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Comparison of R&D Expenditures in Selected Countries

Abstract

This paper analyzes the level of innovation expenditures and R&D fund
sources in selected countries of the world in the period of 2000 — 2010. The issues
presented indicate significant differences between the discussed countries with
respect to the factors analyzed. The European countries at the top were
apparently Finland, Denmark and Sweden. High R&D expenditures, with
a significant share in business enterprise sector, and a large number of patent
applications reflected on the strong economic growth in these countries. The level
of R&D investments in these countries was sometimes greater than in the USA or
Japan. Dynamic growth in both R&D and patent activity has also been observed
in South Korea. Special attention has been paid in this paper to the new European
Union members — Central Eastern European Countries. Among this group of
countries Slovenia definitely had the highest position, where R&D expenditures
were the largest and the structure of R&D funds by source reflected a business-
dominance type. Estonia, Czech Republic and Hungary were the countries
‘catching up’ — where growth in R&D expenditures has been observed as well as
better dynamics of growth and higher patent activity. Romania, Bulgaria,
Lithuania, Poland, Slovakia and Latvia had relatively disadvantageous situations
in respect of R&D development and the innovative activity of business
enterprises.

" PhD., Warsaw University of Technology, The Colle§&acial and Economic Science
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1. Introduction

Nowadays, economic transformation processes leatdelerated growth
and sustainable development. Knowledge, innovatam information in
industrial processes has attained a particularifgignce in the contemporary
economy. The ability to create new knowledge andramsform it into new
technologies, products, and services results in petitive advantages for
companies and for the economy as a whole. A keg mlthe creation of
qualitative competitive advantage is played by aese and development projects.
According to the OECD (Frascati Manual, OECD 200@&search and
experimental development (R&D) include creative kgorundertaken on
a systematic basis in order to increase the stbé&kawledge, including human
knowledge, society and culture, and the use ofdtusk of knowledge to devise
new applications. All technological innovation &ittes comprise scientific,
technological, organizational, financial and comeredr steps, including
investments in new knowledge. These steps leaut @, least are intended to lead
to, the implementation of technologically new orpmoved products and
processes. R&D is only a part of these activitied anay be carried out at
different phases of the innovation process. R&2nsity (R&D expenditure as
a percentage of GDP) is used as an indicator afcanomy's relative degree of
investment in generating new knowledge.

The European Union, in the frameworks of both tieban Strategy and,
later, the Europe 2020 Strategy (called ‘A Europ8tmtegy for smart, sustainable
and inclusive growth’). made the assumption thaDR&tensity should attain the
value of 3%.

The aim of the paper is to analyze both the le¥dR&D activity and its
fund sources in selected countries and to compaeetindexes with patent
activity and innovativeness between 2000 and 2010.

The paper is structured as follows. Section twdarp the methodological
approach, key assumptions, and data used in thgsemeSection three presents
empirical results and discussion, and this sed8adivided into three part3he
first part elaborates a classification of countrieéth respect to R&D
expenditures, and also makes a comparison of eikpegglon R&D as a share of
GDP. The second part of Section three is devoteictassification of countries
with respect to the structure of R&Dnds by source. It analyzes four sources of
expenditure on R&D i.ethe government sector, the business sector, theshig
education sector, and the sector of non-profit migdions. In part three of
Section two the results of R&D activities are conted with patent and
innovation activities of enterprises in differemtuatries. The final section of the
paper presents conclusions.
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2. Research Method

The subject of interest is the analysis of the Ri&estments in European
countries and selected non-European countriegheeUnited States of America,
Japan, and South Korea. These three countriesseirbave the most significant
leaders world-wide with respect to R&Bnd patent activity.

To illustrate the similarities and divergences lew R&D expenditures in
the selected countries, the Ward'’s hierarchicasteluanalysis has been applied.
This hierarchical cluster analysis method is appatg for quantitative variables,
and there is n@ priori information about the group or cluster memberghip
any of the objects, which means that groups ort@lasare suggested by the data,
not defineda priori.

The method starts out with the assumption that yewenit (object) is
a separate cluster. Then individual objects bemegnhost similar to one another
are step-by-step combined into groups, and theepoe is continued until only
one cluster, consisting of all the observationsgfis

The Ward's hierarchical cluster analysis is congdeeffective because of
the analysis of variance approach to evaluate therttes between clusters:
objects in the same cluster are homogeneous amd ihdeterogeneity across
clusters (Ward 1963).

For the first classification connected with R&D expliture levels, eleven
variables, connected with the R&D expenditure lgwel capita over the period
2000-2010, have been applied. In the second metisien variables concerning
the period 2000-2010 have been used to charact®&B expenditure by
different sources of funds: business enterprisesemmpment, higher education,
and non-profit organizations. Thus 44 variableshaen used in the whole system.

The data come from Eurostat’s database.
The statistical analysis was recalculated usingjsitza 10 and Excel.

3. Classification of Countries with Respect to R&Expenditures

Research and development activity is of great ingmme in obtaining
quality standardsas asource of competitive advantage. The level of R&D
expenditures in individual countries is diversifiedthough a tendency to reduce

! The Author considers China, one of the world'sdatdR&D investors in 2011, as particularly
noteworthy, but the data provided for this counmtrhe Eurostat base were insufficient to include i
in this analysis.
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the differences can be observed. The -coefficieht variation for R&D
expenditures between the countries being analyzed82.57% in 2010, whereas
it had been 89.60% in 2005 and 99.73% in 2000.is(lknown that if the
coefficient of variation for any cluster is higher than 65%, thiata set is
considered as having great variability.)

The cluster analysis with respect to the level &DRexpenditures resulted
in the formation of five groups of countries. Thegeups are called clusters. The
cutting point of the dendrogram (using Ward®thod) was the node #te
linkage distance 2650, based on the graph of nsi@nde in relation to the node
steps. At this linkage distance, the first distiabtupt increase of agglomeration
distance was observed.

The dendrogram (Fig.1) analysis in terms of expenels on R&D activity
may lead to conclusion that the cluster separai®ndetermined by the
expenditure level. The countries gathered on tfieside of the tree have larger
R&D expenditure levels than those on the right side

Figure 1. Clusters formed by the countries in termsof investment in R&D activities,
2000-2010, euros
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Source: authors’ own calculations based on thedfar@012a.

The first cluster consists of Luxembourg, Finlaf@knmark, Sweden,
Iceland, the United States and Japan (Fig. 2). &leesintries had the greatest
R&D expenditures per inhabitant: from 844 euros lieland in 2010 to
approximately 1310 euros in Luxembourg. During 20060 2010 R&D
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expenditures decreased in three countries witl@rattalyzed cluster, i.e. by more
than 6% in Iceland, almost 14 % in the USA, andartban 26 % in Japan. At the
same time, the R&D expenditures increased in therainalyzed countries — by
approximately 8% in Sweden to over 78% in Denmark.

Within the analyzed cluster, Denmark, Finland amted&n managed to
achieve the level of 3% intensity for R&D investrheim accordance with the
planned EU growth strategy. R&D intensity variednfr about 3.1% of GDP in
Denmark to almost 3.9% of GDP in Finland. In Luxemly it was only 1.6 % of
GDP. Luxembourg seems to be special: this counay rfelatively low R&D
investment, but high in absolute terms and was tieatop with respect to R&D
spending per capita. The low relative share wastdube extremely high GDP
per capita. The small population of Luxembourg nsakenot representative in
terms of the EU average.

Figure 2. Expenditures on R&D activities in the 1stluster countries, 2000-2010, euro per capita
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The 2nd cluster comprises three countries, i.e.m@ny, Austria and
Norway (Fig. 3). The R&D expenditures per capitatirese countries were
relatively high, in 2010 they were between 853 sunGermany to almost 1100
euros in Norway. Between 2000 and 2010, the pageagfress in R&D intensity
varied across the countries in this cluster, irgirgaby 1.4 times in Germany and
even by 1.9 times in Austria. In 2010 R&D intens#tghieved values ranging
from 1.7 % in Norway to 2.8% in Germany and Austria
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Figure 1. Expenditures on R&D activities in the 2nctluster countries, 2000-2010, euro per capita
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The 3rd cluster contains the following countriesut® Korea, the United
Kingdom, Ireland, the Netherlands, Belgium, Fraacd the average of European
Union — 27 (EU-27) countries (Fig. 4). The expemdis in these countries
oscillated near the average for the EU-27 (490 ®per capita in 2010). The
greatest expenditures were in Belgium and the Metigs (about 650 euros per
inhabitant) and the least in South Korea (aboute4®s per inhabitant in 2008).
The increase in the expenditures from 2000 to 2¢ded from 1.3 times in
Belgium the Netherlands to 2.0 in Ireland. Relai@dsDP, the R&D intensity
varied between 1.8% (2010) in the United Kingdord &eland to 4,0% in South
Korea.

Figure 2. Expenditures on R&D activities in the 3rdcluster countries, 2000-2010, euro per capita
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The 4th cluster includes the Czech Republic, Pattu§pain, Italy and
Slovenia (Fig. 5). In all of these countries the R&xpenditures were situated
below the average for the EU-27. In 2010 the R&Peanditures ranged from 222
euros per capita in the Czech Republic to aboveedfds per capita in Slovenia.
In this group of countries R&D expenditures inceshsarious factors: from 1.5
times in Italy to 3.1 in the Czech Republic. The [R&tensity remained in
arangefrom 1.3% in Italy to 2.1% in Slovenia

Figure 3. Expenditures on R&D activities in the 4thcluster countries in, 2000-2010, euro per capita
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Source: as in Figure 1.

The 5th cluster is the largest and contains 11 tw@snhaving the lowest
R&D expenditures, i.e., Bulgaria, Latvia, Lithuanf@oland, Slovakia, Russia,
Malta, Cyprus, Romania, Hungary and Estonia (Fig. & 2010, R&D
expenditures in these countries varied from 27 ®pev capita in Romania and 28
euros per capita in Bulgaria to over 173 eurosgagita in Estonia. However,
within this cluster, in comparison to the otheitse tgreatest growth in R&D
expenditures can be observed. The growth factor20itD compared to 2000
ranged from 2.2 times in Poland to 6.4 in Estofize R&D intensity was from
0.5% (2010) in Cyprus and Romania, 0.6% in Romani&,6% in Estonia.
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Figure 4. Expenditures on R&D activities in the 5thcluster countries, 2000-2010, euro per capita
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The new EU members, which joined the bloc durirgfifth enlargement
wave (2004-2007) exhibited an awareness of the ntapoe of R&D
expenditures. The disproportion vis-a-vis Europthinithis category was quickly
made up by Estonia. In this country the growthdaétom 2000 to 2010 was the
largest. Significant growth factors could be obsdralso in Romania (over 4.0
times), Bulgaria, Cyprus, Latvia, and Malta (oved 8mes in all these countries).
In Poland, Slovenia and Slovakia, R&D expendituneseased at a slower pace —
the growth factor did not exceed 2.0 times for ¢hesuntries.

4. Classification of Countries Regarding the Struaire of R&D Funds
by Source

An important component of R&D expenditure analyisishe structure of
R&D investments by source of funds. There are fmgential sources of funds:
business enterprises, government, higher educatma, private non-profit
organizations. The experiences of many countrieswslithat the most
advantageous situation is when the greatest R&Derkfures come from
business enterprises. The studies on economic ditivgr@ess prove that the
business enterprise sector is the one that shartitipate the most actively in
R&D investment. The Lisbon Strategy assumes thatrdiation between the
business enterprise and public sector expendiumeR&D should be 2:1. It has
been pointed out (Grabski 2006, p. 34) that busirggerprise expenditures on
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R&D comprising less than 30% are specific for coest with non-industrial
economies and poor innovation activities.

On the other hand, it is also maintained (Smith 419p. 441) that
governments are obliged to maintain public indong that decide about
economic development and what may be profitableséaiety, but this obligation
can be fulfilled only when the society is not weff-enough itself to cover these
expenses.

Business sector participation differed widely asrtige analyzed countries.
However, it has been observed that in the fiestade of théwentyfirst century
the disparities in business enterprises’ share unfdifig decreased. At the
beginning of the described period, the coefficiehvariation for the mentioned
countries, regarding the business enterprise simaR&D expenditures, was
34.16% (in 2000). Five years later it was 29.41%g & 2010 it decreased to
26.24%. These values show that business enterfuisds were moderately
diversified.

R&D governmental funding was much more diverse. Thefficient of
variation for particular countries was 67.00% in0@Q0 68.34% in 2005, and
59.82% in 2010. The coefficientsf variation for the higher education sector
decreased from 55.46% in the first years to 42,96%he last years of the
analyzed decade. The greatest diversification ween dn private non-profit
funding of R&D — in this sector coefficientd variation reached over 150% in the
analyzed period

The cluster analysis with respect to R&D fundingdagtor resulted in the
formation of six groups of countries. The dendrogtzas been cut #te linkage
distance 200, based on the graph of node distanoelation to the node steps.
At this linkage distance, the first distinct abruiptrease of agglomeration
distance was observed

The dendrogram (Fig.7) analysis in terms of R&Ddung sectors may lead
to conclusion that this criterion determines clusteparation. The countries
gathered on the left side of the tree have largdd Rusiness enterprise funding
than those on the right-side.



116 Marlena Piekut

Figure 5. Clusters formed by the countries in termsof structure of R&D funding by source,
2000-2010
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Source: as in Figure 1.

The first cluster comprises two countries: Iceleamtd Japan (Fig. 8).
In Iceland, in 2009 more than half of R&D activitsas financed by the business
enterprise sector, about ¥ by the higher educadegtor, and about 1/5 by
government. In Japan, the business enterpriserstetded over ¥ of R&D
investments, while government and higher educagiarticipated in fractions
about 1/10 each. Both of these countries had hig§b Bxpenditures per capita,
although their R&D expenditures decreased over pkeeod 2000 - 2010.
In Iceland, the decrease in 2009 compared to 2@303:6 percentage points with
respect to the business enterprise sector andeBcgmage points with respect to
the government, whereas the higher education seéntmeased their R&D
expenditures by 8.6 percentage points. In JapaB0@8 compared to 2000 the
business enterprise sector expenditures on R&De&ssd by 7.5 percentage
points, while the other sectors’ share in expemeguleclined.
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Figure 6. Source of funds for R&D activities in thelst cluster countries, 2000-2010, percent
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The 2nd cluster covers the United Kingdom, Frari®elgium, Austria,
Denmark, Ireland, Sweden and Finland, and alsaded the average of the EU-
27 (Fig. 9). The shares of particular sectors waverable: the share of R&D
expenditures by the business enterprise sectoedrdrom about 61 % in the
United Kingdom and France to almost 70% in Finland.

The share of the higher education sector was betwligd and % of
abovementioned expenditures, and the governmetdrsecontributions ranged
from 2% in Denmark to 16 % in France. Comparingdtagistics from 2010 with
2000 shows that only in Austria and Denmark didlibsiness enterprise sectors
not reduce their share of expenditures, and thatege decline in these sector’s
funding activities was observed in Sweden — by [@8centage points. In six
countries (with the exception of Belgium and Swegden decrease in the
government’s share was also noted, the most signifiin Belgium, by 10.6
percentage points. The majority of countries — pkc&ustria — maintained
growth in the share of the higher education sectorging from 2.5 percentage
points in France and 3.1 percentage points in Beigb 9.6 percentage points in
Denmark.
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Figure 7. Source of funding for R&D activities in he 2nd cluster countries, 2000-2010, in percentages
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The 3rd cluster is comprised of the following coie®: Russia, the Czech
Republic, Germany, Slovenia, Luxembourg, the Uniidtes and South Korea
(Fig. 10). The share of the business enterprismiset total R&D expenditures
for these countries oscillated from about 61 % us$a to 73 % in the United
States and 75 % in South Korea. Over the perio® 20P010 both increases and
decreases of the share of the business enterpestwrsin overall R&D
expenditures were observed. The most dramatic a@sereetween 2000 and 2010
was noted in Luxembourg — by 21.7 percentage pdwoitswed by Russia — 10.2
percentage points. Decreases at the level of 2&ptage points were observed
in Germany and the United States. In the other timengrowth was noted, the
largest in Slovenia — by 11.5 percentage pointew®r in the share of higher
education sector in overall R&D expenditures waseoled in all the countries in
the cluster except Slovenia — the most significgnowth occurring in
Luxembourg, by 11.2 percentage points.
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Figure 8. Source of funding for R&D activities in te 3rd cluster countries, 2000-2010,

in percentages
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The 4th cluster is comprised of Romania and Slavgkig. 11). In these
countries the share of business enterprise seacttmtal R&D expenditures was
about 40%, and both demonstrated a fairly significghare of governmental
funds (about 1/3), with the share of the highercation sector at about Ya.
In 2010 in comparison to 2000 the share of thertass enterprise sector in R&D
expenditures decreased by 31.5 percentage poiRsnrania and 23.6 percentage
points in Slovakia. In Romania the government gebta the most significant
activity, resulting in an increase of 18.5 percgatpoints.

Figure 9. Source of funding for R&D activities in he 4th cluster countries, 2000-2010,

in percentages
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The 5th cluster contains the greatest number ohtces, i.e., Latvia,
Portugal, the Netherlands, Estonia, Norway, SpHaly, Malta and Hungary
(Fig. 12). R&D activities funded and carried out lmysinessn 2010 accounted
for 37% in Latvia up to 60% in Hungary. The mognsiicant growth factor in
the business enterprise sector share, in 2010 gechga 2000, took place in
Malta (34.7 percentage points) and in Estonia (pPértentage points). However,
in the same period of time, in Latvia, the Netheds Norway and Spain a
decline in the share of the business enterprismrse@s observed — from 2.2 to
8.4 percentage points. The share of participatfdhe higher education sector in
total R&D expenditures ranged from 20 % in Hungary1% in the Netherlands,
whereas the government sector’s share ranged &ssritthan 4% in Malta to 23 %
in Latvia.

Figure 10. Source of funding for on R&D activitiesin the 5th cluster countries, 2000-2010,
in percentages
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Source: as in Figure 1.

The 6th cluster contains the countries with thedstnshare of participation
by the business enterprise sector in total R&D edpares, i.e. Cyprus, Poland,
Lithuania and Bulgaria (Fig 13). In the first thraleove-mentioned countries, the
share of the business enterprise sector in totaD R&penditures amounted to
18-29%, while for Bulgaria it was 50%. The goverminiead a considerable share
in total R&D expenditures in Bulgaria and in Pola@é-37%), while the higher
education sector in had a considerable share huaitia and Cyprus (50-53%).
In Cyprus the share of private non-profit organaa was 13.4% in 2010.
Comparing the shares of expenditures in 2010 wiB02it can be seen that the
share of the business enterprise sector in R&D redipgres decreased in Poland
(by 9.5 percentage points) and in Cyprus (by 41@qrdage points). Apart from
Poland, there was also decline in the share of rgovent funds, from 24.2
percentage points in Lithuania to 31.6 percentamet® in Bulgaria. In Romania
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the government sector exhibited the most signifiaaerease in activity, resulting
in an increase of its share in overall R&D fundimg 18.5 percentage points.
In all the countries included in this cluster, tligher education sectors increased
their shares in overall R&D funding: from 1.3 pertage points in Bulgaria to
24.8 percentage points in Cyprus.

Figure 11. Source of funding for R&D activities inthe 6th cluster countries, 2000-2010, percent
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It can be concluded that countries on the left siffthe dendrograms had
higher R&D expenditures per capita and exhibitegtesmter share of the business
enterprise sector in R&D expenditures. The leadigition and the models
among the European Union countries were Denmarkd8wand Finland. These
countries, at the beginning of the analyzed decal®mwed high R&D
expenditures, together with significant share @ blusiness enterprise sector as
a funding source. Gradual growth in R&D expendiuire the above-mentioned
countries made these countries, in 2004-2005, cmabjgmto Japan and The
United States with respect to R&D spending pertea@ermany and Austria also
have a high level of R&D expenditures. In South é&rbecause of the large
population R&D expenditures per capita are on #well similar to UE average,
but the absolute value of R&D expenditures wasigt thevel. In addition, the
ratio of R&D spending to GPD and the share of thsitess enterprise sector in
R&D expenditures made this country one of most dyinan the world.

The countries on the right side of the dendrograax relatively smaller
R&D expenditures and less advantageous sharesdiniy sources, i.e. smaller
shares of the business enterprise sector in R&Rrekifures. In order to increase
the competitiveness in these countries the busieetsrprise sector should
become significantly more committed to R&D investiheFortunately, some
changes can be observed in this group of counffigsexample the contribution
of the business sector increased more rapidly titmagovernments’ contributions,
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and the dynamics per capita, starting from 200@remsed considerably in
Estonia (1421% in business sector and 295% in gowent sector), Bulgaria
(747% and 177% respectively), Lithuania (427% aB8P4), Hungary (382% and
202%) and Cyprus (247% and 127%).

In Portugal, the share of the business enterpeisisin R&D expenditures
increased 4.6 times, while the share of governnigmiing declined by 25%.
However, in several countries the net growth dyicamiere negative with respect
to the business sector, i.e. the increase in bssi@sterprise expenses was smaller
than the government’s, for example in Romania (eggere dynamics per capita
in 2010 related to 2000 were 817 % and 222%, réisedo, in Slovakia (354%
and 186%, respectively), Latvia (317% and 284%peetvely), and also in
Poland (245% and 163%, respectively). The reasinsituation could not be
improved in Central and Eastern European countvéesusually the bad financial
condition of companies (Piekut 2011a).

5. Patents and Innovative Enterprises

One of the key determinants in the effectivenes®&D activity is the
innovative performance of countries and firms, esdly reflected in patent
applications. The correlation between the numbgratént applications and R&D
expenditures was 0.8857, and between the numbeateht applications and the
R&D intensity - 0.8890. An analysis of the patepplécations filed in European
Patent Offic(EPO), computed per one million inhabitants in antoy, showed
that in 2010 the top position in the ranking wasumied by Sweden, with 300
patent applications per one million inhabitantdlofeed by Germany, Denmark
and Finland, within the range of 220 to 270 patgplications per one million
inhabitants (Eurostat 2012b). The next categorth wwer 130 patent applications
per one million inhabitants, was made up of Belgidfmance, Luxembourg,
Austria and the Netherlands. In Lithuania, Lat@&vakia, Poland and Portugal,
the ratio of patents to one million inhabitantsgaah from 6.0 to 10.7. At the
bottom of the ranking were Bulgaria and Romaniathwonly 1.9 patent
applications per million inhabitants. This confirntee thesis that higher
investment in R&D activity results in a greater ragnof patent applications.

Among the non-European countries, the greatest aundf patent
applications filed at EPO in 2008 (no data was lakée for subsequent years)
came from Japan (over 148 per million inhabitaats) from the USA (about 97
per million inhabitants). The case of South Koreasvsingular. The absolute
number of patent applications ranked this countryeaenth place among all the
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analyzed countries. However, dividing this number million inhabitants gave
South Korea a position below the EU average, dits targe population.

Regarding the patents filed at The United StatderPeand Trademark
Office (USPTO), the United States achieved thedegubsition with 265 patent
applications per million inhabitants in 2006 (Eued<2013). In second place was
Japan (261 per million inhabitants), South Koreaupied third place (185 per
million inhabitants). Among the EU countries, tireatest activity at the USPTO
was exhibited by: Finland (115 per million inhabis), Sweden (112 per million
inhabitants) and Germany (99 per million inhabgdntin 2006 the smallest
number of patents granted by USPTO came from PpRodugal, Romania and
Lithuania, with only 0.9 — 1.0 per million inhakitzs.

It is worth mentioning that a unitary patent préi@c system is to be
adopted under the EU's legislative procedure. Tiy éento force of this Act will
reduce the competitiveness of companies in countsith low patent activity
(Nowicka 2011 pp. 85-86). This policy of the umtgratent protection will be
most advantageous for the countries that are higtilyanced in technology and
have a great number of patents coming from busieessprises. In the countries
of former Eastern European bloc, economic actwity be restricted by property
rights. Their domestic business enterprises willehdo take into account
complaints alleging infringement of patent righigcause — in contrast to the
current situation — the patent descriptions wilt be accessible in their native
languages.

One of the indicators illustrating a country’s deygnent level is, apart
from R&D investments and the number of patents, share of innovative
business enterprises in the overall number of legsies. Information on the
innovativeness of different sectors and regionscadected by Community
Innovation Surveys (CIS) throughout the Europeaniobdn The correlation
between the number of innovative firms and R&D expire was 0.5874, and
between the number of innovative enterprises anB infensity - 0.6655.

CIS surveys have shown that the largest percentafgennovative
enterprises are in Germany (over 79%). In Luxemfpoleeland, Belgium and
Portugal at least 60% business enterprises areidened innovative (Eurostat
2012c). Unfortunately, there are no data for Jaga|USA and South Korea, so
comparison of these indexes with the data for Elthtrées is not possible.

According to Grabski (2006, p. 34), the main inrtawa indicator and
economic stimulator is the amount of innovation R&Rpenditures made by
business enterprises, not by government. For therityaof countries with a high
share of innovative enterprises, high R&D expenddguvere also observed, with
at least one-half coming from business enterpresztos. The only exception is
Portugal, but still a profitable dynamic of growththe business enterprise sector
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in R&D investment was observed in this country. Tdwest share of innovative
enterprises were found to be in Bulgaria, Polaratyin, Romania, Hungary and
Lithuania — with levels ranging from only 27% to &b

The concept of open innovation has grown in pojtyldroth in business
practice and in the academic environment. This eptcelaborated by Henry
Chesbrough (2006 p. 16), should be spread to ttiepganeurs in the EU so as to
raise the level of their innovative activity. Theaim focus of the concept is the
importance of analyzing a company’s business ndaaerprises should use their
own ideas in order to acquire inventions or intglial property from other
companies to advance the business model. They cladsb spread their own
knowledge by the sale of licenses, and create ctasehen added values
expected to bgeneratedThe openness of innovative activity and making the
good use of intellectual property all over the wlorhay be considered as
excellent factors for stimulating less developednetnies and intensifying their
growth, so that the current differences betweemt@s could be reduced.

6. Conclusions

The issues presented and discussed above indicagsificant
diversification in both the level of R&D expenditgr in different countries and
their sources of funding. The top European cousitaiee Finland, Denmark and
Sweden, in which R&D expenditure levels are simitarthe United States and
Japan. High R&D expenditures, together with a diggnt share of business
enterprise sector funding and large number of padgplications reflect the
strong economic development in these countrie Ssrmany and Austria must
be considered successful, as they are countrieshwtave increased their R&D
expenditures year after year, with meaningful pgsétion of the business
enterprise sector, and occupy a high position imgeof the number of patent
applications processed through the grant procedue®Q Dynamic growth was
also observed in South Korea, both with respedtstaapid increase in R&D
expenditures and growing number of patent apptioati which together place
this country among the world’s leaders.

Romania, Bulgaria, Lithuania, Poland, Slovakia &madvia are countries
with relatively disadvantageous situations withpexg to both the pace of R&D
growth and innovative activity by business entesgsi Among the eastern
European countries, the highest position is defipibccupied by Slovenia, where
R&D expenditures are the largest and the sharedumding sectors more
advantageous. Estonia, the Czech Republic and Hymgay be considered as
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countries which are catching up — growth in R&D exgitures can be observed
there, as well as better dynamics and higher patsivity.

The conducted research has shown that it is negetsancourage the
entrepreneurs in Central and Eastern Europe to dre mtensely involved in
R&D activity. They must be aware of the importarafeR&D activity to the
development of their enterprises. This can helpmthattain better market
positions. EU funding may be of great assistansdt aan support science and
technology in connection with business developmeaitd highlight the
experiences gained by innovation leaders, whickakthat the main determinant
for the innovative activity of business enterprisaad the economy is
strengthening the connection between R&D and bsasirsectors and creating
cooperative alliances (Piekut 2011b). EU funds roffee opportunity to obtain
financial support for various forms of cooperatidietween business and
technology (science), as well as for the legalgmtdn of innovative solutions.
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Streszczenie

POROWNANIE NAKEADOW NA DZIALALNO $C B+R W ROZNYCH
KRAJACH

Celem artykutu byla analiza poziomu i struktury afisowania dziatalngci
badawczo-rozwojowej w wybranych krajach oraz slamtbwanie tych wskaikow
z aktywnécig patentow i innowacyjndécig przedsgbiorstw. Okres badawczy stanowity
lata 2000-2010. Do zobrazowania podotstwv i r&nic w nakladach na dzialaldé B+R
pomidzy analizowanymi krajami zastosowano arabkupiet metod Warda. Poziom
finansowania dzialalnci B+R polaryzuje Europ Kraje Europy Poinocnej
i Europy Zachodniej charakteryzujwicksze naklady na B+R i wkszy udziat
przeds¢biorcow w finansowaniu tych dziataKraje bedgce w czotdwce to Finlandia,
Dania i Szwecja. Korzystne wyniki @3ajg tez Niemcy i Austriacy. Rumunia, Butgaria,
Litwa, Polska, Stowacja, totwa i afry to kraje z relatywnie niekorzysgtrsytuacy
w zakresie rozwoju dziataldoi B+R i innowacyjnéci podmiotéw gospodarczych.
Spordéd krajow wschodniego regionu zdecydowanie€sagy pozycje w tym konfele
zajmuje Stowenia. Realizacja celéw polityki UE wvelwikrajach jest jeszcze odlegta.
Dalsze analizy powinny koncentrofvsie na znalezieniu optymalnego poziomu inwestycji
w B + R w rénych sektorach.



