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Abstract: The analysis focuses on assessing the impactaiciand innovation
policy on increasing business research activitypresented by the measure of
business expenditure on research (BERD). The stodgentrates on the impact of
direct and indirect funding instruments. The effeof public intervention were
examined basing on the pursued policy and the cgsrievel of innovativeness in
21 countries. In order to build aggregate variabtefsdirect and indirect financial
flows, the procedure of principal components wagqgomed. Correlations be-
tween these variables and business sector activétye examined. The procedure
of hierarchical clustering allowed to determine gps of countries which used
similar policy instruments and experienced the salyresamics of BERD expendi-
tures. The aim of such clustering was to highligasic types of relations between
the policy pursued and the activity of businessogsedhe study allowed to deter-
mine that direct funding has a significant effentinocreasing BERD expenditures
and is decreasing with the growing intensity ofstheutlays. The relation for indi-
rect funding was found to be more complex. Thergsitg of country’s tax incen-
tives for R&D was proved to be dependent on thel lef/innovativeness of busi-
ness sector and was represented by an invertedapeshcurve. The level of inno-
vativeness was also found to have a stronger impadbusiness sector research
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activity than the policy pursued by a country. Basicommendations on research
funding policies were built based on the perforraadlysis.

Introduction

Both economic theory and empirical analysis emgeagie importance of
knowledge in the process of economic growth (Grés, 1979; Romer,

1990). Innovativeness is a key factor of produttigrowth and in the pro-

cess of strengthening country’s competitivenesss iea is a central con-
cept in the model of Knowledge-Based Economy (KEfEppted by many

European and world economies. The KBE model dessribsystem based
on intensive application of innovation in productiorocesses, in which the
competitiveness of a country is determined by itsmén resources,

knowledge and technology. The model emphasizesettgagement of

business sector in funding and performing reseashyell as adoption of
innovation in the professional activity of companie

A target of private sector’'s expenditures on reseand development
(BERD) intensity in GDP has been set at the le¥e2% by many world
economies, including European Union (European Casion, 2010). In
practice, a varied level and dynamics of BERD exiteres is observed
across the European countries and in the worldoltieg to Eurostat,
a stable growth of BERD expenditures in relatiofGIDP was observed in
Denmark, United States and Japan in recent ye@32{2011). In other
countries, like Sweden, Luxembourg, Romania, andskuy this intensity
decreased. An irregular dynamics of BERD intensitys observed for
France, the Czech Republic, Slovakia, Croatia arakl. These diversified
observations raise a question on the effectiveakssience and innovation
policy in the countries pursuing the KBE model, @¥his aimed, among
others, at raising private funding of science. fhestion on the effects of
public intervention appears to be of high imporggras one can observe an
increase of public investment in research and dg@weént in the last dec-
ade. According to Eurostat, only in the EU coustpeblic expenditures on
research has grown from 133 EUR to 170 EUR pernt@apietween 2002
and 2010, what is a 0,5% growth in relation to Gibkhe EU.

Economic theory states several reasons for putievention on R&D
market. The regulating institutions are engagetliing research activi-
ties in order to satisfy the needs of the societkimowledge development
when these needs cannot be met by private invegt@sly in such sec-
tors as: defense, public health, education) (Skpo& Taylor, 2011).
Moreover, the allocation of funds on research isamimal due to peculi-
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arity of the R&D market. According to Arrow (1962nperfect appropria-
bility and diffusion of knowledge beyond control thfe inventor implies
that private rate of return to R&D is lower thag thocial rate of return. The
difference between these rates should be compehisate regulating insti-
tution in a process called spillover effect, in @hithe knowledge is dis-
seminated to a socially optimal level. Arrow aldairos that high risk of
research discourages firms from engaging in fundihdr&D, therefore
public policy should apply instruments of encouraget.

One of the objectives of science and innovatiofcgads to increase the
engagement of business sector in the R&D markétli¢untervention can,
however, lead to an ineffective situation when ithpact of the policy is
not optimal. Ineffective public intervention caroad out private invest-
ment in research, when additional funding shifes demand curve to the
right and therefore raises the cost of knowledgar{Ralter & Wolf, 2004).
A higher cost of research makes knowledge lesactitte to private inves-
tors, who spend their money on other, cheaper giostisad. Moreover, an
inappropriate allocation of public money can substi private funding
instead of stimulating its investment (by fundiregearch that would be
performed anyway). It is also often claimed thag artervention leads to
a less effective situation than one caused by mdokees (por. Guellec &
van Pottelsbergue, 2003). In this context an irszes public spending on
R&D can cause an opposite to the expected effect.

The aim of this study is to analyze the influen€science and innova-
tion policy on business sector R&D activity. In sequence, an occurrence
of such influence will determine the effectivene$she analyzed policy in
the observed countries. The study was conductemhdoas science and
innovation policy data for 21 countries in the tiperiod of 2003-2008.
The first part of the article introduces the chgegstics of funding instru-
ments of science and innovation policy. Next, datd methods of con-
struction are presented. The analysis of the quading results within the
constructed models is introduced in the third p&the article. The conclu-
sions present the implications of the study atl¢lrel of science and inno-
vation policy.
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The analyzed instruments
of public intervention

The intervention on R&D market is supported by aevrange of policy
instrument§ For the purpose of the study, the analysis has Becused on
financial instruments which can act as a stimutusR&D activity of busi-
ness sector. These instruments can be classifteddinect and indirect
funding.

Direct funding instruments may directly addressimess sector (by
means of government funding on research perforrgdalibiness sector) or
publicly funded knowledge can be transferred to manes as a result of
a spillover effect (by means of government fundimgresearch performed
by research entities). This regards the situatitverwpublicly performed
research (both basic and applied) is transferrdaisiness sector to provide
the basis for later application. Indirect R&D fungiis executed in the form
of tax incentiveSand can take three forms: tax credits (flat oréntental
credits), tax deductions (standard or super deolEtdr accelerated depre-
ciation), and tax holidays and reductions.

Each of these instruments has a different effe¢hergrowth of innova-
tiveness and is aimed at solving different probleagarding R&D sector.
Direct funding enables regulation of the way reseas conducted and is
often used to stimulate cooperative research. Bbisvity is aimed at
strengthening the network between research institsitand firms in order
to stimulate knowledge and technology transfere@ifunding also reduc-
es the high risk taken by private business whilesting in research, and
encourages innovative investment. Moreover diragtding generates
a value added. However, direct funding comes inféie of recognition
and is often criticized for picking the winners.xTiacentives lack this fea-
ture, they are available to any business thateswut innovative activity.
They are also considered to be more durable thactdunding, which is
usually periodic and does not guarantee a coniomuaf research after the
grant contract expires. Tax incentives can alsmcittforeign capital by
creating a favorable environment for innovativeibess. This instrument
is used to support the competitiveness of singlapamies while direct
funding creates more opportunity to cause a sgl@ffect.

! Six main science and innovation policy instrumenypes can distinguished: legal in-
struments (legislation), financial instruments,titasional instruments, infrastructural in-
struments, structural instruments and trade instnis(Technopolis, 2004).

2 studies show that tax incentives stimulate thevitoof private research expenditures
(Gullec & van Pottelsberghe, 2003; Falk, 2004; Bto& Griffin, 2001).
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Empirical data used in the analysis

The analysis was conducted based on quantitatitae alailable in public
statistics. The measure of business sector R&¥ictvas represented by
business expenditures on research (BERD). Scientieypreflected in
direct funding was represented by three measunasdifrg intended for
firms that conduct R&D was expressed by the meastipublic expendi-
ture on R&D performed by business sector (GOVB)e $tream of public
funding intended for both basic and applied reseaonducted by research
institutes and higher education sector was expdesse¢he measures of
public expenditure on R&D performed by the pubkcter and the public
expenditure on R&D performed by the higher educasiector (GOVGH).
The research activity of higher education institnéi was introduced by
higher education intramural expenditure on R&D (HBR

Indirect funding strategies, reflected in the lewktax incentives for in-
novative firms were represented by measures ofstdsidy ratio (1-B-
index). The B-index represents the before tax rate tfrmeon one mone-
tary unit of investment on R&D, whereas the taxssuy ratio is the pro-
portion of one monetary unit of R&D expenditurettiasubsidized by tax
incentives. In other words, the higher the tax glybsatio, the more gener-
ous the tax incentiVeDue to varied tax regulations, tax subsidy ravese
calculated for both small and medium enterprisé4HS) and large firms.

Varied R&D policies will be pursued by innovativeuntries with
a high research activity of the business sectortgncbuntries that are still
developing their scientific base and introducing BE model. Certain
policy-mix® can be therefore more effective in some counttias others.
For this reason the variables that help to ackndgéehis difference in the
policy-mix of various countries were introducedtire study. In order to
express the level of a country’s business sectaviativeness the measure
of BERD intensity in GDP was introduced. In orderbroaden the analy-

3 The B-index is a measure of fiscal generosity tolwaR&D. It is computed as the pre-
sent value of before-tax income necessary to dibwemitial cost of R&D investment and to
pay the corporate income tax, so that it becomefitgble to perform research activities. It
is a kind of average effective rate of taxatiorR&D (Warda, 2001). It does not include tax
holidays nor tax reductions.

4 Negative values of tax subsidy ratio reflect eashere there are no tax incentives and
capital assets employed in R&D cannot be writtehirotthe year they were incurred, but
rather are depreciated over time (Warda, 2001).

SAccording to European Commission policy-mix isideél as the set of policy actions
taken by governments in the field of R&D which tel#éo challenges in the national innova-
tion system (NIS) (CORDIS, http://ec.europa.eu/med@policymix/page.cfm?pageid=164).
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sis, the intensity of all direct funding measumne$sDP was included in the
study.

The data used on direct funding came from Euraktttbases and cov-
ered information on 21 countrfem the time period of 2003-2008. Based
on this data, measures of dynamics of financialt$levere constructed (as
difference in logarithms of the expenditures). Theasures of tax subsidy
ratios were calculated by OECD for the year 2008.

Modeling the effects
of science and innovation policy

The influence of single instruments of science amdvation policy (ana-
lyzed for different time delays) on business seeidivity is not reflected
in the measures of causality (see Table 1). Botardea’'s linear and
Spearman’s monotonous correlation measures shdwofaar a very weak
relation between the pursued policy funding measarel the R&D fund-
ing activity of business sector. This result candbserved for both the
delayed values of the analyzed processes as wHieadive-year average
change. As a consequence, an application of ecdriommeodeling for
measuring a linear (or linearized) influence ofguad policy on the activi-
ty of business sector is not possible. In ordeartalyze the direction and
strength of the mentioned relations a structuread daalysis has been ap-
plied.

The aim of applying structured data analysis isl&ssify the analyzed
countries by the pursued policy and the level &aifveness of their busi-
ness sector. This will allow to determine main tiela types between the
influence of intervention on the level and dynana€business sector R&D
activity.

Diversified levels of analyzed measures for the itooed countries
hamper the analysis of the effectiveness of simg&uments. Therefore,
assuming that the configuration of the levels dlgred indicators defines
the research funding policy of the observed coestand in order to visual-
ize both the information set and the relations lkeetwthe observations,
aggregate measures of policy-mix were built with phincipal components
analysis. This operation allowed to visualize thseyvations of pursued
policies measures in a two dimensional space. Kmaaed dimensions
(components) reconstructed 74% of common varigbdit the inputted

% The selection of the countries for the purposthisf analysis was based on data avail-
ability in order to obtain complete time seriestioe time period of 2003-2008.
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information set. The matrix of coefficients aftexrimax rotation, describ-
ing the binding of the analyzed measures with threstructed components
is presented in Appendix 1.

Table 1.Person’s (P) and Spearman’s (rho-S) correlatiofffic@nts between the
dynamics of BERD expenditures and the instrumehfsucsued science and inno-
vation policies

Dynamics of | Dynamics of Dynamics of
higher public public expendi- )
%‘_3':?/ education |expenditure on| ture on R&D in | Tax subsidy ratio r;t?c;( fi)lﬁklj:rg)é
009/2 intramural R&D in busi- |public a}nd higher for SMEs firms
008) expenditure on| ness sector |education sectorg
R&D (HERD) (GovB) (GOVGH)
P rho-S P rho-S P rho-S P rho-S P rho-S
T 0,33| 038 | 041 | 0,31 | 0,33 0,33 0,11 0,25 0,25 0,34
T-1| -08 | -0,12| -0,01| 0,20 | 0,24 0,43 0,16 0,07 0,28 0,16
T-2|019| 034 | 0,11 | 0,20 | 0,13 0,13 0,36 0,38 0,34 0,19
T-3|-032| -0,34| 0,15 | 0,14 0 0,16
T-4|-027| -0,21| 0,14 | 0,31 | 0,18 0,33
5 yea Lack of data
aver-| 0,24 | 0,40 | 0,23 | 0,16 | 0,29 0,33
age

Source: author’s calculations.

A visible polarization of the coefficients’ valuas the model was ob-
served. The indicators of tax subsidy ratio for SM#ad large firms were
bound with the first component with high valuescogfficients and with
the second component with low values of coeffidend inversely, the
indicators describing the dynamics of the expemégwn research (GOVB,
GOVGH and HERD expenditures) were bound with tremsd component
with high values of coefficients and with the ficimponent with low val-
ues of coefficients. This result allowed to inteftpthe obtained model by
dividing the observed policy measures into indifeciding (first extracted
dimension) and direct funding (second extracteckdision) components.

The distribution of science and innovation poligessued by the ana-
lyzed countries in the new layout is presentedigaré 1. The countries on
the right side of the diagram are characterized high level of application
of tax incentives within their science and innowatipolicy (ex. France,
Spain), whereas the countries on the left side leasie of or apply a very
low level of such indirect instruments (ex. Luxemlm Russia, Slovakia,
Poland). In a similar way, the countries on the ddthe diagram have ex-
perienced growth of direct R&D funding (ex. Turkelpussia, Luxem-



16 Marta Magdalena Roszkiewicz

bourg) and the countries in the lower part of tiegkhm share a slower
growth or a decrease of direct funding (ex. Japamted Kingdom, the
Netherlands). The countries for which a moderateadyics of direct fund-
ing as well as moderate level of indirect fundingtiuments was observed
were located in the middle of the diagram.

Figure 1. Distribution of funding instruments of science aimdiovation policy
pursued by the analyzed countries in a two dimewgispace
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Basic relations between extracted dimensions aadetrel and dynam-
ics of BERD expenditures were discovered basingneasures of causali-
ty. Not all statistically significant dependenciiiscovered in the data have
an economic interpretation, but the obtained resar in accordance with
basic expectations (see Table 2).

Table 2. Measures of causality between analyzed variablddwan extracted prin-
cipal components

Variable First component Second component BERD dymaics
Correlation coefficient Pearson SpearmarPearson| SpearmanPearson | Spearman
BERD dynamics 0,05 0,05 0,34 0,41 1 1
BERD intensity in GDP -0,05 0,02 -0,5 -0,46 -0,38 0,57
HERD intensity in GDP 0,32 0,58 0,01 -0,13 0,04 080,
GOVGH intensity in GDR  -0,13 -0,04 0,06 -0,04 -0,23 -0,33
GOVB intensity in GDP 0,29 0,27 -0,54 -0,47 -0,34 0,37

Source: author’s calculations.

In the analyzed data the influence of direct R&MDding on business
sector activity was proved to be of moderate sttenghe dynamics of
direct investment, however, appear to be lowehedountries with higher
business sector innovativeness, as a significagative correlation was
discovered between these variables. This result Ineagt consequence of
a less classical approach towards policy instrumentountries with high-
er BERD intensity (see Figure 2). These counte@sh for more advanced
and complex funding instruments that are betteteduior their business
sector needs and goals. Such support for busimetsr R&D activity is
more often applied by means of instruments thatrgyraihers strengthen
intellectual property rights or are based on ventapital. This result may
also suggest the existence of a catching-up proafe®e less innovative
economies. Moreover, the measures of causality slaseved that this rela-
tion is stronger than the influence of pursued R&ding policy on
BERD dynamics.
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Figure 2. Relation between direct funding component and BER&nsity in GDP
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Source: author’s calculations.

An interesting result was observed for the indifeciding component
and the variables measuring the level of busines$os innovativeness.
The values of Pearson’s and Spearman’s correlatiefficients confirm no
linear nor monotonous dependency. However, théioalbetween indirect
funding component and the level of BERD intensity GDP (logarith-
mized) was represented by an inverted U-shapedecunvthe obtained
result, low values of the component were obsereedhbth the countries
with very low and the countries with very high mess sector innovative-
ness. Moreover, the countries with a moderate iatieeness level of their
business sector were characterized by a high valugee indirect funding
component. This result suggests that for the ardlgata the effectiveness
of indirect funding instruments was dependent anlével of a country’s
business sector innovativeness.

Golbergat al. (2011) state that less innovative countries raa@igly in-
direct funding within their science and innovatipalicy’. A construction
of effective policy instruments requires a good enstanding of business

" The World Bank (Golbergt al., 2011) state four reasons for low effectivenestanf
incentives in less innovative countries. First,iact funding is not an attractive instrument
for start-ups that have yet not accumulated anytalap/oreover, in countries where the
collection of taxes is not always effective, pramglindirect funding instruments may cause
tax evasion. The total management cost of tax inanis hard to estimate and therefore
can exceed initial expectations. Finally, tax inoes are not an effective instrument for
building R&D networks, which should be one of theéopties of science and innovation
policy in less innovative countries.
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sector R&D needs, as well as a mature institutidresle to manage such
instruments. For this reason, in countries thatratbe process of entering
the KBE model that share a less adolescent cutttipublic institutions,
effective management of indirect funding instrunsaatdifficult.

More innovative countries often apply indirect fimglwithin their sci-
ence and innovation policies, which can explaindb&ined result of high
values of first extracted component for countrigghwnoderate level of
BERD intensity in GDP (see Figure 3). Moreoveryewgh in the populari-
ty of these instruments has been noted in OECDtdesrin the last years
(OECD, 2011). However, in 2009 the countries likexido and New Zea-
land decided to withdraw tax incentives from theirence and innovation
policy®. This decision was caused by high costs introdoctf such in-
struments. Diversified policy instruments in inntiva countries are there-
fore a result of adjustment of regulations to ecoicoconditions of these
countries.

Figure 3. Relation between indirect funding component aERB intensity in
GDP

Source: author’s calculations.

The mentioned cost can be also a cause of loweresit in indirect
funding instruments of most innovative countriessiall profitability in
relation to already high innovativeness confrométti the expected cost of
introducing tax incentives by a country may stascha counterargument.

8 The cost of introducing tax incentives can be \régh or may be difficult to estimate
The estimated cost of introducing tax incentive®Naw Zealand was at the level of 0,06%
GDP, such estimations for Mexico are unknown.
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In the analyzed data, Finland and Sweden werevibecbuntries consid-
ered to be of high innovativeness (in 2008: BERD,6% GDP in Finland
and 2,1% GDP in Sweden; source: Eurostat) thatndidapply indirect
funding’. This fact could be explained not only by the rimmd cost-
benefit arguments but also by already favorableditimms for business
activity in these countries and different directmfitheir science and inno-
vation policy aimed at supporting high level of ramcapital and a highly
qualified work force in their business processes.

The observed strong monotonous relation betweetiirdtecomponent
and the intensity of HERD expenditures in GDP dustshave an economic
interpretation.

In the second step of the study, structured datdysis was applied to
the extracted components of direct and indirectlifugn and the measures of
BERD dynamics and its intensity in GDP for the gmatl group of coun-
tries. The procedure of hierarchical clustering wasducted using two
grouping methods. The aim of such clustering wakighlight the basic
types of relations between the policy pursued #&edaictivity of business
sector by dividing the set of countries into groopsommon profiles.

The hierarchical clustering procedure with singlikkdge method al-
lowed to obtain a ranking of similarities of theofdees of analyzed coun-
tries. The result in the form of a dendrogram dgbresented on Figure 4.
The obtained result implies that the most simileofie of the analyzed
measures was shared by the Czech Republic andgBb(tinaracterized by
a high level of direct and indirect funding, a made level of BERD inten-
sity in GDP and an increase of these expendituessyyell as the Nether-
lands and the United Kingdom (characterized bygh hével of indirect
funding and a decrease of direct funding, as welh alecrease of BERD
expenditures).

® Fiscal incentives introduction has been a topipudflic debate in many countries. As
aresult, many countries (ex. Germany, Switzerldral)e decided to introduce this instru-
ment. In 2012 both Finland and Sweden have intreddax-incentives to their science and
innovation policy.
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Figure 4. Plot of dendrogram with single linkage method
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On the other hand, application of hierarchical telting procedure using
Ward's method resulted in determination of groupsimilarities accord-
ing country’s business sector innovativeness @ @frid its policy-mix. The
result in the form of a dendrogram plot is preseme Figure 5.
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Figure 5. Plot of dendrogram with Ward’s method
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The procedure disclosed an existence of five grafigountries which
were distinct in respect of the analyzed features.

The first group included countries with a simultane growth of direct
funding and a very high level of indirect fundirth€ level of indirect sub-
sidies varied between 27% and 43%). This groupsifiaed the countries
for which a growth of business sector R&D expemréguwas high, inde-
pendently on the level of BERD intensity in GDPisTtluster included the
following countries: Portugal, Spain, the Czech l#jgc and France.

The second group gathered countries that did ry &&D tax incen-
tives or applied them on a very small scale, buetexperienced growth of
direct funding on R&D. The growth of direct fundingas not observed,
however, in all three expenditure flows (i.e. GOMB)VGH, HERD) ana-
lyzed within the second extracted component. Thister included Poland,
Slovakia and Russia, which were countries withrg \@v BERD intensity
in GDP, but have experienced a growth of theseagsitlAlso Luxembourg
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was classified within this group with much higheERD intensity (1,3%
GDP), but with almost no dynamics (a low decreaxepusiness sector
R&D expenditures.

The third group classified mostly highly innovatiseuntries (with high
BERD intensity in GDP: Japan 2,7%, Finland 2,6%ut8d<orea 2,45%,
Sweden 2,12%, United States 1,81% and Belgium 1)24Pich experi-
enced a mixed dynamics of BERD expenditures. Thaumg classified
countries that shared a slow increase of dirediighto R&D with (except
for Japan that experienced a decrease in all adlgxpenditure flows).
The countries in the cluster shared a varied paityR&D tax incentives.
Finland and Sweden did not apply tax incentiveshiwittheir policies,
whereas the rest of the countries classified ia group applied indirect
funding instruments (with Japan and South Koreaiishahe level of tax
subsidy ratio of about 16%).

The forth group gathered countries with a modelatel of business
sector innovativeness that all applied tax incestiin their science and
innovation policy (for some the level of tax sulysidtio was high and
ranged around 20%: the Netherlands, the United dGngand Norway).
The countries classified into this group have egmeed a decrease or
a very small increase of direct funding to R&D. Theersified policy-mix
in the analyzed cluster resulted in varied dynamicBERD expenditures
(with growth noted for Italy, Ireland, Norway andugtria and a decrease
for the United Kingdom and the Netherlands).

The fifth group consisted of only one country (Hey), which pursued
a very intensive policy of direct R&D funding (tHeghest growth of
GOVB and HERD expenditures in the analyzed grougoaintries). In this
case, tax incentives were also very favorable gtésidy ratio at the level
of 22% for both SMEs and large firms). Although Key had low BERD
expenditures intensity in GDP (0,34% GDP), the dghoof these outlays
was very high in the analyzed period of time.

To conclude, three of the groups obtained in hidviaal clustering pro-
cedure were characterized by a growing dynamidBERD expenditures
supported by either a growing direct funding orighhlevel of indirect
funding (or both). This relation was detected fae first group, the second
group (except for Luxembourg), and the fifth grqliprkey). The third and
the fourth group classified the countries withyvdiversified policies and
diversified results of BERD dynamics. Most of théad already achieved
a high level of business sector innovativenes®ctt in the intensity of
BERD expenditures in GDP. The results for theseigsadid not allow to
make unambiguous conclusion on the policy influese@ERD dynamics.
For the other groups, the expected impact of thieyppursued was noted.
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Moreover, the analysis of obtained results, shotlvathigher effectiveness
of R&D funding policy was observed for the coundrigith more polar
levels of BERD intensity in GDP (see Figure 6).

Figure 6. Clusters of countries according to science andvation policy pursued
and the dynamics and level of BERD expenditures
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Source: author’s calculations.

Conclusions

The analysis conducted for the selected group ahtties for the time
period of 2003-2008 showed that direct funding had a moderate influ-
ence on business sector R&D expenditures dynamidsavas found to be
decreasing with growing intensity of these outlayse generosity of coun-
try’s fiscal incentives on R&D was proved to be degent on the level of
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innovativeness of business sector and was repeskdmt an inverse U-
shaped curve.

Moreover, the analysis has showed that the infleevicthe level of
business sector innovativeness on business se&® fnding was
stronger than the influence of the pursued R&D inggolicy. This result
may be a reflection of more innovative countriesidency to adopt differ-
ent, more advanced R&D support instruments.

The hierarchical clustering procedure allowed toldba ranking of
countries based on the similarity in R&D fundingfile and its effective-
ness. Moreover, it allowed to determine groups aintries with visible
influence of their pursued policy on business ge&&D activity. This
analysis showed that the influence of pursued ypabic business sector
R&D outlays dynamics was more visible for countriggh more polar
level of business sector innovativeness. The cmmwith lower intensity
of BERD expenditures in GDP generally demonstratddgher dynamics
of direct funding on R&D, but have rarely appliedlirect funding instru-
ments. Tax incentives have been generally moreteféein the countries
with higher business sector innovativeness, buhécase of innovation
leaders have not always been an optimal instruteestipport innovative-
ness.

The conducted analysis allowed to state that tfez@feness of science
and innovation policy instruments is determinedthg level of country
business sector innovativeness (BERD intensityiiP$5 This level should
be a key factor in determining R&D funding stragsgias these economic
considerations influence the dynamic of innovatmacess and the func-
tions of pursued science and innovation policyeBiirfunding policies are
more effective in countries situated below the tetbgy frontier. These
countries more often uptake imitation activitiesiethallow them to profit
from knowledge spillover. An effective use of iretit R&D funding in-
struments is, however, possible in countries witkeast a moderate level
of business sector innovativeness.

Diversified levels of analyzed indicators reflegtimaried policy strate-
gies of R&D funding and varied innovation levelstlie observed group of
countries hamper building unambiguous conclusidnsorder to define
most effective science and innovation policies,ittilience of public sup-
port on the process of innovation should be obskivea long term. Ana-
lyzing other than financial instruments of scierar&l innovation policy
could be an interesting extension of the presestedysis.
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Appendix 1. The matrix of coefficients after varimax rotatiotescribing the
binding of the analyzed measures with the consttdicomponents

Indicator First component Second component
GOVB expenditures 0,186 0,925
HERD expenditures 0,193 0,678
GOVGH expenditures -0,369 0,568
Tax subsidy for SMEs 0,971 0,045
Tax subsidy ratio for large firms 0,948 0,165

Source: author’s calculations.
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