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Purpose - to assess the integration and management of the formation and implementation of the competitive advantages of the Visegrad Four countries in
the European market of information, computer, telecommunication (ICT) services based on their analysis in the individual market segments.

Design/Method/Research approach - this study aims to determine the presence and nature of the competitive advantages of countries in the European ICT
services market based on the calculation of export specialization indicators, to establish factors for their growth and effective implementation based on

the results of structural, regressive, comparative analysis and synthesis .

Findings. It has been suggested that the introduction of the European rules for market organization stimulated the building-up in the Visegrad Four countries
of their competitive advantages in the European ICT services market through innovative investment resources, effective management of private, public

sector and international investors and personnel.

Practical implications. The accession of Eastern European countries to the European digital market and digjtal space requires a generalization of the experience

of the Visegrad four countries and the identification of factors, directions
and priorities of the national policy for the development of the ICT sector.

Originality/Value. Scientific novelty of the study - based on the calculation of
the comparative advantage index, different integration and
effectiveness of managing the competitive advantages of the Visegrad
Four countries, primarily the sphere of IC services to the European
market (relatively high - in the Czech Republic due to state financing,
moderate - in Poland due to financial support from the state, in Slovakia
due to private investment in R&D, low - in Hungary), this situation
requires a balanced innovation and investment strategy of the countries
in the future, the training of a sufficient number of qualified IT specialists,
stimulation of private investment in R&D and business cooperation with
the sphere of knowledge by means of tax and administrative incentives,
facilitating the transition of small and medium-sized businesses on the
principles of economics 4.0.

Paper type - empirical.

Keywords: export specialization; European market; ICT services;
national strategies; innovation and investment factors.
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YnpasAaiHHA npouecom ¢opMyBaHHA
Ta peasnisayii KOHKYPEHTHUX nepesar
KpaiH BuwerpaacbKoi YeTBipku

Ha eBponeicbkomy puHKyY IKT nocayr

Hamanis OnekcanopieHa KpacHikoea,
OneHa BacusieHa 4390,

Onvbza FeHHadiieHa MuxatlineHKo,
Kupuso OnexcaHoposu4 pevuH

AHinposcbkuli HauioHanbHUU yHisepcumem
imeHi Onecs F'oHuapa, AHinpo, YkpdiHa
TOB «flondi-YkpdiHa», AHinpo, YKpdiHa

MeTa po60oTM — AaTW OLiHKY iHTErpoBaHOCTI Ta YMNpaB/iHHIO
npotecom GpOpMyBaHHA Ta peanizaLlii KOHKYPeHTHMUX nepesar
KpaiH BuwerpaacbKkoi YeTBipKM Ha €BPOMENCbKOMY PUHKY
iHpOpMaLiHUX, KOMM'IOTEPHUX, Te/neKOoMyHiKaLiiHux (IKT)
MOC/Yr Ha OCHOBI X aHa i3y Ta B OKPEMUX CErMEHTaX PUHKY.

Ausaitn/MeTtoa/MNAaH gociigKeHHs. Lle 4ocigKeHHA HalineHe Ha
Te, W06 BM3HAYUTM HAABHICTb Ta XapaKTep KOHKYPEHTHMX
repesar KpaiH Ha eBporneicbkomy puHKY IKT nocayr Ha ocHOBI
PO3paxyHKy NOKa3HMKIB eKCNOPTHOI crneLiaizaLii, BCTaHOBUTH
YMHHUKKM TX HapollyBaHHA Ta edeKTuBHOI peanisauii 3a
pesy/bTaTaMu CTPYKTYPHOro, perpeciiiHoro, KomnapaTusHOro
aHani3y Ta cMHTesy.

PesysbTat  gocrigkeHHAa.  3pob6/eHO  npunylleHHs, WO
3anpoBa/KeHHA €BPOMENCbKUX MpaBW/  OpraHisauii puHKY
CTUMY/OBAZI0  HapoOLyBaHHA B KpaiHax Buiwerpagcbkoi
YeTBIPKM iX KOHKYPEHTHUX MepeBar Ha EBPOMNENCbKOMY PUHKY
IKT nocnyr 3a paxyHOK iHHOBaLiMHO-IHBECTULIMHUX pecypciB,
epeKTUBHOro ynpas/iHHA KOLITaMu NPUBATHOrO, AE€P>KaBHOIO
CEeKTOpiB i KOWTamMu  MiKHapogHUX  iHBecTOpiB  Ta
3abe3neyeHHA NepcoHa/IoM.

MpaKkTUYHe 3HaYeHHA AOCAiAKEHHA. [pUeAHaAHHA KpaiH CxigHOT
€BpPONKU A0 EBPONENCHKOro LUPPOBOro pUHKY Ta LMPpOBOro
npoctopy  noTtpebye  ysarasbHeHHA  AOCBigy  KpaiH
BuwerpagcbKoi YeTBipKYM I BU3HaY€HHA YMHHUKIB, HanpAMIB Ta
npiOpUTETHUX 3aBAAHb HaLiOHa/NbHOI NOAITUKM PO3BUTKY IKT
ceKTopy.

OpMriHaAbHICTb/LiHHICTL/ HayKOBa HOBU3HA AOC/IAXKEHHA — Ha

OCHOBi  pO3paxyHKy iHAEKCYy MOpPiBHA/MbHMX  nepesar
BCTQHOB/IEHA Ppi3Ha [HTErpoBaHiCTb Ta Ppe3y/IbTaTUBHICTb
yrnpaBAiHHA KOHKYPEHTHUMM nepesaramu KpaiH

BuiuerpaacbKkoi veTsipku, nepuioveproso, cpepu IKT nocayr
A0 EBPOMENCHKOro puHKY (BiAHOCHO BMCOKa — B Yexii 3a
PaxyHOK geprKaBHOro ¢piHaHCyBaHHA, nomMipHa — Mo/bLyi Yepes
¢diHaHcOBY niATPUMKY AepaBu, CA0BaY4MHM 33 PaxXyHOK
npuBaTtHuX iHBecTuLiit y HAAKP, H13bKa — YropLuyuHu), wo B
MaibyTHbOMY notpebye BMBAXKEHOI iHHOBaLiMHO-
iHBeCTMUiiHOT cTpaTerii KpaiH, MiArOTOBKM y A0CTaTHbOMY
o6casi  BucokokBasidikoBanux  daxisuis 1T ranysi,
CTUMY/IIOBAHHA NpUBaTHUX iHBecTMLi B HAAKP Ta koonepauii
6i3Hecy 3i cdpepoto 3HaHb Yepes NoAATKOBI Ta aAMIHICTPATUBHI
CTUMY/IU, CTIPUAHHA Nepexoay Masioro Ta cepeaHboro bisHecy
Ha 3aca/i1 eKOHOMIKM 4.0.

Tun cTaTTi — emnipuiHUiA.
Kaouosi  cnoea:  ekcnopTHa  creujianisalis;  €BPOMeNCbKMi

puHoK; IKT nocayru; HauioHanbHi cTpaterii; iHHOBaLiliHO-
{HBECTULHI YUHHUKN.

O

Ynpas/aeHue npoueccom ¢opmM1UpOBaHUA

1 peanM3al i KOHKYPEHTHbIX NPeMMyLLecTB
CTpaH BblwerpagcKkoii YeTBepKU

Ha eBponeiickom pbiHke UKT ycayr

Hamanus AsekcaHopoeHa KpacHukoea,
EneHa BacuavesHa 4390,

Onbza FeHHaduesHa MuxatizieHKo,
Kupunn Anekcanoposuu I'peuuH

AHenposckull HaUUOHA/bHbIU YyHUBEPCUMEM
umeHu Oneca [oHuapa, AHenp, YKpauHa
000 «flondu-YkpauHa», [iHenp, YKpauHa

Llenb paboTbl — AaTb OLEHKY MHTErPUPOBAHHOCTU W yrpaB/eHUIO
npoueccom GOPMMPOBAHWA W peanu3alum KOHKYPEHTHbIX
npeMmyLlecTs  CTpaH  Bbllerpagckolt  4YeTBepKM  Ha
€BPOMENCKOM  PblHKE MHPOPMALIMOHHbBIX, KOMMbIOTEPHbIX,
Te/NeKOMMYHUKaLMOHHbIX (MKT) ycayr Ha ocHoBe vx aHanm3a u
B OT/,€/IbHbIX CerMEHTaXx pbIHKa.

Aumsaitn/MeTog/lMAaH uccreaoBaHUA. 3TO UCC/1e40BaHME HaLe/1eHO
Ha TO, YTOObI ONpeae/MTb Ha/IMYUE U XapaKTep KOHKYPEHTHbIX
NpenMyLLecTs CTpaH Ha eBporneickomM pbiHke UKT ycayr Ha
OCHOBE pacyeTa MOKasaTe/eil 3KCMOPTHOW cneumanmnsalmm,
yCTaHOBUTb (aKkTOpbl WX HapawwmBaHuA U 3GPeKTUBHOM
peanusaLum no pesysbTaTamM CTPYKTYPHOrO, perpecCUOHHOro,
CPaBHUTE/IbHOTO aHa/M3a U CMHTe3a.

Pesy/ibTaThl uccnegoBaHuA. CAenaHo  NpeArno/ioxKeHue, 4To
BBE/leHMe  EeBPOMEeNCKUMX TMpaBW/A  OpraHu3auuuM  pbliHKa
CTUMY/MPOBa/NO HapallMBaHWe B CTpaHax Bbiwerpagckoi
YeTBEPKM MX KOHKYPEHTHbIX MPeMMYLLeCTB Ha €BPOMeNCKOM
pbiHke MKT ycayr 3a c4eT MHHOBaLMOHHO-MHBECTULIMOHHbIX
pecypcoB, 3pPeKTUBHOrO ynpaB/1eHna cpeACcTBaMM YacTHOr o,
rocyapCTBEHHOrO CEKTOPOB, CPeACTBaMMU MeXAyHapOAHbIX
MHBECTOPOB 1 obecneyeHns nepcoHa/iom.

MpaKTnyeckoe 3HavyeHue uccaegoBaHusa. [pucoeanHeHne CTpaH
BocTo4HoW EBponbl K eBponenckomy LMGPOBYK PbIHKY M
uMppoBy MPOCTPaHCTBY TpebyeT 0600LLEeHUA onbiTa CTpaH
Bbllwerpagckolt  4eTBepkM U onpegeseHus  HAKTOPOB,
HarnpaBs/I€HWI M NPUOPUTETHbIX 3a/,a4 HaLMOHA/IbHOM NMO/IMTUKM
passutua UKT cexkTopa.

OpUrMHa/ZbHOCTB | LLIEHHOCTb [ Hay4Has HOBM3HA UCC/IE40BaHUA - Ha
OCHOBE pacyeTa WHAEKCa CPaBHUTE/IbHbIX MPenuMyLLecTs
yCTaHOB/I€Ha pa3HadA MHTErpUPOBaHHOCTb M Pe3y/IbTaTUBHOCTb
yripaB/leHUA  KOHKYPEHTHbIMM  MpeumyliecTBamu  CTpaH
Bblwerpagckoit 4eTBepKkM, B nepByto o4vepedb, cdepbl UMKT
YCAYr K eBpOMeicKoMy pblHKY (OTHOCUTE/IbHO BbICOKAsA — B
Yexunm 3a C4eT rocyAapcTBEHHOro  ¢UHaHCMPOBaHMWA,
ymepeHHaa - [losbwm  u3-3a  GUHAHCOBOM MOAAEPXKKM
rocygapctea, (/10BakMM 3a CHET YaCTHbIX MHBECTMUMIA B
HUOKP, Huskas - Benrpuu), uyto B Oyaywem Tpebyer
B3BELUEHHOM  WMHHOBALMOHHO-MHBECTULMOHHOW  CTpaTeruu
CTpaH, NnoAroTOBKM B £,0CTaTOYHOM obbeme
BbICOKOKBA/MPULIMPOBaHHbIX crneurannctos WUT oTpacim,
CTUMY/AMPOBaHWE  YacTHbIX  uHBecTMUMi B  HUOKP 1
Koornepaumu busHeca co cpepoii 3HaHUI Yepes Ha/lorosble U
a/iMMHUCTPaATMBHbIE CTUMY/Ibl, CO/ICTBUE Nepexoay Ma/ioro 1
cpegHero 6usHeca Ha NMPUHLMIbI SKOHOMUKM 4.0.

Twun cTatbu — BMHMPMHECKMI‘/I].
Kntouesvie cno8a: 3KCNOpTHaA cneuuasnsaumag eBpOl‘IEI‘;iCKMﬁ

PbIHOK; NKT ycnyru; HauMOHa/IbHble cTparte
rMW; MHHOBALIMOHHO-UHBECTULMOHHbIE PaKTOPbI.
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1. Introduction

meant the spread of European common market rules and

competition to national markets and companies in Poland,
the Czech Republic, Hungary and Slovakia. In the early 2000s. the
EU recognized that the future of a competitive Europe is based on
innovation and investment in high-tech industries, including in the
ICT field. For ICT companies and the governments of the “new”
member countries, this put on the agenda the question of the
formation and implementation of competitive advantages in the
European market. The proclamation in 2018 by the European
Commission of the prospect of building a single digital market for
the EU actualizes the management of competitive advantages in
the ICT services market.

:: oining in 2004. The countries of the Visegrad Four in the EU

Prospects for realizing the competitive advantages of the four
countries in the European market are primarily associated with
their successful integration into the common digital market of the
EU. On the one hand, the creation of a digital market will increase
the productivity of the economy based on IT technologies and the
exchange of knowledge - according to the European Commission,
the construction of a DSM should ensure an increase in European
GDP of 415 billion euros annually (European Commission, 2015).
According to expert estimates by McKinsey & Company, the
implementation of the latest technologies (including Artificial
Intelligence, big data, etc.) should ensure an annual GDP growth of
the EU countries by 1.1% by 2030, or a net total increase in size
2200000000000 Euro (European Commission, 2020a).

The prospects for realizing the competitive advantages of the four
countries in the field of ICTs largely depend on the conformity of
national policies with the goals and objectives defined in the
framework of the EU research and innovation policy. In particular,
V4 countries must become members of the European Digital Space
and Digital Single Market (DSM). The digital common market
provides freedom of information flow within the EU,
complementing the four fundamental freedoms of the common
market. Within the digital space, European citizens and enterprises
will be able to freely access information, as well as goods and
services online, regardless of country of origin (European
Commission, 2015).

According to the roadmap for building a digital common market,
the implementation of 30 legislative acts is planned, 28 of which
have already been considered and adopted by the European
Parliament and the EU Council (European Commission, 2018a). In
April 2019, the European Parliament adopted the Digital Common
Market Copyright Directive (2019/790), the first of a package of
documents within the digital common market that came into force
in June of that year (EUR-Lex, 2019). Within two years, member
countries must bring the national legislation into line with the new
directive.

According to the European Commission (European Commission,
2015), on average, in every European country 42% of digital services
are provided by national providers, 54% by US companies, and only
4% by other member countries within the common market.
Building a common digital market will allow European ICT
companies to provide services freely to nearly 500 million
consumers throughout the common market.

2. Problem statement

process of formation and implementation of the competitive

advantages of the Visegrad Four countries in the European
market of IC services based on the analysis of their competitive
advantages and in its individual segments. To achieve this goal it is
necessary to solve the following tasks: to determine the presence
and nature of the competitive advantages of countries in the
European market of infrared services; establish factors for
increasing competitive advantages; evaluate the effectiveness of
managing competitive advantages at the national level. We

C he purpose of the work was to assess the management of the

&0

hypothesized that the introduction of European rules for market
organization stimulated the build-up of competitive advantages in
the European Visegrad Four countries in the European ICT services
market through innovative investment resources and effective
management of private, public sector and international investors
and personnel.

3. Methodology

o determine the competitive advantages of the Visegrad Four
<]>countries after joining the EU, we calculated Balassa (1965) ICT

services (RCA services) indices for each of them, with RCA> 1
indicating the existing competitive advantages. Comparison of the
average and initial value of the B. Balassa indices for the period
2004-2017. It allowed to establish the development vector of the
competitive advantages of the ICT sector, namely: building up (in
the case when the average value exceeds the initial, RCA _ser>RCA
_1) or loss of competitive advantages (in the case when the initial
value exceeds the average, RCA _ser <RCA _1) for each country.
The assessment of the resource base for the formation of
competitive advantages in the European ICT services market is
based on the construction and analysis of regression models
between the values of the competitive advantage indices and the
tested factors. Considering the results of Bochkova (2013) research
and Eurostat statistics, the following indicators were selected as
factors in the formation of competitive advantages in the
European ICT services market: company spending on R&D —
includes expenses of enterprises of all sizes and forms of
ownership of R&D only at the expense of their own funds
government spending on R&D - defined as the sum of government
allocations and other expenses from the state budget for R&D;
R&D expenses from funds of foreign origin - include expenses on
innovations financed from funds of foreign entities, including
foreign companies, European Structural Funds (ESF) and
international organizations; the number of employees in R&D - the
total number of people employed in research and innovation;
average salary of a specialist in the field of ICT services. The
calculation of the values of the level and intensity of intra-industry
trade (between the countries of the Visegrad Four) made it
possible to establish the nature of competition in the ICT services
market. The formation of competitive advantages in industries
with high trade intensity is stimulated by intense competition, and
in industries with high levels of intra-industry trade, it is due to the
advantages obtained through economies of scale.

We used the methods of an integrated approach, grouping,
average values, structural, comparative, regression analysis and
synthesis. The information base for quantitative and qualitative
analysis was formed by Eurostat statistics on the development of
international trade in ICT services of the Visegrad Four countries
(Poland, Czech Republic, Hungary, Slovakia) for the period from
2004 to 2017.

4. Results

Central and Eastern Europe, based on the transition to market

principles of management, accelerated in the Visegrad Four
countries with accession to the EU. The “intensification” of the
service sector is indicated not only by a change in the structure of
the economy, outstripping its growth rates behind the
manufacturing sector, but also by qualitative changes in the
external sector — the trade and investment sectors (Melikhova,
Baz"6, Holubcova, & Camacho José, 2015). For example, Zhedlichka,
Kotian, & Munz (2014) indicate the increase in the export quota of
countries, and the total export of goods from the Visegrad Four
countries increased more than 2.5 times during 2003-2013. One of
the advantages of the common market is the demonopolization of
telecommunications. Kovdrnik and Khamplova (2016) established
different dynamics of export of countries and the attraction of
trade flows to Germany (Kovdrnik, & Hamplovd, 2020).

:: he process of “tertization” of economies in the countries of
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Features of the development of the ICT sector of the countries
studied by European authors. Thus, the influence of industry
(based on the Hershintal index) and regional concentration
(according to the Krugman index) ICT sectors on the growth of
competitiveness in Poland, the Czech Republic, Hungary, Slovakia
and Austria was studied by Turec¢kova (2016). Puzhova K. and
Mareshova P. assessed the competitiveness of the Czech
Republic's ICT industry on the world market (PdZovd, Maresovd,
2014), the “strengths” and “weaknesses” and innovativeness of
the ICT sector in Hungary were identified in the work of Fekd (2011).
The regional concentration of ICT complexes in Poland and the
Czech Republic was the subject of research by Schwinta (2014).
Thus, the main attention of the authors is focused on the internal
laws of the development and competitiveness of the ICT industry,
the issue of export specialization and market integration after
entry into the EU remain outside the focus of the study.

Szent-lvany (2017) points to the different priority of the ICT sector
for foreign direct investors of the four countries. So, for the Czech
Republic - 8th place, Poland - 7th, Slovakia - 5th, Hungary - 4th
place. The author has identified three groups of challenges that FDI
promotion countries of the Visegrad Four are facing, but are still

not coping with, including: the changing competitive advantages
of V4; the dubious effects of FDI in the long run; the volatile nature
of multinational production.

The approximation of the economic structure of the Visegrad four
European countries means the formation and deepening of export
specialization in the services sector of countries based on
comparative | competitive advantages. The most comprehensive
study of the competitive advantages of countries, regions and
individual firms is presented in M. Porter, the author of the
competitive advantage rhombus theory and the theory of the four
stages of development of the national economy (Porter, 1990). The
tools and methods for quantitative assessment of comparative and
competitive advantages are given in the work of Balass (1965),
Volrat (Vollrath, 1991).

According to the results of 2017, among the four countries only in
the Czech Republic and Slovakia competitive advantages
expressed by RCA indices > 1 were found. Hungary and Poland
showed comparative advantages with the indices of 0.74 and 0.90,
respectively.

Table 1
- Competitive advantages of V4 countries and the dynamics of their development in the European ICT services market, 2017
Indicator | Czech Republic | Hungary | Poland | Slovakia
Identified comparative and competitive advantages of countries
RCA,p17 1,20 0,74 0,90 1,28
Advantages nature Competitive Comparative Comparative Competitive
Dynamics of development of comparative and competitive advantages
RCAp04 0,40 0,80 0,41 0,69
RCAep 1,00 0,80 0,65 0,91
Growth Rate 2,50 1,00 1,60 1,31

*Source: calculated by the authors based on data (Eurostat, 2019).

Balassa average indices for 2004-2017 are given in table 1. When
comparing with the indices for 2004 it can be concluded that all
four countries have shown increasing comparative or competitive
advantages for the period of EU membership. According to the
growth rate, the Czech Republic and Poland showed the greatest
value. In Hungary alone, the Balassa index for 2017 was below the
2004 figure and low among the four countries, indicating a relative
"closed" market. Our results do not contradict the conclusions of
Tureckovd (2016), which indicates the narrow industry
specialization of the ICT market in Hungary.

A comparative analysis of the Visegrad Four countries allowed
Kovalskaya, Kovarnik, & Khamplova (2018) to establish different
significance but the leading role of innovative factors for
macroeconomic dynamics and global competitiveness of
countries. Bochkova (2013) considers R&D funding in the Visegrad
Four countries to be a leading factor in the competitiveness of the

countries of the region. Kapik, & Drahokoupil (2011) assess FDI in the
business services sector as a factor in building the “knowledge
economy” of the countries of the region.

The results of an empirical study by Sebovd, & Houdes (2012) point
to the close interaction of the knowledge sphere and the ICT
sphere in the region of Eastern Slovakia. The authors emphasize
the importance of local and translocal interaction in the region and
the country, the role of social capital and the existing potential for
clustering.

In order to determine the formation factors of the comparative or
competitive advantages of the V4 countries, we have constructed
models of the linear dependence of the Balass indices for 2004-
2017 from the factors listed above. The obtained coefficients of
determination are given in Table 2.

Table 2

Results of the analysis of the dependence of the RCA index on selected factors for the formation of competitive advantages in ICT services *

Factor Determination coefficient R?
Czech Republic Hungary Poland Slovakia
R&D expenses of companies 0,51 0,33 0,80 0,64
Public spending on research and development 0,52 0,08 0,86 0,53
Foreign financing of research and development 0,32 0,58 0,56 0,16
Headcount in R&D 0,52 0,39 0,58 0,74
Salary in ICT 0,46 0,10 0,60 0,19

*Source: calculated by the authors based on data (Eurostat, 2019).

It should be noted that the equation of dependence on Czech
foreign financing and on the number of employed and wages in
Poland received an average approximation error A> 15% (Table 4),
which indicates unsatisfactory accuracy of the models. All other
equations obtained have a low approximation error, that is, they
provide high prediction accuracy and are suitable for use.

To check all the constructed models, one should use the table value
of the Fisher criterion F_table = F ((0.05, 1, 12)) = 4.75. The actual

&b

values of the Fisher test for each model are given in Table 3. Based
on the results of the audit, it was found that only models of the
dependence on R&D costs at the expense of companies own funds
and the number of research personnel are adequate for all four
countries with a significance level of a = 0.05. Models of
dependence on state funding turned out to be adequate for all V4
countries except Hungary, and on foreign financing for all but
Slovakia. Among salary dependence models, only Czech Republic
and Poland regression passed the Fisher test.
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Table 3
Average approximation errors (A) and actual values of the Fisher test (F) for dependency models
Factor Czech Republic Hungary Poland Slovakia
A% F A% F A% F A% F

R&D expenses of companies 12,9 12,5 8,7 5,9 12,8 47,6 8,3 21,8
Government R&D expenditures 13,6 12,9 10,0 1,1 8,6 73,3 9,2 13,3
Foreign R&D funding 15,5 5,7 6,2 16,3 13,8 15,5 13,4 2,3
Headcount in R&D 12,0 13,1 8,1 7,8 18,7 16,7 6,8 34,3
Salary in ICT 14,2 10,2 10,2 1,3 16,5 17,7 13,7 2,9

*Source: calculated by the authors based on data (Eurostat, 2019).

The resulting determination coefficients differ significantly in the
countries of the group. Thus, models of the dependence of the
Balass indices on R&D costs of enterprises at their own expense
showed a close relationship in all four countries, except Hungary
(moderate connection at R ~ 2 = 0.33). Indeed, in the structure of
the total expenditures of the V4 countries on R&D, the funds of
enterprises are the main source of financing (Table 4).
Nevertheless, the obtained coefficients of determination show

that in all four countries, except Slovakia, investment from other
sources influenced the formation of the competitive advantages of
ICT services to a greater extent. This can be explained by the fact
that most of the expenses of private companies were directed to
innovations in industry, while the high-tech services sector
accounted for less than 20% of total R&D investments (Eurostat,
2019).

Table 4

the Structure of the spending of countries V4 on research and development by sources of funding in 2017"

Enterprises State budget Foreign sources
Country expenses, million In % of total expenses, million In % of total expenses, million In % of total
euros expenses euros expenses euros expenses

Czech Republic 1350,0 39,8 1186,4 34,9 858,7 25,3
Hungary 881,3 53,0 533,6 32,1 248,9 15,0
Poland 2539,9 54,3 1850,5 39,6 287,8 6,2
Slovakia 367,2 49,9 265,9 36,1 102,9 14,0
V4 together 5138,4 0,49 3 836,4 0,37 1498,2 0,14

*Source: foldable by authors based on data (Eurostat, 2019).

The relationship between comparative advantage and government
spending on R&D was dense in all four countries except Hungary.
At the same time, the Polish model (R * 2 = 0.86) has the highest
determination coefficient, for which public investment in R&D is a
strong factor in the development of the competitive advantages of
the ICT sector. It should be noted that, in absolute terms, the Polish
budget spends significantly more funds on research and
development than in other countries - about 18.5 billion euros in
2017. Compared with 1,920,000,000 in the Czech Republic (Table 4).
In Poland and Slovakia, a significant part of the targeted state
support is aimed specifically at the formation of regional IT
clusters, the main task of which is to ensure the competitiveness of
computer services through the cooperation of education and
entrepreneurship (European Commission, 2020b).

Models of the dependence of the Balass indices on foreign R&D
funding showed a strong dependence (0.5 <R ” 2 <1) in Hungary and
Poland. In absolute terms, the Czech Republic received significantly
more investment in R&D from foreign sources than the other four
countries - more than 858 million euros in 2017 (Table 4).
Nevertheless, the obtained coefficients of determination indicate
that foreign financing has had the greatest impact on the

competitive advantages of ICT services in Hungary, where foreign
enterprises and TNC units dominate. According to estimates by the
Hungarian Central Statistical Office, about 78% of total research
and development costs and 60% of research staff costs are
provided by international companies, their units, and joint ventures
(European Commission, 2020b).

Models of the dependence on the number of personnel employed
in R&D showed a strong dependence of all four countries (0.5 <R *
2 <1), except Hungary (moderate dependence - 0.25 <R ” 2 <0.5).
Over the years of EU membership, all four countries showed an
increase in the number of researchers, Poland showed the greatest
growth - almost 1.9 times (Table 5). However, compared to other
EU countries, the number of people employed in science and
technology in V4 countries remains low. In particular, in 2017, IT
companies in the Czech Republic, Poland, and Slovakia reported a
shortage of specialists from the latest digital and information
technologies in general (European Commission, 2020b). But in
Hungary, the share of IT graduates is quite high (4.3% versus 3.5%
on average in the EU), and the share of IT professionals in the total
structure of employees corresponds to the EU average (3.6%)
(European Commission, 2018b).

Table 5
Comparison of the number of people employed in R&D in V4 countries in 2004 and 2017, thousand people*
Year | Czech Republic | Hungary | Poland Slovakia
The number of employees in research and development

2004 60,15 49,62 127,36 22,22

2017 107,73 60,93 239,28 33,47
Growth Rate 1,79 1,23 1,88 1,51

The average monthly salary of employees

2004 831 858 778 658

2017 1640 1281 1208 1403
Growth Rate 1,97 1,49 1,55 2,13

*Source: foldable by authors based on data (Eurostat, 2019).

The relationship between the average level of wages and
competitive advantages was found only in the Czech Republic
(moderate connection - 0.25 <R ~ 2 <0.5) and Poland (close

&0

connection - 0.5 <R~ 2 <1). It should be noted that in both countries
the relationship between the coefficients of comparative
advantages and the level of wages was direct. Although anincrease


пк
Штамп


ISSN 2519-8564 (print), ISSN 2523-451X (online). European Journal of Management Issues. — 2020. - 28 (1-2)

in salaries leads to an increase in the cost of services provided, the
comparative advantage indices also increased (Table 5). That is, it
cannot be considered that in relation to cheaper labor costs have
formed the competitive advantages of the V4 countries in the
European ICT services market.

The complex of ICT services includes three categories:
telecommunication, computer and information services. To
determine the groups of services for which V4 countries have

competitive advantages in the European market, we calculated the
Balassa indices (Table 6). According to the calculations, it was
determined that V4 countries have competitive advantages only in
the provision of computer services (RCA =1.01> 1). According to the
Eurostat economic activity classifier (NACERev. 2), the category of
computer services includes software development services, as well
as maintenance and advice on computer equipment. The highest
Balass coefficient in this category was shown by the Czech
Republic (RCA = 1.24).

Table 6

Indices of the revealed comparative advantages of V4 countries in certain segments of the EU ICT services market in 2017"

X Intra-industry trade level, million . . .
Type of service RCA industry Euro Vel mil ntra-industry trade intensity, %
Telecommunication services 0,81 2353,8 99
Computer services 1,01 7982,2 77
Information services 0,80 789,6 99

*Source: calculated by the authors based on data (Eurostat, 2019).

We also calculated indicators of the level and intensity of intra-
industry trade in ICT services of V4 countries with the EU.
According to the results of calculations, a high level of intra-
industry trade is observed in the provision of computer services,
and the highest intensity is in telecommunication and information
services (Table 6).

Although the level of intra-industry trade of the four countries with
computer services in the EU is quite high, the intensity indicator is
lower than for other services or, for example, for agricultural
products (Dzyad, Krasnikova & Hrechyn, 2019). This is because of

the fact V4 countries export much more computer services to EU
countries than they import (more than 1.6 times).

Based on the results obtained, it can be concluded that increasing
the competitive advantages of the four countries in the European
ICT services market depends primarily on the ability of national
computer service providers to develop and implement
innovations. It should be noted that today the vast majority of V4
countries' investments in R&D are concentrated in industry.
Innovation spending in ICTs is less than 15% of total R&D spending
of companies in the four countries (Table 7).

Table 7
Expenditures of the ICT complex for R&D, 2017"
Indicator Czech Republic Hungary Poland Slovakia
R&D expenses of the ICT complex, million euros 197,11 60,19 382,00 49,43
Share of ICT in R&D expenses of companies,% 14,6 6,83 15,04 13,46

*Source: calculated by the authors based on data (Eurostat, 2019).

The calculations show the potential for the development of ICT
services in the four countries, especially computer services. The
reorientation of the research activities of the V4 countries from the
needs of industry to the development of ICT services would allow
them to be competitive in the European computer services market
and export products with a greater share of added value than the
current leading export positions - automobiles and cars.

Among the four countries, the Czech Republic, which is one of the
five European countries with the largest share of small and
medium-sized businesses that provide services or sell goods online
(23%) and the largest share of e-commerce in the total turnover of
SMEs, should receive the greatest benefits from building a
common digital market ( 18%). However, the lack of IT specialists
(which 79% of Czech IT companies reported on) and small volumes
of venture financing (less than 1% of GDP, one of the lowest rates
in the EU) remain problematic issues (European Commission,
2018b).

In this context, the ‘“National Strategy for the Development of the
Capital Market" provides for the financing of 20,000 innovative
projects in 2020-2050 for a total of 315 billion euros. According to
the government program ““Czech Republic - the country of the
future”, by 2030 the country should become a world leader in the
field of artificial intelligence. Already today, funding for Al research
centers in Prague and Brno exceeds € 250 million; 40% of the total
number of industrial robots in the V4 countries work in the Czech
Republic. Automation of the Czech industry has doubled the
potential economic growth rate to 4% in 2033.

On the other hand, according to government estimates, the
implementation of the latest technologies, especially artificial
intelligence and automation of production, can crowd out the
labor of 3,400,000 Czech workers by 2050 (European Commission,
2018b).

&0

The share of the Hungarian ICT sector in the country's GDP is over
5% - the best indicator among the four countries, and the 7th best
among the EU countries (European Commission, 2019).

In terms of venture investment levels, Hungary also ranks first in
V4 with anindicator of almost 6% of GDP (Eurostat, 2019). However,
55% of Hungarian companies show very low levels of digitalization,
and less than 15% use advanced IT technologies, including cloud and
big data (the lowest among the four countries). A shortage of IT
professionals is also a characteristic feature of the Hungarian labor
market - 75% of IT companies report a lack of staff (European
Commission, 2018b). In order to meet the demand for qualified
personnel in the country, the Hungarian Academy of Sciences has
programs to support young researchers (total budget of 14.5
million euros) and a program for the return of emigrant scientists
(18.1 million euros). At the same time, the dominant share of
investment in innovation (70%) is provided by foreign companies
and EU structural funds, while state funding for R&D remains at the
level of 2008 (European Commission, 2019).

Poland is the largest provider of ICT services among V4 in absolute
terms, and ranks ninth among the EU countries (European
Commission, 2019).

However, only 4% of Polish enterprises export goods or services
online, and less than 10% use the latest technology. About a third of
Polish companies say that low levels of digitalization are due to the
low share of graduates in IT specialties (3.1% compared to 3.5% on
average in the EU). Although private investment in R&D has more
than quadrupled during EU membership, the growth rate of patent
applications and high-tech exports remains moderate (European
Commission, 2018b).

The “Operational Program for Building Digital Poland” should
provide training for specialists in cybersecurity, artificial
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intelligence, big data, etc. in 2021-2027, and launched in 2019.
Lukashevich’s research network will become a platform for
cooperation between science and business, especially SMEs.

In Slovakia, research and innovation depends heavily on ESF
funding (39%), while the level of business spending on R&D remains
one of the lowest in Europe (0.45% of GDP) (European Commission,
2020b). As a result, Slovakia is inferior to all V4 countries in the
number of high-tech patent applications. To stimulate business
investment in 2018 alone, 72 million euros of tax credit were
compensated to companies that carried out R&D. To improve the
digitalization of the economy (only 13% of companies use the latest
technology), the “Slovakia 2030 Digital Transformation Strategy” has
been developed, which provides for the creation of regional IT clusters
in Bratislava and Zhylin, as well as the creation of the National Center
for Artificial Intelligence Research. Slovakia, like the Czech Republic, is
one of the world leaders in industrial automation. According to the
estimates of Slovak scientists, the deepening of production robotics
can change or completely eliminate up to 64% of jobs in Slovakia
(European Commission, 2018b).

5. Conclusions

the existing ones are competitive, and in Hungary and Poland

they have comparative advantages in the EU ICT services
market. Ensuring four freedoms, implementing a European
competition policy, national efforts on research, innovation,
investment and competitiveness in the V4 countries led to an
increase in export specialization, which indicates a relatively high
integration and effectiveness of competitive advantage
management in the Czech Republic, moderate in Poland and
Slovakia low - in Hungary. Countries have demonstrated
competitive advantage primarily in the computer services
segment. According to the results of the regression analysis, it was
found that the main factors in the formation of the competitive
advantages of the V4 countries in the European ICT services market
were investments in development, innovation and R&D. At the
same time, in Slovakia the greatest impact was played by
companies' investments in research and development, in Hungary
- foreign financing of research and development, and in the Czech
Republic and Poland - state. Another significant factor was the
increase in the total number of specialists involved in R&D.

:: he analysis showed that in the Czech Republic and Slovakia

Building a common digital market will increase competitive
pressure on the IT companies of the four countries that will
compete with the largest European suppliers (Germany, France,
Italy, Spain, Ireland) not only in international but also in national
markets. In addition, the latest technology and automation of
production require the reorientation of millions of workers in
industry to work in the service sector, including in ICT. Therefore,
in order to realize the competitive advantages in the European
market of ICT services and to benefit from the joint digital market,
the V4 countries should: ensure the training of specialized
personnel of sufficient quantity and quality; Encourage private
investment in R&D and business cooperation with science and
education through tax and administrative incentives; promote the
digitalization of national economies, especially SMEs.

The practical value lies in the generalized experience of the
Visegrad four countries and in determining the factors, directions
and priorities of the national policy for the development of the ICT
sector in the transition to the digital economy.

Prospects for further research are related to the assessment of
socio-economic changes in labor markets under the influence of
digitalization.
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Appendices
A - Estimated data for regression models
Table A.1
Estimated data for regression models, 2004-2010"
Country Indicator 2004 2005 2006 2007 2008 2009 2010
v RCA 0,3995 0,8085 1,1083 0,9818 0,8619 1,0145 0,8323
§ Expenses of companies, million euros 581,05 617,30 749,20 849,67 900,64 765,11 854,17
& Government spending, million euros 460,79 579,15 686,09 805,37 895,62 919,27 930,98
z Overseas. financing, million euros 40,67 69,08 72,74 130,82 177,63 217,00 291,74
§ Headcount 60148 65379 69162 73081 74508 75788 77903
e Salary in ICT, Euro 831 964 1076 1451 1426 1385 1469
RCA 0,7967 0,7799 0,8749 0,9015 0,9242 0,9879 0,915
- Expenses of companies, million euros 267,63 330,39 389,92 428,76 511,64 495,46 533,46
{:CGD Governmer?t spe'nding,' n.1illion euros 373,71 413,89 403,16 434,12 442,93 448,02 442,97
5 Overseas. financing, million euros 74,67 89,38 101,71 108,35 98,22 116,36 139,11
* Headcount 49615 49723 50411 49485 50279 52522 53991
Salary in ICT, Euro 858 962 954 1129 1125 1053 1045
RCA 0,4069 0,3418 0,4292 0,4678 0,4776 0,5485 0,6426
5 Expenses of companies, million euros 347,11 462,12 499,94 604,17 668,32 567,87 636,62
= Government spending, million euros 702,22 799,68 869,02 1033,6 1311,95 1266,82 1588,88
E Overseas. financing, million euros 58,72 79,59 106,42 118,48 118,90 115,21 308,16
Headcount 127356 123431 121283 121623 119682 120923 129792
Salary in ICT, Euro 778 876 980 1024 174 959 1078
RCA 0,6930 0,6286 0,9173 0,7781 0,7607 0,8255 0,8673
o Expenses of companies, million euros 66,64 71,14 75,70 89,74 105,77 106,38 145,98
% Government spending, million euros 99,39 110,85 120,33 135,93 159,60 153,20 206,4
_3 Overseas. financing, million euros 7,47 11,74 19,60 25,81 37,48 38,72 61,06
i Headcount 22217 22294 23120 23437 23641 25388 28128
Salary in ICT, Euro 658 738 824 987 1396 1757 1284

*Source: foldable by authors based on data (Eurostat, 2019).
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Table A.2
Estimated data for regression models, 2011-2017"

Country Indicator 201 2012 2013 2014 2015 2016 2017
v RCA 0,9365 0,9521 0,9816 1,0705 1,0783 1,1387 1,1997
§ Expenses of companies, million euros 961,68 1046,88 1126,60 110,37 122,17 171,68 1350,04
ar Government spending, million euros 1064,6 1058,3 1041,0 1018,1 1047,0 1055,5 186,37
E Overseas. financing, million euros 501,65 745,88 813,65 942,01 1056,3 710,52 858,66
§ Headcount 82283 87528 92714 97353 100128 99875 107734
e Salary in ICT, Euro 1549 1550 1497 1455 1501 1531 1640

RCA 0,7941 0,7302 0,6915 0,7012 0,6784 0,6833 0,7367
- Expenses of companies, million euros 571,74 589,47 662,29 689,88 751,19 773,99 881,31
{’:D Governmeth spe.nding,. n.1illion euros 458,94 463,54 507,73 478,45 523,15 360,00 533,57
5 Overseas. financing, million euros 162,03 193,61 234,47 250,63 225,90 227,48 248,87
T Headcount 55386 56486 58237 57185 56235 54636 60932
Salary in ICT, Euro 1089 1080 1136 1104 135 1170 1281
RCA 0,7142 0,7100 0,7092 0,7845 0,8500 0,8701 0,8997
- Expenses of companies, million euros 797,41 1107,99 1282,74 1506,82 1683,64 2183,81 2539,86
= Government spending, million euros 1582,66 1760,58 1623,47 1747,06 1805,34 1598,07 1850,53
E Overseas. financing, million euros 379,80 457,84 450,77 516,38 722,69 224,86 287,79
Headcount 134551 139653 145635 153475 157921 171610 239283
Salary in ICT, Euro 1115 1086 1105 113 153 133 1208
RCA 0,9737 0,9354 0,7372 0,9883 0,9855 1,0952 1,2753
© Expenses of companies, million euros 158,58 220,66 245,54 215,72 232,35 296,21 367,22
—,E Government spending, million euros 233,06 243,30 237,62 277,11 296,13 262,67 265,91
o Overseas. financing, million euros 66,33 109,15 109,75 158,57 365,64 68,61 102,91
v Headcount 28596 28880 27823 28825 28752 33252 33467
Salary in ICT, Euro 1353 1416 1387 1324 1325 1337 1403

*Source: foldable by authors based on data (Eurostat, 2019).

(co) This is an open access journal and all published articles are licensed under a Creative Commons «Attribution» 4.0.
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