show that the size of the firm has a negative 
and statistically significant effect on R&D intensity, which 
shows that large firms are willing to invest less in R&D 
than small firms, while the relationship between R&D in­
tensity and the profit margin is found negative and statisti­
cally significant, which proves that profitable firms have a 
limited initiative to apply R&D programs. A negative and 
statistically significant relationship is also found between 
firm R&D intensity and firm growth, which means that fast 
growing firms are willing to spend less in R&D. 
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Un approccio multidisciplinare 
aUe urgenti questioni bioetiche ed ecologiche, 
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