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Abstract

Research background: The uncertainty in the environment and rapid charige/e impact
on firms, regions and countries. The necessitydapato new conditions requires a stimula-
tion of actions aimed at enhancing competitiverass economic growth. In this respect,
the European Union strategy called Europe 2020ldHmimentioned. Regarding the role of
firms’ innovation activities in economic growth ofégions and countries, substantial im-
portance was attached to how innovation activisfeBolish firms differ from those from the
other EU countries with a level of innovation sianito Poland. Here, a particular emphasis
was put on moderate innovator countries.

Purpose of the article: The aim of this paper is to investigate Polish &rrimnovation
activities against those by other moderate innovaaantries.

Methodology: In the study a multivariate analysis and zero uiziion methods were
applied. These methods allowed for a division ofderate innovator countries into four
groups and for a multivariate analysis of firmiavation activities in Poland and other EU
countries with a level of innovation similar to Bodl. The study was based on data from the
European Innovation Scoreboard 2016 relating toedsions of firm activities: firm in-
vestments, linkage & entrepreneurship and intellchssets. The study referred to the
period 2008-2015.

Findings & Value added: This paper contributes to the existing literatuygpboviding new
insight on understanding the issues related tosfiinmovation activities. The analysis has
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revealed several conclusions. One of them indictitechighest distance of Polish firms to
those from the other moderate innovator countireserms of SMEs innovating in-house,
innovative SMEs collaborating with others and peHpifivate co-publications. The findings
have practical and policy implications. It is asgdnthat the obtained results may be useful
for firms, regions and countries in adaptation meertainty in the environment and, there-
fore, in maintaining competitive advantage capacit

I ntroduction

The dynamic environment impacts on countries, megiand firms. In cir-
cumstances of rapid changes and uncertainty imv&onment, competi-
tiveness contributes to economic growth. For tleigson, stimulation of
actions aimed at enhancing competitiveness is atu8iuch actions are
noticeable in the European Union strategy Europ026iere, special at-
tention is paid to smart, sustainable and inclugnevth with a strong em-
phasis on creation of the conditions for a more petitive economy (Eu-
ropean Commission, 2016, p. 4).

As has been widely argued, an important driver ahpgetitiveness is
innovation. Innovation stimulates economic growthcountries and re-
gions (see: e.g. Acst al, 2016, pp. 527-535; Kondratiuk-Nierofizka,
2016, pp. 451-471; Furkova & Chocholata, 2017,9424) and is crucial
for firms’ performance (see: e.g. Naranjo-Valersial, 2016, pp. 30—41).
The ability of innovation to foster competivene$sountries, regions and
firms is emphasized especially by endogenous grottthory and
knowledge spillovers theory. Against this backgmhuregions should sup-
port firms to stimulate innovation and develop cagpive relationships for
faster diffusion of knowledge spillovers. This amgent is built on the ac-
knowledgment of a simultaneous relationship betwieeovation and re-
gions, and firms as a key to economic growth (seg, Huggins & Wil-
liams, 2011, pp. 909-910). Such a relationshipliggts the importance of
firms’ innovation processes. Based on this reagprarparticular emphasis
should be put on firms’ innovation activities as ttore to build a competi-
tive advantage of firms, regions and countries. S&@ring the importance
of the issue, research attention has focused éamlbeon the indicators of
firms’ innovation activities within a country ante influence of country
and political institutions’ activities in questiqisee: e.gZelazny & Pie-
trucha, 2017, pp. 43-62; Balcerzak & Pietrzak, 2@}6 66—81; Amoroso,
2017, pp. 93-120).

Concerning the above, it is very important to erplbow innovation
activities of firms differ among countries. Thenefpthis paper focuses on
the multivariate analysis of Polish firms’ innowati activities and other
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European Union countries. Hence, the aim of thisepas to investigate
Polish firms’ innovation activities against thogserh other moderate inno-
vator countries. The study specially addresses ntel@novator countries
to understand how innovation activities of Poligimg differ in relation to
firms from the EU countries distinguished by a leseinnovation similar
to Poland.

The study was carried out under theoretical andrgapanalysis of the
problem based on a related literature review artd dathered from the
European Innovation Scoreboard (EIS), which praviotdormation about
innovation performance in the European Union mendtates. The time
period is 2008—-2015.

The paper is organized as follows: The first paetspnts a brief over-
view of the literature on the innovation activitiekfirms. The second part
discusses how information from the European InriomaBcoreboard is
used to examine innovation activities of PolismBrin comparison to those
from other moderate innovator countries. This pdsb presents the meth-
ods used for analysis. The next part provides éselts, and the last part
concludes the paper.

This paper contributes to the existing literatuyepboviding new insight
on understanding of the issues related to firmabuation activities. To
understand the differences in firms’ innovation\aties between countries
from the moderate innovators group, a multivaratealysis and zero unita-
rization method were applied. The application afsth methods enabled a
division of the EU countries with a level of inntvam similar to Poland,
according to the level of indicators of firms’ inragion activities. It is very
important in the context of firms’, regions’ anducdries’ adaptation to the
dynamic environment and the needs of regional paticsupport competi-
tiveness enhancement.

Theor etical background and hypothesis development

Since the early to the current state of literatuménnovation, a strong em-
phasis has been put on innovation activities aisngortant determinant of
firms’ survival (see: e.g. Naranjo-Valena al, 2016, pp. 30—41). With-
out doubt, contemporary firms operate in a dynagniironment. The high
impact of rapid changes on firms’ performance ancertainty in the envi-
ronment make it necessary to adapt to new conditiblence, keeping up
with changes seems necessary to maintain conweegitivantage capacity.
From this point of view, innovation activities “moe mandatory, a life-
and-death matter for the firm” (Baumol, 2002, p. 1)
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The dynamism in the environment changes spansiteest in innova-
tion activities from the firms level to regionaldamational levels. In this
respect, firms’ innovation activities play a criticole in economic growth
of regions and countries. Thus, innovation actegitdf firms become an
important driver of innovation and competitiven€Bsis issue is particular-
ly salient and highlighted in endogenous growthothieand knowledge
spillovers theory. The above approaches emphammeng others, the high
rank of regional conditions for innovation actiesi In this regard, accord-
ing to a number of theoretical and empirical stad@moperation between
regions and firms is essential for economic gro(ge: e.g. Todtling &
Grillitsch, 2015, pp. 1741-1758; Huggins & Willian011, pp. 909-910).
Hence, achieved cooperation will increase the dunosftects of firms, re-
gions and countries. Thus, regions should buildkgparinds for stimulat-
ing firms’ innovation activities and develop regabimnovation ecosystems
(see: e.g. Acet al, 2016, pp. 527-535; Huggins & Williams, 2011, pp.
909-910; Zygmunt A., 2017, pp. 1455-1464).

Regarding the role of firms’ innovation activitisseconomic growth of
regions and countries, substantial importancetaclaed to indicators asso-
ciated with innovation performance of firms. Ingtiontext, in the past
decades a number of studies dealt with key indisaib firms’ innovation
(see: e.g. Krstiet al, 2016, pp. 142-15Brodzicki, 2017, pp. 91-109; Ali
Tahaet al, 2016, pp. 7-17 Based on these studies, firms’ innovation ac-
tivities can be explained by a variety of indicatoAmong others, a wide
body of empirical literature assesses the roleiraist capabilities in en-
hancing innovation performance (see: e.g. Ali Tahal, 2016, pp. 7-17;
Brodzicki, 2017, pp. 91-109). In particular, firmepabilities concern the
ability to “continuously transform knowledge anead into new products,
processes and systems for the benefit of the finoh its stakeholders”
(Lawson & Samson, 2001, p. 384). Thus, accordintgitoline of argumen-
tation, firms’ intangibles, such as employees’ Iskand innovativeness,
support culture, leadership practices, developroémtdividual knowledge
and processes and tools for managing ideas, actkfar innovation ac-
tivities. Another strand of literature highlightsetimportance of innovation
systems and networks in enhancing firms’ innovagaotvities. Following
this, what is essential for firms’ innovation perf@nce is not only the
strengthening of R&D capacities, but also the nétwaetween “the actors
that are involved in generating innovations” (Asheit al, 2016, p. 5).
Therefore, the network between such actors as, gqmothrers, universities,
research organizations, institutional environmamd &rms, enhances not
only firms’ innovation abilities, but also innovati capacities of regions
(Cookeet al, 2000, pp. 1-183). Hence, under the circumstaotdgnam-

508



Oeconomia&opernicana8(4), 505521

ic environment, national and regional innovatigatesms play an essential
role in contributing to shaping conditions for netking and interactions
between the actors (Asheiet al, 2016, pp. 1-19; Zygmunt J., 2017, pp.
226-236; Oganisjanet al, 2015, pp. 186-197). Regarding recent studies,
special attention is attached especially to knogéedspillovers and
knowledge bases as the core to shift innovatiofopaance of firms (see:
e.g. Todtling & Grillitsch, 2015, pp. 1741-1758h this respect, firms’
innovation activities can be fostered by such iattics as social networks,
labour mobility, institutional embeddedness of #wtors and different di-
mensions of proximity (Grillitsch & Nilsson, 201p, 301; Oganisjanat
al., 2015, pp. 186-197). The ability of firms to ent@ innovation activi-
ties depends also on sectoral specializationsstiegpe knowledge and re-
lated networks of firms (see, e.g., Todtling & Gwsch, 2015, pp. 1741-
1758).

The above indicators of firms’ innovation activili@re increasingly
considered by the European Union to be importantces of enhancing
competitiveness of firms, regions and countriesndde it is currently
a major policy goal to shape conditions for innasaperformance and it is
noticeable in the place-based approach. This appremphasizes the rank
of combination of endogenous and exogenous indigatbregional devel-
opment in building competitive advantage of firmsgions and countries
(Barca, 2009, pp. 1-244). Particular attentionls® @iven to the diversity
of social, economic and territorial conditions efyions as an important
component of policy-making to support firms to silate innovation.

An increasing rank of firms’ innovation activiti@s enhancing econom-
ic growth of regions and countries, in combinatigith their specific and
unique capabilities, requires undertaking studiehaw innovation activi-
ties of firms differ between the EU countries watlsimilar level of innova-
tion. Thus, the following hypothesis was posedalgh Poland belongs to
the group of EU countries with a similar level ohovation, Polish firms’
innovation activities differ from those from oth@oderate innovator coun-
ties.

Resear ch methodology

The data employed for the study were extracted fitmenlast report of the
European Innovation Scoreboard (European Commis&iei6) and refer
to the period 2008-2015. This report provides im@tion connected with
different aspects of the European Union membeest@inovation perfor-
mance, with division into three main types of cosif® indicators (ena-
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blers, firm activities, outputs) with twenty fif@eacific indicators. Despite
the fact that some studies criticize the use aadkivice of indicators (see,
e.g., Grupp & Schubert, 2010, pp. 67-78), the Hi®/igdes data which
allow a comparable analysis between the EU coumnttie relation to the
investigation of firms’ innovation activities, ttetudy uses data from the
European Innovation Scoreboard relating to indisatd firms’ activities.
According to the EIS, indicators of firms’ actiws are grouped into three
dimensions, such as: firm investments, linkage &regmeneurship and
intellectual assets. These dimensions and the& sjrecific indicators are
consistent with endogenous growth theory and knagdespillovers theo-
ry. Special attention is also paid in the EIS t@abrand medium-sized en-
terprises (SMEs), which represent 99% of firmshe European Union
(European Commission, 2017).

Empirical analysis uses data with respect to thec&lhtries with a lev-
el of innovation similar to Poland. According teetBEuropean Innovation
Scoreboard, Poland belongs to the moderate innevapmup. Against
other groups of countries, referred to as modesivators, strong innova-
tors and innovation leaders, moderate innovate@sletinguished by inno-
vation performance below that of the EU averagedpean Commission,
2016). This group contains such countries as: @o@lyprus, the Czech
Republic, Estonia, Greece, Hungary, ltaly, Latlighuania, Malta, Po-
land, Portugal, Slovakia, and Spain. The descepshatistics of diagnostic
variables, comprising mean, standard deviationjmim and maximum,
are presented in Table 1.

All diagnostic variables are characterized by sidfit variability (coef-
ficient of variation is higher than 0.1).

In order to empirically analyse how innovation eaitiéés of Polish firms
differ from those from other moderate innovator roies, a multivariate
analysis and zero unitarization method were applidg: usability of the
combination of the multivariate analysis and zerotarization method
indicates the ability to analyse the differencesveen the European Union
countries (Balcerzak, 2015, pp. 190-205) and “essabbmparing the val-
ues of synthetic index for all years” (Balcerza®12, p. 191). In the under-
taken study the application of multivariate anaysnabled a multivariate
analysis of firms’ innovation activities in Polamehd other EU countries
with a level of innovation similar to Poland, whitero unitarization meth-
od allowed normalization of diagnostic variablebug, four classes of the
moderate innovator countries were distinguisheédcduntries with a very
high level of indicators of firms’ innovation acities, (i) countries with
a high level of indicators of firms’ innovation adties, (iii) countries with
an average level of indicators of firms’ innovatiactivities, (iv) countries
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with a low level of indicators of firms’ innovaticactivities. Such grouping
was conducted for each of the EIS innovation dinmssrelated to firm
activities (firm investments, linkage & entreprership and intellectual
assets). The study concerned the period 2008—2015.

Firstly, the study required normalization of diagtio variables. In this
respect, on the basis of the assumption of zerangation method, a con-
stant reference point (the range of the normahzathble) was calculated,
according to the following formula (Kukuta & Bogo2014, p. 7):

R(th) = mi:tjlxxijt — n}gnxijt (D

Because all diagnostic variables are stimulantspéomalization of di-
agnostic variables, the following formula was ug&dkuta & Bogocz,
2014, p. 7):

Xije — MUY e

(2)

Zijt = ;
max x;;; — min x;;
iUt Ty rut

wherez;;, € [0,1]; (i =12,..,n);(=12,..,m); (t=12,..,1)

Next, a synthetic measure was calculated usindoattmeula (Balcerzak,
2015, p. 196):

m

1
SMy; 252 Zijt 3)

j=1

wherez;;, € [0,1]; SM;, € [0,1]; (i = 1,2,...,n); (j = 1,2,....m); (t = 1,2,..., D)
On the ground of the synthetic measure and assongpfor grouping

the EU countries proposed by Balcerzak (2015, 6),1® division of mod-

erate innovator countries into four groups was made

(i) countries with a very high level of indicators afris’ innovation ac-
tivities:

SM;; = SM,; + S(SM;;) 4)

where(i = 1,2, ...,n); (t = 1,2,...,1)
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(i) countries with a high level of indicators of firmehovation activities:
SMy; < SM;; < SMy; + S(SM;;) (5)
where(i = 1,2, ...,n); (t = 1,2,...,1)

(iif) countries with an average level of indicators o8’ innovation ac-
tivities:

SMy — S(SMy) < SMye < SMy, (6)
where(i = 1,2, ...,n); (t = 1,2, ..., 1)

(iv) countries with a low level of indicators of firmisinovation activities:

SMi < SMye — S(SM;) (7)
where(i = 1,2, ...,n); (t = 1,2,...,1)

Where (Balcerzak, 2015, p. 196):

n
1
SM == SM ()
=1

where(i = 1,2, ...,n); (t = 1,2, ..., 1)

1% .
S(SMi) = | ) (SMy, = 5,))? ©
i=1

where(i = 1,2, ...,n); (t = 1,2, ..., 1)

The above procedure allowed for investigating homovation activities
of Polish firms differ from those from other modgrannovator countries.
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Findings

The results of multivariate analysis of firms’ irvation activities in mod-
erate innovator countries are provided in Tabldée 2 (in the Annex). In
line with the obtained results, innovation actegtiof Polish firms differed
in the period 2008-2015 from those from other EUntdes with a level of
innovation similar to Poland. Considering the disien of firm invest-

ments, the results imply that among moderate infooveountries, Polish
firms were distinguished by a relatively low leval business R&D ex-
penditure and non-R&D innovation expenditure (TaBje This situation

was especially seen in the period 2008-2010, whesastments of Polish
firms rank among countries with a low level of mess R&D expenditure
and non-R&D innovation expenditure (similar to Greand Lithuania). In
principle, with respect to firm investments, Polishms differed signifi-

cantly from especially such moderate innovator tees as: Estonia, the
Czech Republic, Portugal, Italy and Spain. Howesgerce 2011 the dis-
tance between Poland and countries with highembasiR&D expenditure
and non-R&D innovation expenditure has decreasée. résults indicate
that during the period 2011-2015 Polish firms iase=l the level of in-
vestment. Against the background of firms from otm®derate innovator
countries, investments of Polish firms ranked itite average group (in
2011, 2013-2014) and the high group of countries2@®12, 2015). It
proves that Polish firms constantly improved theeleof business R&D
expenditure and non-R&D innovation expenditure.

Regarding the linkage & entrepreneurship dimensiba,obtained re-
sults highlight a relatively high distance betwdeslish firms and those
from other countries with a level of innovation ganto Poland (Table 3).
Among moderate innovator countries, Polish firmskeal in the last place
in terms of SMEs innovating in-house, innovative EVtollaborating with
others and public-private co-publications. Suchitaaton concerns the
period 2008-2015 and should be treated as negatipecially in the con-
text of enhancing competitiveness of firms, regiansl country. The re-
sults imply the highest diversity of linkage & estreneurship dimension
between Polish firms and firms from Estonia, Cypansl the Czech Re-
public —countries with the highest indicators f&iEs innovating in-house,
innovative SMEs collaborating with others and pcHpirivate co-
publications. On the other hand, similar to Polanbthw level of linkage &
entrepreneurship indicators distinguished firmsmfrgsuch countries as
Lithuania and Malta.

Concerning the intellectual assets dimension, ¢ésealts indicate the lo-
cation of Polish firms among those from the avemgrgeip of other moder-
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ate innovator countries (Table 4). According to ti®ained results, in
terms of PCT patent applications, PCT patent agiptins in societal chal-
lenges, community trademarks and community desigabsh firms high-
lighted high similarity particularly with firms fim the Czech Republic and
Cyprus. It should be emphasized that within theigrof EU countries with
a level of innovation similar to Poland, Polismis were also distinguished
by low distance to the group of EU countries witlowa level of intellectual
assets (such as Slovakia, Greece, Lithuania). Situiation should be treat-
ed as negative in relation to building a competitadvantage of firms,
regions and countries. Based on the results, tgk Histance between
Polish firms and those from other moderate innavatuntries appeared
with respect to Italy, Estonia and Spain.

Conclusions

This study analysed Polish firms’ innovation adies against those from
the EU countries with a level of innovation simitarPoland. The results of
grouping the countries into four groups reveal ihaterms of innovation
activities, Polish firms differed (in 2008—20151in those from other mod-
erate innovator countries. In this respect, theigosh evidence indicates
that innovation activities of Polish firms differ¢kde most in terms of the
linkage & entrepreneurship dimension. With respecthe other innovation
activities dimensions, Polish firms were distindngid by the lowest level of
SMEs innovating in-house, innovative SMEs collabiogawith others and
public-private co-publications. This situation, fielation to the relatively
low level of intellectual assets, may influenceitad abilities of firms to
adapt to dynamic environment and, in consequeraiss, regions’ and
countries’ abilities to enhance competitivenessthHeumore, besides reduc-
ing the distance between Polish firms’ and firm@rfrmoderate innovator
countries with a high and the very high level osibess R&D expenditure
and non-R&D innovation expenditure, Polish firmavéstments require
further improvement.

These findings have practical and policy implicasioFirst, the findings
call for a regional and country policy to furthepport the enhancement of
firms’ competitiveness, especially in regard to SMBnhovating in-house,
innovative SMEs collaborating with others and pcHpiiivate co-
publications. Such actions should focus, amongrsthen shaping condi-
tions for networking and interactions between tetors and supporting
labour mobility and institutional embeddedness haf &ctors. Second, an
important implication for firms refers to the nesgg to intensify actions to
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strengthen firms’ capabilities of adaptation toidaghanges and uncertainty
in the environment. In this respect, strengthemirggnetwork between uni-
versities, research organizations and institutiem&ironment is also essen-
tial.

This study is not without limitations. The multiicbf indicators of
firms’ innovation activities resulted in presentisglected approaches in
theoretical background. This paper draws also ditators of firms’ inno-
vation activities and data from the European IntiovaScoreboard. It
would be interesting to investigate whether theimietd results also hold in
other spatial contexts (with special attentionegions).

The complexity of firms’ innovation activities reiges further studies.
In terms of future research, it seems importarfotois on other indicators
of firms’ innovation activities as well as on theséstigation of the causes
of differences between Polish firms’ innovationidties and other EU
countries with a level of innovation similar to Rodl.
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Annex

Table 1. Descriptive statistics of diagnostic variables

Variables Mean St.dev. Min  Max
Firm X1t Business R&D expenditure 0.49 027 0.08 0.99
investments Xz Non-R&D innovation expenditure 0.98 0.51 045 231
Linkages & Xa  SMEsinnovating in-house 2541 859 11.73 3944
entrepreneur  x,,  Innovative SMEs collaborating with others 9.93 537 442 2276
ship Xst  Public-private co-publications 1440 737 319 24389
Intellectual Xet PCT patent applications 0.91 056 032 213
assets xz PCT patent applicationsin societal challenges  0.26 0.17 004 057

X  Community trademarks 6.33 640 091 2373

Xo Community designs 2.94 289 033 11.08

Source: own calculations based on data from the European Innovation Scoreboard 2016
(European Commission, 2016).
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