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Abstract

Research background:Firms’ innovation activities play an important rale fostering firms’
competitiveness and enhancing economic growth@bns and countries. Regarding the signifi-
cance of the issue, it is essential to explorecatirs of firms’ innovation activities. Here, spaci
attention was given to external linkages and iatdllal assets. In the study, particular emphasis
was put on firms from the Czech Republic and Polasidhe countries distinguished by similar
innovation performance.

Purpose of the article:The aim of this paper is to explore whether extdinkages and intellec-
tual assets impact on innovation activities of Ceacd Polish firms.

Methods: In the study, the Cobb-Douglas function was employiéhe study used data from the
European Innovation Scoreboard 2018 with regarfirias’ innovation activities. In particular,
special stress was put on variables related taredtdinkages and intellectual assets such as:
innovative SMEs collaborating with others, privatefunding of public R&D expenditures, PCT
patent applications and trademark applications.tifhe period was 2008—2015.

Findings & Value added: This paper contributes to the existing literatugepooviding new
insight on issues connected with indicators of §irimnovation activities. The results reveal
statistical significance of selected variables emted with external linkages and intellectual
assets on innovation activities of Czech and Pdiistis. These findings have policy and practical
implications. There is a need to further stimulaeong others, the linkages between firms and
universities, research organisations, instituti@mlironment.
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Introduction

There is a general consensus in the economic tliterahat innovation
plays a critical role in fostering competitiven@$sirms, regions and coun-
tries (see Todtling & Grillitsch, 2015, pp. 1741587 Asheimet al,, 2011,
pp. 1133-1139). In this regard, innovation leadse¢onomic growth of
regions and countries (see Huggins & Thompson, 20(15103—-128). This
line of argument enhances the rank of actions $itimg innovation and is
highlighted by the European Union’'s Europe 202@&tegty (European
Commission, 2018a, p. 3). The importance of actfostering innovation
is also considered by the knowledge spillover theendogenous growth
theory and place-based approach. In this respestjad emphasis is put on
supporting firms’ innovation by regions and cousdti The core argument
here is a simultaneous relationship between fiimsdvation and regions’
and countries’ economic growth (see Isaksen & tearl2013, pp. 243—
257; Wierzbicka, 2018, pp. 123-139; Wierzbicka, (dp.343—-357). This
implies the significance of firms’ innovation agties as the base of firms’
innovation and competitive advantage and, as aecuesice, an important
component of regions’ and countries’ competitiven@ee Edler & Fager-
berg, 2017, pp. 2-23). In this context, resear¢hndbn has focused,
among others, on the indicators of innovation @ of firms within
a country (see Fritsch & Franke, 2004, pp. 245-2B&Yye, a number of
studies have dealt with linkages between firmsathdr firms, universities,
research organisations, institutional environmenaa important indicator
of firms’ innovation activities (see Ankrah & AL-Daaa, 2015, pp. 387—
408; Martin & Moodysson, 2011, pp. 170-187). Thessesiderations em-
phasise the rank of knowledge diffusion processesfifms’ innovation
and regions’ and countries’ growth (see Isakeml, 2018, pp. 221-238).
When considering the indicators of firms’ innovatiactivities, intellectual
assets have also received special attention asl&dge codification (see
Asheimet al, 2011, pp. 1133-1139). Related to the Europeaioriin
Europe 2020 strategy viewpoint, both external lgds and intellectual
assets are regarded as important indicators ofsfiinmovation perfor-
mance (European Commission, 2018a, p. 8).

Regarding the above, it is important to explore tivbeexternal linkag-
es and intellectual assets influence firms’ innmra@ctivities. In this re-
spect, particular emphasis was put on firms froem@zech Republic and
Poland to understand indicators of firms’ innovataxtivities in the coun-
tries distinguished by innovation performance belbat of the EU average
(see European Commission, 2018a, p. 13). Hencaithef this paper is
to investigate whether external linkages and iettllal assets impact on
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innovation activities of Czech and Polish firmscasintries recording simi-
lar innovation performance.

To achieve the aim, the Cobb-Douglas function wapleyed. The em-
pirical analysis was based on data from the Eumpeaovation Score-
board 2018 (EIS). The time period is 2008—2015.

The paper is structured as follows. The first garicerns a short over-
view of the literature on indicators of firms’ invetion activities with em-
phasis on external linkages and intellectual asSdie methodology of
research is presented in the second part. Theghitdorovides major find-
ings while the fourth part contains discussion. Tdst part concerns the
conclusions.

This study presents new insight on issues regaiditigators of firms’
innovation activities. It is very important in tesrof creation of the condi-
tions for fostering competitiveness of firms, regoand countries. This
paper also completes existing studies by the egphic of the Cobb-
Douglas function in order to find the interactidmstween exogenous and
endogenous indicators of regional development stefing competitive
advantage of firms, regions and countries.

Literature review

It is increasingly widely accepted that firms’ irvation activities have
become the main source of competitiveness impromerard economic
growth of firms (see Todtling & Grillitsch, 2015pp1741-1758). In this
context, following the theoretical discussion, imaton activities of firms
are considered to be “the unique competence offtimat cannot easily be
copied by others” (Isaken & Karlsen, 2013, p. 244jother core argument
here is that firms’ innovation activities can fastempetitive advantage of
regions and countries (see Edler & Fagerberg, 2pfp72-23; Cigik &
Michalek, 2018, pp. 233-250; Zygmunt A., 2017, pp5-521). In this
regard, what is significant is cooperation betweegions and firms (see
Isakenet al, 2018, pp. 221-238). For this reason, the issoeserning
firms’ innovation activities are essential. Henaecording to this line of
argumentation, numerous studies focus on firmsdwation indicators (see
Bronzini & Piselli, 2016, pp. 442-457; Mendongihal, 2004, pp. 1385—
1404) and actions stimulating innovation of firnrse€ Isaksert al, 2018,
pp. 221-238; Fritsch & Franke, 2004, pp. 245-2%6kse issues are par-
ticularly emphasised by the growth theory, knowkedgillover theory and
place-based approach. Here, strong emphasis isnptite combination of
exogenous and endogenous indicators of regionala@went in fostering
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competitiveness of firms, regions and countrieg ($6dtling & Trippl,
2018, pp. 1-17; Balcerzak & Pietrzak, 2016, pp.86Zygmunt J., 2018,
pp. 1175-1184; Barca, 2009, pp. 1-244). Following,tthe concept of
knowledge spillovers becomes relevant. From thigntpaf view,
knowledge spillovers “constitute an important facio shaping regional
conditions for innovation activities” (Fritsch & &mnke, 2004, p. 245). This
implies the necessity for firms to acquire knowledgpm different types of
sources (see Isaken & Karlsen, 2013, pp. 243-25%)s, considering the
significance of the issue, the role of networksugetn, among others, firms
and other firms, universities, institutional envinoent, research organisa-
tions is essential. Here, a wide body of empiritetature also assesses the
role of innovation outputs generated (see Asheimal, 2011, pp. 1133—
1139) as a results of firms’ intellectual assetsthBndicators — external
linkages and intellectual assets — are specificahlysidered by the Euro-
pean Union to be crucial for the economic growtd aompetitiveness of
firms, regions and countries (European Commissiii8a, pp. 8-14).
Thus, it is of importance to further study the abdrdicators of firms’
innovation activities.

When considering external linkages, particularrdgib® is given to in-
novative small and medium-sized enterprises (SMigdlpborating with
others, public-private co-publications and privae-funding of public
R&D expenditures (see European Commission, 2018a8¢14). Accord-
ing to a number of studies, there is a strong metaon the flow of
knowledge between firms and, among others, othesfiresearch organi-
sations and universities (see Martin & Moodyssddl 12 pp. 170-187).
The argument put forward here is that such an eatdlow of knowledge
is crucial to building firms’ innovation capabilitf{see Todtling &
Grillitsch, 2015, pp. 1741-1758) and, as a consecgieo enhancing com-
petitiveness of firms, regions and countries (seéerE8 Fagerberg, 2017,
pp. 2-23). In this regard, the key role is playgdrimovative collaboration
of firms with others (see Rosenbusehal, 2011, pp. 441-457). Here,
a wide body of empirical literature assesses thi& o SMEs in economic
growth of regions and countries (see Varis & Ligan2012, pp. 547-582;
Rosenbuscket al, 2011, pp. 441-457) since they represent 99%ra&fin
the European Union (European Commission, 2018b)haMt a doubt, as
regards firms’ collaboration with others, an esiggmole is played by uni-
versities in contributing to knowledge flow. Impanmt in this context is the
fact that university-firm linkages may take diffatdorms, depending on
firms’ needs for knowledge creation and innovat{see Asheimet al,
2011, pp. 1133-1139; Ankrah & AL-Tabbaa, 2015, pp7—408). In
providing scientific knowledge, special emphasigig on public-private
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co-publications (see Yegros Yegresal, 2016, pp. 136-150). This argu-
ment builds on the acknowledgement that such pafihics express “an
empirical manifestation of relationships and prgessamong the research
partners” (Tijssen, 2012, p. 2). Apart from pulpitvate co-publications,
private co-funding of public R&D expenditures is@lan important part of
the performance of firms’ linkages (see Ankrah &-Ababbaa, 2015, pp.
387-408). Following this line of argument, private-funding of public
R&D expenditures may have impact on firms’ accelgibto external
knowledge inflows and, as a consequence, to fiRédD capacity.

Regarding intellectual assets, substantial sigifie is attached to PCT
patent applications, trademark applications andgdeapplications (see
e.g., European Commission, 2017, pp. 8-14). Inrdspect, firms’ innova-
tion outputs are treated as knowledge codificatime Asheinet al, 2011,
pp. 1133-1139). Following this, a number of theoattand empirical stud-
ies highlight the impact of innovation outputs amg’, regions’ and coun-
tries’ competitive advantage (see Tddtling & Gisidih, 2015, pp. 1741
1758). When considering this issue, substantiahtitin is focused particu-
larly on PCT patent applications (see Allred & R&R07, pp. 876-900).
Here, PCT patent applications indicate firms’ cdiyato develop new
products and assess “the quality of an innovati@ronzini & Piselli,
2016, p. 445). Another strand of literature alsgbasises the significance
of trademark applications as firms’ capacity fonomation (see Mendonca
et al, 2004, pp. 1385-1404) as well as design applicat{see European
Commission, 2018a, p. 96).

Resear ch methodology

In order to address the importance of knowledghosgrs in firms’ inno-
vation activities, it is crucial to investigate extal linkages and intellectual
assets. In this regard, special emphasis was ptitroa from the Czech
Republic and Poland. Since the Czech Republic amhB differ econom-
ically, those countries are distinguished by simitenovation performance
(see European Commission, 2018a, p. 13). Thudptlmeving hypotheses
were posed:

H1: External linkages influence positively innovatioatigties of firms
from the Czech Republic

H2: External linkages influence positively innovatioatigties of firms
from Poland
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H3: Intellectual assets have a positive impact on CAeals’ innovation
activities

H4: Intellectual assets have a positive impact on PRolisns’ innovation
activities

The data for this study were gathered from the pemo Innovation
Scoreboard 2018 (European Commission, 2018a). Heexial attention
was paid to indicators of firms’ innovation actigit. In this regard, the
European Innovation Scoreboard 2018 contains twweksions related to
external linkages and intellectual assets. Thasemsions include six spe-
cific indicators: innovative SMEs collaborating tibthers, public-private
co-publications, private co-funding of public R&Dpenditures, PCT pa-
tent applications, trademark applications, andgieapplications (Table 1).

Above variables are consistent with the endogergrasvth theory,
knowledge spillover theory and place-based approBicl study uses data
concerning the Czech Republic and Poland. The perod was 2008—
2015.

The descriptive statistics of diagnostic varialitasthe Czech Republic
and Poland, comprising mean, standard deviatiomymim and maximum,
are presented in Table 2 and Table 3.

The collinearity among the diagnostic variables wesfied using the
graph analysis method (see Bartosiewicz (Ed.), 1986re, the findings
suggest high levels of collinearity between vaesablFollowing this, the
elimination of selected diagnostic variables wasessary. As a conse-
guence, the study concerning Czech firms’ innovagativities included
private co-funding of public R&D expendituressjX{with regard to exter-
nal linkages) and PCT patent applicationsg) (¥nd trademark applications
(Xs) (concerning intellectual assets). The researgarding Polish firms’
innovation activities included innovative SMEs edlbrating with others
(Xy) (regarding external linkages) and trademark appibns () (in re-
spect of intellectual assets).

In order to explore whether external linkages andlliectual assets in-
fluence innovation activities of firms from the €heRepublic and Poland,
the Cobb-Douglas functiowas applied. The usability of this function lies
in simplicity (see Piketty, 2014, p. 157) and gaatjustment to empirical
data. Here, the general formula of the Cobb-Douflastion was used
(Borkowskiet al., 2003):
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y = boX X2, ., XDk (1)

where:
by, by,..., k— constants;
j=0,...,k

With regard to the undertaken study, six modelsewaistinguished
(three for the Czech Republic and three for Polahkis number of models
results from various measurements of firms’ innmragactivities: (1) per-
centage of SMEs introducing product or processvatons, (2) percent-
age of SMEs introducing marketing or organisatianabvations and (3)
percentage of SMEs innovating in-house. Such meawnts of firms’
innovation activities are in line with the Europeamovation Scoreboard
2018 and result from the diversity of innovationfpemance (se&elazny
& Pietrucha, 2017, pp. 43-62). Here, the rank oEESNh economic growth
of regions and countries was emphasised. As a qoasee, to investigate
whether external linkages and intellectual assefsct on innovation ac-
tivities of Czech firms, the following models wetistinguished:

Model 1:y = bonlezXé’3 ,

where:

y — innovation activity of Czech firms, measuredaagercentage of SMEs intro-
ducing product or process innovations;

X3 — private co-funding of public R&D expenditures;

X4 — PCT patent applications;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.

Model 2:y = boX2' X2 X2? |

where:

y — innovation activity of Czech firms, measuredaagercentage of SMEs intro-
ducing marketing or organisational innovations;

X3 — private co-funding of public R&D expenditures;

X4 — PCT patent applications;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.

297



OeconomiaCopernicanal0(2), 291-308

Model 3:y = boXé’lezXé’3 ,

where:

y — innovation activity of Czech firms, measuredhgsercentage of SMEs innovat-
ing in-house;

X3 — private co-funding of public R&D expenditures;

X4 — PCT patent applications;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.

In regard to Poland, the following models wereidgtished:

Model 1:y = bon

b

1X52 ,

where:

y — innovation activity of Polish firms, measuredagercentage of SMEs intro-
ducing product or process innovations;

X; — innovative SMESs collaborating with others;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.

Model 2:y = bon

b

1X52 ,

where:

y — innovation activity of Polish firms, measuredagercentage of SMESs intro-
ducing marketing or organisational innovations;

X; — innovative SMEs collaborating with others;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.

Model 3:y = bon

b

1X52 ,

where:

y — innovation activity of Polish firms, measuredaagercentage of SMEs innovat-
ing in-house;

X; — innovative SMEs collaborating with others;

Xs — trademark applications;

by, by,..., k— constants,

j=0,...,k.
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Next, log transformation of the generated models e@nducted on the
basis of the following formula:

In(y) = by + b; In(X;) + by In(X3) + -+ + by In(Xy) (2)

where:
by, by,..., k— constants;
j=0,...,k

To verify the statistical significance of the maglethe least-squares re-
gression was used. To control for the autocoratatDurbin-Watson test
was applied. Where the Durbin-Watson test did Hotato indicate auto-
correlation, Student's t-test was used with 2 — 1 degrees of freedom.

Results

Concerning Czech firms’ innovation activities in082-2015, a significant
impact of variables connected with external linkagad intellectual assets
could be found in model 1 and model 2 (Table 4 &able 5). In line with
the obtained results, model 3 shows the lack aisstal significance (Ta-
ble 6).

With regard to intellectual assets, the result®akvhat innovation ac-
tivities of firms from the Czech Republic were atied by trademark appli-
cations (%). These findings hold for model 1 and model 2 (&ab and
Table 5). Here, surprisingly, the study revealsedie results. With respect
to model 2, trademark applications, surprisingiyjpact negatively on
firms’ innovation activities measured as a percgataf SMESs introducing
marketing or organisational innovations (Table H)ese findings do not
correspond to hypothesis 3 and are in contrast éaddncaet al (2004,
pp. 1385-1404). However, considering model 1, #wmults provide evi-
dence of a positive impact of trademark application innovation activi-
ties of firms, described as a percentage of SME®dncing product or
process innovations (Table 4). These findings stgpgothesis 3 and are
in line with Mendoncaet al (2004, pp. 1385-1404). With respect to intel-
lectual assets, what should also be emphasisdikisatk of significant
impact of PCT patent applications on innovationvaats of firms from the
Czech Republic, measured as a percentage of SNtédliging product or
process innovations (model 1) and as a percenta@M&s introducing
marketing or organisational innovations (modell&)this context, the ob-
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tained results do not correspond to hypothesisdBstand in contrast to,
among others, Bronzini and Piselli (2016, pp. 448224

Considering external linkages, the obtained respits/ide evidence
about a significant impact of private co-fundingmfblic R&D expendi-
tures (%) on Czech firms’ innovation activities. These festold only for
model 2 (Table 5). Here, the findings imply, susprgly, a hegative impact
of private co-funding of public R&D expenditures mmovation activities
of firms, described as a percentage of SMEs intimgdumarketing or or-
ganisational innovations. The obtained results alosnpport hypothesis 1
and are not in line with, among others, Ankrah AhdTabbaa (2015, pp.
387-408).

The results imply that the coefficient of deterntioa for model 1 and
model 2 is sufficient to explain innovation actige# of Czech firms.

With regard to Poland, the results provide no ewigeof statistical sig-
nificance of model 1 and model 3 due to the ocaueeof autocorrelation
(Table 7 and Table 8). As a consequence, modedinardel 3 were ex-
cluded from the study.

On the other hand, considering model 2, the caefftof determination
confirms a good model fit in explaining innovatiaativities of Polish
firms (Table 9). With respect to intellectual asseahe findings indicate
a strong effect of trademark applications;)(¥n innovation activities of
Polish firms in 2008—2015, measured as a percemmB§®MEs introducing
marketing or organisational innovations (Table I9¢re, surprisingly, the
findings suggest a negative influence of tradenagmidications on innova-
tion activities of firms. These findings do not kspond to hypothesis 4
and are not in line with Mendoneaal (2004, pp. 1385-1404).

Regarding external linkages, the results imply igmi§cant impact of
innovative SMEs collaborating with others{XThis suggests that innova-
tion activities of Polish firms, described as ageetage of SMEs introduc-
ing marketing or organisational innovations, weot associated with ex-
ternal linkages. These results do not correspord/pothesis 2 and stand
in contrast to, among others, Rosenbueicl. (2011, pp. 441-457).

Discussion

The results provide evidence concerning the stlssignificance of the
impact of selected variables connected with extdimgages and intellec-
tual assets on innovation activities of Czech aalisP firms. With regard
to Czech firms, the results reveal, surprisinghynegative impact of such
a variable of external linkages as private co-fagdof public R&D ex-
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penditures on firms’ innovation activities. Thesedings are not in line
with, among others, Ankrah and AL-Tabbaa (2015,38Y-408). Consid-
ering intellectual assets, the study implies a i@e@mpact of trademark
applications on innovation activities of Czech f&nihis situation may
reduce the abilities of Czech firms to increase meiitiveness, and as
a consequence, their abilities to foster economoavth of regions and the
country.

With respect to Poland, the results show that 82Q015, firms’ inno-
vation activities were significantly influenced grily the variable of intel-
lectual assets such as trademark applications. indisates that Polish
firms may improve innovation and competitivenesshsy enhancement of
knowledge flow. Here, the findings provide evidemtmut a surprisingly
negative impact of trademark applications on firins'ovation activities in
Poland. These results stand in contrast to, amtimgrsy Mendoncat al
(2004, pp. 1385-1404) and suggest limited abiltieBolish firms to stim-
ulate innovation activities.

In line with the obtained results, the findings dragise the importance
of linkages between firms and public research tuistins and between
firms and other firms. Here, the flow of knowledgeessential in fostering
innovation and competitiveness of firms and, asm@sequence, of regions
and countries.

Conclusions

This study analysed external linkages and intelidcissets as indicators of
innovation activities of Czech and Polish firm2id08-2015. On the basis
of the Cobb-Douglas function, the results indidhgg innovation activities
of firms in both the Czech Republic and Poland waffected by such
a variable of intellectual assets as trademarkiegtpdns. Considering ex-
ternal linkages, the study reveals a significargaot only for Czech firms’
innovation activities. In this respect, the obtaimesults highlight the in-
fluence of such a variable of external linkagespesate co-funding of
public R&D expenditures on firms’ innovation acties.

In policy and practical terms, the findings call &drengthened variables
of firms’ innovation activities regarding exterrlalkages and intellectual
assets. In this respect, regional and country igglishould further intensi-
fy, among others, linkages between firms and ofivens, universities,
research organisations and institutional envirortmelere, it is also im-
portant that firms create conditions for innovatiand competitive ad-
vantage.
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This study has some limitations. This paper usdgators of firms’ in-
novation activities and data from the European Wation Scoreboard
2018. This paper draws also on innovation activitieeasured as: (1) per-
centage of SMEs introducing product or processvatons, (2) percent-
age of SMEs introducing marketing or organisatianabvations, (3) per-
centage of SMEs innovating in-house. It would kerimsting to investigate
whether the results also hold in other measuremantsms’ innovation
activities.

In terms of future research, it is important todsthe impact of other
innovation activities indicators on firms from tzech Republic and Po-
land. It would also be interesting to undertakedigts to understand the
reasons for a negative impact of selected variatgssribing external link-
ages and intellectual assets on Polish and Czetis'finnovation activi-
ties.
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Annex

Table 1. Description of diagnostic variables

Variables

Description
External Innovative SMEs collaborating with others X; percentage of SMEs
linkages
Public-private co-publications Xz per million population
Private co-funding of public R&D X3 percentage of GDP
expenditures
Intellectual PCT patent applications X4 per billion GDP
assets
Trademark applications Xs per billion GDP
Design applications Xe per billion GDP

Source: The European Innovation Scoreboard 201&fEan Commission, 2018a).

Table 2. Descriptive statistics of diagnostic variablestfue Czech Republic

Variables Mean St Min. Max.
Dev.

Innovative SMEs collaborating with others X; 10.80 0.67 10.03 11.63

Public-private co-publications X, 2252 287 1999 28.32
Private co-funding of public R&D expenditures X;  0.02 0.01 0.01 0.03
PCT patent applications X4 091 0.11 0.69 1.07
Trademark applications Xs 5.07 042 4.24 5.74
Design applications Xe 313 056 2.34 4.07

Source: own calculations based on data for theo@e®008—2015 from the European
Innovation Scoreboard 2018 (European Commissioh820



Table 3. Descriptive statistics of diagnostic variablesPaiand

St

Variables Mean De\./. Min. Max.
Innovative SMEs collaborating with others Xy 4.48 1.13 3.50 6.40
Public-private co-publications Xz 5.9 0.56 4.36 6.06
Private co-funding of public R&D expenditures X;  0.02 0.01 0.02 0.02
PCT patent applications Xs 051 0.10 0.35 0.69
Trademark applications Xs 441 0.78 3.45 5.33
Design applications Xs 5.08 0.70 4.20 5.99

Source: own calculations based on data for theo@e®008—2015 from the European
Innovation Scoreboard 2018 (European Commissioh820

Table 4. Regression results of the Cobb-Douglas functiortierCzech Republic:
model 1

Standard

Variable Coefficients arror t-Stat p-value  Significance F R?
const -3.0392 0.2531 -12.0085 0.0003

In(X3) -0.0496 0.0549 -0.9043 0.4170 0.0001 0.9979
IN(Xq) -0.0230 0.0908 -0.2529 0.8128

In(Xs) 4.8847 0.1238 39.4653 0.0001

In(y)=-3.0392+ (-0.0496)In(Xz)+ (-0.0230)In(Xs)+4.8847In(Xs)

Y= 0.05)%—0.50X4—0.02>%4.88
Autocorrelation consistent. Level of statisticgrgficance: g0.05.

Source: own calculations based on data from thef&an Innovation Scoreboard 2018
(European Commission, 2018a).



Table 5. Regression results of the Cobb-Douglas functiortierCzech Republic:
model 2

Standard

Variable  Coefficients error t-Stat  p-value Significance F R?
const 3.6151 1.0011 3.6111 0.0225

IN(Xs) -0.6592 0.2171 -3.0371 0.0385 00217 0.8903
IN(Xs) -0.8652 0.3592 -2.4088 0.0736

In(Xs) -1.6939 0.4896 -3.4598 0.0258

In(y)=-3.6151+ (-0.6592)In(Xs)+ (-0.8652)In(Xa)+ (-1.6939)In(Xs)

Y=37. 15)(,‘!—0. 66X4—O. 88)%—1. 69
Autocorrelation consistent. Level of statisticgrgficance: g0.05.

Source: own calculations based on data from thef&an Innovation Scoreboard 2018
(European Commission, 2018a).

Table 6. Regression results of the Cobb-Douglas functiortlierCzech Republic:
model 3

Standard Significance

Variable Coefficients t-Stat p-value R?
error F
const 3.9155 0.2173 18.0177 0.00005
In(X3) 0.0046 0.0471 0.0974 0.9270 0.1085 0.7481
In(Xs) -0.0755 0.0780 -0.9687 0.3875
In(Xs) -0.3538 0.1063 -3.3292 0.0291

In(y)=3.9155+0.0046In(Xa)+ (-0.0755)In(Xs)+ (-0.3537)In(Xe)

Y=50. 18)(30 005X4-0.08X5-0.35
Level of statistical significance<0.05.

Source: own calculations based on data from thefaan Innovation Scoreboard 2018
(European Commission, 2018a).



Table 7. Regression results of the Cobb-Douglas functiorPimland: model 1

Variable  Coefficients Standard error  t-Stat  p-value  Significance F R?

const 15214 0.2764 55033 0.0027
In(Xy) 0.6138 0.0857 7.1611 0.0008 0.0001 0.9617
In(Xs) 0.1584 0.1099 1.4413 0.2090

In(y)=1.5214+0.6138In(Xy)+ 0.1584In(Xs)

Y=4.58X,061016
Autocorrelation non-consistent. Level of statidtigignificance: g0.05.

Source: own calculations based on data from thef&an Innovation Scoreboard 2018
(European Commission, 2018a).

Table 8. Regression results of the Cobb-Douglas functiorPiaand: model 3

Standard Significance

Variable Coefficients error t-Stat p-value F R?
const 1.5488 0.5108 3.0322 0.0290

In(Xy) 0.6669 0.1584 4.2114 0.0084 0.0009 0.9401
In(Xs) -0.1232 0.2031 -0.6068 0.5705

In(y)=1.5488+0.6669In(X1)+(-0.1232)In(Xs)
Y=4.71X,070%5 012
Autocorrelation non-consistent. Level of statidtiignificance: g0.05.

Source: own calculations based on data from thef&an Innovation Scoreboard 2018
(European Commission, 2018a).

Table 9. Regression results of the Cobb-Douglas functiorPiland: model 2

Variable Coefficients  Standarderror t-Stat  p-value S|gn|fl|:canoe R?
const 5.4813 0.9578 57226  0.0023

In(Xy) -0.3495 0.2970 -1.1767  0.2922 0.0066 0.8656
In(Xs) -1.5093 0.3809 -3.9630  0.0107

In(y)=5.4813+(-0.3495)In(Xy)+ (-1.5093)In(Xs)
Y=240.17X, 035X 15
Autocorrelation consistent. Level of statisticgrsficance: g0.05.

Source: own calculations based on data from thefaan Innovation Scoreboard 2018
(European Commission, 2018a).





