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Abstract

The objectives of this paper are twofold – to demonstrate the internal forces driving 
R&D productivity in Slovakia and the internationalization of Slovak R&D investments and 
R&D patenting since EU accession as compared to the other Visegrad Four (V4) countries. 
After the Introduction, Slovakia’s position in the field of competitiveness and the Slovak 
innovation policy are described. The Slovak knowledge accumulation paradox being the 
discrepancy between R&D productivity and TFP is then demonstrated and disentangled 
through an analysis of innovation activities using Eurostat and OECD Stat data spanning 
the 1995–2011 period. This analysis is followed by some concluding remarks.
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Introduction

The competitiveness of a national economy is a complex phenomenon. Generally, 
a country’s competitiveness is its ability to successfully compete with the economies of 
other countries, manifested in terms of relative prosperity (e.g. productivity growth and 
living standards). Here, competitiveness performance is assessed in terms of total fac‑
tor productivity (TFP), which captures how efficiently labor and capital are employed 
in production and implicit, are attractive for foreign markets. This productivity‑based 
approach to competitiveness is less concerned with standards of living, although it may 
be assumed that higher productivity is followed by higher incomes, consumption and 
general living standards.

After the Slovak accession to the EU, indicators of the competitiveness and innovation 
performance of the Slovak economy have been of dual character. Some competiveness 
indicators converge to the EU average while others are similar to those reported by the 
less developed countries [Šikula et al., 2010]. According to The Global Competitiveness 
Report 2012–2013 (and prior years), as compared to neighboring countries and the rest 
of the European Union, Slovakia has not scored well. More generally, in the 2010–2013 
period, Slovakia’s rank in the Global competitiveness index fell from the 60th to 71st posi‑
tion (out of 144 countries). In the basic requirement and efficiency enhancers, as well as 
business sophistication, Slovakia ranked somewhat better – being 62nd, 51st, and 61st, 
respectively.

However, Slovakia was ranked last among all the EU countries, and 89th overall. This 
poor ranking can be explained by low levels of R&D spending (particularly in terms of 
business expenditures) and such other, more general, factors as corruption, weak rule of 
law insufficient infrastructure, inefficient labor market, and quality of the educational 
system. It is a mix of qualitative catch‑up and quantitative lagging.

Thus, it is challenging to quantitatively report the influence of innovation perform‑
ance on a competitive economy, and presumed that other factors have shaped competi‑
tive performance in the Slovak economy, which exhibits a trajectory of relatively strong 
economic growth despite low innovation performance [Puškárová, 2012]. These other 
factors likely relate to EU membership and increasing openness to international capital 
flows, labor and trade in the face of strong domestic inertia effects.

A reasonable amount of empirical evidence appears in the current literature that 
international capital flows (such as foreign direct investments), labor and international 
trade spur economic growth measured in terms of GDP, and also implicate certain exter‑
nalities. When labor, capital or goods and services are transferred from innovation inten‑
sive countries (e.g., West European EU members), a knowledge base accompanies that 
transfer [Keller, 2010]. For example, when a German company opens a subsidiary in 
Slovakia, Slovak workers are trained to work effectively with their German co‑workers, 
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and generally held to German work standards. Similarly, Austrian product imports also 
convey marketing, taste, packaging, and other information to the domestic market which 
may help local Slovak entrepreneurs copy, complement, or develop substitutes for, the 
products being imported. Labor – the first and ultimate producer of knowledge – car‑
ries skills and passes knowledge across borders. And, where foreign knowledge leads to 
greater competitive performance, domestic knowledge loses significance for domestic 
TFP growth [Krammer, 2014; Keller, 2010; Puškárová, 2012], as dependence on outside 
knowledge sources increases.

The empirical evidence is that Slovak GDP and competitiveness in terms of productivity 
has been growing, but innovation performance is lagging. The theoretical grounds of our 
paper relate to the aggregate Cobb‑Douglas production function employed in numerous 
studies [including, among others, Dujava, 2012; Puškárová, 2012] to study competitive‑
ness (using a productivity‑based approach) and foreign impacts through labor and capital, 
which are the standard two production inputs in the Cobb‑Douglas production function. 
Productivity is then viewed as a residual value between GDP (output) and labor and capital 
(inputs) with respect to production input shares3.

The paper is organized as follows: in the upcoming section, current innovation and 
R&D policy in Slovakia are described with sufficient detail to better understand the shift in 
the Slovak government’s approach towards internal and international forces shaping com‑
petitiveness and innovation performance. In section 3, the magnitude of the discrepancy 
between competitiveness and innovation performance in Slovakia is demonstrated, using 
economic theory as applied to relevant variables. In sections 4 and 5, we analyze various 
indicators of human and knowledge capital at the domestic and international levels which, 
in accordance with our theoretical framework, impact the discrepancy phenomenon and 
reveal the true nature of the internationalization of Slovak R&D performance. Section 6 
provides concluding remarks.

Competitiveness and Innovation Policy of the Slovak Republic

Innovation policy can be defined as a set of policy actions purposefully designed to 
raise the quantity and efficiency of innovation activities, where “innovation activities” 
refer to the creation, adaptation and adoption of new or improved products, processes 
or services. Such a policy was missing in Slovakia, in the first half of the 2000s, during 
which the approach to innovation was based on a traditional science and technology 
policy model (i.e., the science and technology push model).

After the EU accession, several important policy documents on innovation were pre‑
pared in the 2007–2011 period by the Ministry of Economy, and approved by the Slovak 
government. These included:
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1.	 Innovation strategy of the Slovak Republic for 2007–2013 [Ministry of Economy, 
2007];

2.	 Innovation Policy in the Slovak Republic for 2008–2010 [Ministry of Economy, 2008]; 
and

3.	 Innovation Policy in the Slovak Republic for Slovak Republic for 2011–2013 [Ministry 
of Economy, 2011].
The strategic objective of Slovakia’s innovation strategy [Ministry of Economy, 2007], 

as adopted by the Government of the Slovak Republic on 14 March 2007, was to achieve the 
level of the most advanced economies of the European Union by using innovation as a pri‑
mary tool of knowledge based economic development. To do so, the innovation strategy 
prioritized remedying insufficient support of innovative activities (particularly for SMEs) 
within the context of several key national‑level strategic documents. While Slovak firms 
were innovating, they were in relative terms unduly handicapped and less competitive. 
Motivating businesses to use multi‑source support to financing from public, international 
and business sources (particularly the latter two sources) became a priority.

Another critically important task was to create a national innovation system in Slovakia 
that included regional innovation structures (incubators, innovation centers, consulting 
center, and other elements). These regional structures are intended to bring support activi‑
ties as close to entrepreneurs as possible, with an emphasis on small and medium‑sized 
enterprises. By 2013, this innovation system was expected to achieve:

a positive trend in the development of innovative processes reflected in the economy ••
and social area;
an increased number of successfully implemented projects;••
a 25 % contribution to increased gross domestic product growth (presently that con‑••
tribution is about 8 %),
transform over 50 % of industrial and service companies, particularly SMEs, into ••
innovators.
The Innovation Policy of the Slovak Republic for 2008 – to 2010 was primarily based 

on the Innovation Strategy. The basic goal of the innovation policy was to create sup‑
port mechanisms for the formation and development of regional innovation structures, 
innovation enterprises, partnership and cooperation of companies, and universities in 
the R&D field, so as to gain new markets in a sustainable environment. In particular, this 
involved the following:
1.	 improving competitiveness of businesses while adhering to the principles of sustain‑

able development;
2.	 increasing the expertise and flexibility of labor; and
3.	 regional development.

To attain these objectives it was considered as necessary to:
build‑out innovation support structures capable of absorbing and efficiently deploying ••
funds allocated in accordance with the Innovation Strategy of the SR;
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prepare and implement support programs, projects, and schemes; and••
establish a network of regional innovation centers – RICs.••
It should be mentioned, that Innovation Policy in the Slovak Republic for 2011 – to 

2013 reflects the OECD recommendations listed in the November 2010 Economic Survey 
of the Slovak Republic, which emphasized long‑term structural and eco‑innovation effects. 
The objective of this Policy were to: support the creation and development of innovation 
structures, businesses, and partnerships; foster cooperation among businesses, universities, 
and research institutes in R&D and innovation; and establish conditions for improving 
Slovakia’s competitiveness. The 2011–2013 Innovation Policy was designed s to fit the EU 
policy framework and serve as a specific program for pursuing the national interests of 
the Slovak Republic. This objective reflects the greatest challenge currently facing Slovakia 
(and the rest of the EU), i.e., the inability to fully harness and share research and develop‑
ment results, and reflect them in economic and social values. The gap between research 
results and their practical application remains wide.

More generally, individual Innovation Policy priorities follow the priorities set out in 
the Innovation Strategy for 2007–2013. They are as follows:

Priority 1 – High‑quality infrastructure and an efficient system for innovation devel‑
opment (to include supporting innovative industrial cluster organizations, promoting 
innovation and the building of innovation awareness across the society, enhancing com‑
petition, introducing an “Innovative Action of the Year”, developing Strategic Innovation 
Material for the Next Planning Period, and supporting projects applying for funding from 
Community Programs to support innovation);

Priority 2 – High‑quality human resources (to include lifelong learning and counsel‑
ling system, and secondary vocational education); and

Priority 3 – Efficient tools for innovation (to include a national incentive project to 
enhance Slovakia’s innovation, facilitating operational program competitiveness and eco‑
nomic growth, supporting financial engineering instruments, such as innovation funding 
increased public spending on innovation and innovation vouchers, and strengthening 
intellectual property protection).

Generally speaking, these policy documents addressed a  number of previously 
neglected areas and tackled several problems with creation of the Slovak national inno‑
vation system. However, the links between innovation policy and existing sectoral policies 
are weak (e.g., R&D policy, which is managed by the Ministry of Education) and have 
not yet entered the policy agenda. Slovakia should better co‑ordinate innovation policy 
across government bodies and clearly define competencies in the area of innovation and 
R&D. All objectives mentioned above would require deep changes, which necessarily take 
to have real effects, can only be expected in the long‑term.



Paula Puškárová, Štefan Zajac86

Development of the Slovak R&D Sector

As previously mentioned, this paper is concerned with the disparity in Slovakia 
between competitiveness and innovation performance. In this section, this disparity is 
demonstrated. To measure competitiveness, the productivity‑based approach is employed, 
measured using the Total Factor Productivity (TFP) calculated from the Cobb‑Douglas 
production function:

	 )exp(1
it

α
itit

α
itit εECLAY -= 	 (1)

where Yit denotes output, Lit labor, Cit physical capital, and Ait is TFP. The exponential 
error term εit is the error term and is assumed to be identically and independently distrib‑
uted with mean zero and standard deviation σ2. α and 1-α are the output elasticities with 
respect to labor and physical capital. The Eq. (1) is in a two‑dimensional form – i denotes 
geographical unit (region, state, company) and t denotes time unit (year, month etc.).

In order to report innovation performance, two approaches are suggested by the lit‑
erature. One approach is to measure it as output Kit or productivity δit of the knowledge
‑generating process where the only factor is human capital Hit [Jones, 1995].

	 itit
β
ititit ωKHδK 1Δ -= 	 (2)

β is the elasticity parameter of knowledge capital to human capital changes. ωit stands 
for the error term. δit stands for productivity of R&D process – in this case mostly for 
productivity of human capital in case the impact of omitted variables remains stable.

An alternative approach is through the lens of the investments (capital) in R&D and 
how productive they are. In its simplest form, we can measure this productivity as the 
elasticity of the output – knowledge capital – to the inputs – R&D investments.

	 itsit KE itlog= 	 (3)

where Eit stands for output elasticity, Sit for R&D investments and Kit for knowledge capital 
measured using patents or patent applications volume. Following this approach, we take 
the R&D expenditures (referred to as Gross Expenditures on R&D (GERD) in Eurostat 
databases) per year and country as the measure of Sit and number of patent applications 
to the European Patent Office (EPO) as a proxy for knowledge capital in a country i and 
time t. Both show a strong divergence amongst the V4 countries (Figures 1 and 2).
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Figure 1.  �R&D expenditures, % GDP	     FIGURE 2. � EPO patent applications
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S o u r c e :  Eurostat 2014 – Total intramural R&D expenditures (GERD); Patent applications to the EPO by priority year at 
the national level per million inhabitants.

In terms of R&D expenditures (Figure 1), the V4 countries expended roughly equiva‑
lent volumes of their GDP in the pre‑transition and transition eras. In 1998, changes in 
Slovak government (the right wing came to power) negatively affected R&D funding. 
A restrictive R&D policy at that time redirected budget attention away from the R&D 
sector, leading to a substantial divergence in Slovakia’s R&D output (Figure 2). However, 
a comparison of Figures 1–2 indicates that the theorem that the more R&D input, the 
more R&D output, does not appear to strictly hold. The challenging case is Hungary, 
which produces as many European Patent Office (EPO) patent applications as the Czech 
Republic, where more is expended in R&D. This issue is addressed below.

Figures 1–2 might also imply that in R&D, persistence pays off. For example, low R&D 
spending Poland over time has not prevented the accrual of patent applications filed with 
the EPO, which is not the case of Slovakia, where patenting follows a more unstable tra‑
jectory. As compared to the EU average (65.31 in 1995 and 107.45 in 2011, i.e. a growth 
rate of 64.5 %), V4 countries file far fewer patent applications with the EPO. However, 
after the V4’s EU accession, the biggest trading partners of the V4 – Germany, France and 
Netherlands – experienced patent stagnation (which decreased in the Netherlands). Only 
Austria managed to file 9 % more EPO applications during this period.

Calculating the elasticity Eit gives us the following results (Figure 1) which we can 
compare with the trajectory of the Total Factor Productivity (TFP). Hereinafter, this 
productivity is referred to as R&D productivity.
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Figure 3.  �Elasticity of Kit on Sit		       FIGURE 4. � Impact of the TFP on GDP
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S o u r c e :  author’s own calculations, TFP calculated following Dujava (2012), GDP (gross domestic product) taken from 
Eurostat 2014 in EUR.

As expected, Figure 3 shows these R&D productivities at less than 1 (diminishing 
returns to scale), as Jones’ model [1995] predicts for human capital. This may be imputed 
to the nature of the knowledge generation process (R&D are risky investments without any 
guarantee of useful outcome), the effects of an unobservable pool of knowledge (not cov‑
ered by patentable knowledge), and/or to duplicity of work (multiple projects working 
on the same issue). Figure 3 reports that though the V4 countries still lag significantly 
behind the EU15 (R&D productivity accounting there for approx. 0.8), convergence in 
the V4 of R&D productivity is present.

The one exception is Slovakia, where R&D productivity continues to drop since EU 
accession. The data presented in the Figures 1 through 3 are unambiguous. Slovakia is 
doing poorly in terms of R&D, but has been experiencing the highest growth of TFP 
(Figure 4). This accords with the empirical observation mentioned previously; namely, 
a disparity between competitiveness and innovation performance. We call this empirical 
phenomenon the Slovak knowledge accumulation paradox and, as indicated earlier in the 
text, the upcoming sections will try to analyze this paradox. In particular, we explore why 
domestic R&D performance is so low (e.g., what internal forces shape their trajectory) 
and why the competitiveness measured in terms of TFP is so high (e.g., how large part 
the international parties play here).

Internal Forces Driving R&D Productivity

First, we look at sectors where R&D is performed (public, private, and university), 
since we assume that they differ by productivity. Table 1 shows that Poland and Slovakia 
research more or less equally in all three sectors. By contrast, Hungary and the Czech 
Republic rely heavily on research in the business sector, which is claimed to be the most 
productive and indeed, does translates into higher R&D productivity (Figure 3).
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Combining Table 1 with R&D expenditures by sector (Table 2), the business sector in 
all V4 countries performs R&D only to the extent of its own investment, which indicates 
R&D is not outsourced to public institutions. The government, on the other hand, is a key 
investor in university research.

Table 1.  �R&D performance in sectors

CZ 
bus

CZ 
gov

CZ 
uni

HU 
bus

HU 
gov

HU 
uni

PL 
bus

PL 
gov

PL 
uni

SK 
bus

SK 
gov

SK 
uni

1995 65.1 8.5 26.4 43.4 24.8 25.6 38.7 26.3 35.0 53.9 5.9 40.2
2000 60.0 14.2 25.3 44.3 24.0 26.1 36.1 31.5 32.2 65.8 9.5 24.7
2005 63.2 16.4 20.0 43.2 25.1 28.0 31.8 31.6 36.4 49.8 20.4 29.7
2010 62.0 18.0 19.4 59.8 19.9 18.5 26.6 37.2 35.9 42.1 27.6 30.0
2011 60.3 21.6 17.5 62.4 20.2 15.8 30.1 35.1 34.5 37.2 34.9 27.7

Notes: bus refers to business R&D, gov to government R&D, and uni to university R&D performance; private non‑profit R&D 
expenditures are excluded as their shares are negligible low (on average, the lowest value among V4 – 0.19 % in Slovakia, the 
highest value among V4 – 0.49 % in Hungary).

S o u r c e :  Eurostat 2014 – Total intramural R&D expenditure (GERD) by sectors of performance.

One can observe that the innovation‑intensive countries demonstrate a high share 
of business R&D. This is at least partially because business R&D expenditures are more 
profitable and produce returns sooner than public ones, as they are driven by the profit 
motive and therefore constantly pursue competitive market advantages. Table 2 shows that 
this theorem also holds for the V4, in which countries filing more EPO patent applications 
demonstrate higher business R&D expenditures (even though Hungary activated its busi‑
ness R&D in 2002). These levels converge at the ends of the spectrum (i.e., the best and 
worst performing V4 countries), but divergence for those occupying the middle ground. 
The closing levels in Hungary and the Czech Republic are approximately double the levels 
in Slovakia and Poland. Correspondingly, public R&D expenditures shrunk in the Czech 
Republic and Hungary and were augmented in Slovakia and Poland.

From Table 2, it appears that in the Czech Republic knowledge is mostly accumulated 
through domestic business R&D stimulated by a multiplier of public R&D on private R&D 
[Šikula, 2010] – conventional multiplier. In fact, the Czech Republic is uniquely positioned 
compared to its V4 counterparts – it demonstrates approximately the same public/private 
ratio of domestic R&D spending as the R&D‑intensive countries usually do (75 %). The 
question remains why, despite this long‑term, consistently maintained structure, the 
country exhibits a relatively low volume of R&D output (Figure 2). It may be that in the 
Czech Republic there still exists a large technology gap with R&D‑intensive Western EU 
countries, and human capital might be more closed to knowledge transfer from abroad 
than it is in other V4 countries [consistent with the results of Krammer, 2014].
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Table 2.  �R&D funding by sectors

CZ 
bus

CZ 
gov

CZ 
uni

HU 
bus

HU 
gov

HU 
uni

PL 
bus

PL 
gov

PL 
uni

SK 
bus

SK 
gov

SK 
uni

1995 65.1 26.5 1.0 43.4 25.5 3.7 38.7 35.1 1.7 53.9 40.3 0.0
2000 60.0 25.3 0.5 44.3 26.1 2.1 36.1 32.3 1.7 65.8 24.7 0.6
2005 63.2 20.0 1.1 43.2 28.0 0.5 31.8 36.4 2.9 49.8 29.6 0.3
2010 62.0 19.4 0.8 59.8 18.5 0.9 26.6 35.9 2.5 42.1 29.9 0.4
2011 60.3 17.6 0.8 62.4 15.7 0.9 30.1 34.6 2.4 37.2 27.6 1.8

mean 62.0 23.0 1.4 45.8 26.1 1.9 32.9 35.1 2.3 53.6 29.9 0.3
stdev 1.7 3.3 1.6 7.8 4.7 1.6 5.9 3.8 1.4 11.4 5.5 0.4

Notes: stdev denotes standard deviation; bus refers to business R&D, gov to government R&D, and uni to university R&D 
funding; private non‑profit R&D expenditures are excluded as their shares are negligible low.

S o u r c e :  Eurostat 2014 – Total intramural R&D expenditure (GERD) by sectors of performance.

Considering the Jones [1995] model, human capital may also shed light on the knowl‑
edge accumulation paradox. Human capital is a challenging concept, which is difficult to 
measure. Usually, it gets proxied by years of schooling or tertiary education attainment 
[Temple, 1999; Barro, 2001]. Table 3 indicates several discrepancies between the V4 and 
the EU‑innovation leading countries in terms of R&D labor supply, both as a percentage 
of both total population and the economically active population (EAP). All V4 countries 
have increased their human capital stock, suggesting a potentially promising environment 
for their own future R&D activities. The tertiary educated population has also risen in the 
Western EU countries, which may signal a domestic revival of interest, but more likely 
reflects brain gain.

Table 3.  �Tertiary educated ratio in 2000–2011

Tertiary educated, % of EAP Tertiary educated, % of population
MEAN STDEV MIN (year) MAX (year) MEAN STDEV MIN (year) MAX (year)

CZ 34.7 2.4 31.5 (2000) 37.9 (2009) 12.5 2.2 10.6 (2000) 17.3 (2011)
HU 31.8 1.8 28.8 (2001) 34.6 (2011) 16.7 2.6 13.1 (2001) 21.0 (2011)
PL 30.5 4.3 25.1 (2000) 37.0 (2011) 16.1 3.9 10.4 (2000) 21.8 (2011)
SK 31.2 2.1 27.7 (2000) 34.1 (2011) 13.1 2.7 9.2 (2000) 17.2 (2011)
AT 37.9 3.3 31.4 (2000) 40.7 (2004) 16.4 0.8 15.8 (2007) 18.0 (2011)
GE 43.2 1.3 41.5 (2000) 44.9 (2011) 22.1 1.6 20.1 (2002) 25.6 (2011)
NL 49.4 2.4 45.4 (2000) 52.2 (2011) 27.3 2.9 21.8 (2000) 29.7 (2008)

S o u r c e :  data Eurostat 2014 – Persons with tertiary education attainment by age and sex (%).
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Unemployment rates of human capital, as demonstrated in Figure 5, show that through‑
out the observed period both the Czech Republic and Hungary (till 2008) were more 
effective than other V4 countries in employing their human capital. Indeed, they exceeded 
the EU27 average rate of 6.1%, although not those of the low R&D unemployment leaders – 
Austria (2.1 in 2012) and Germany (2.4 in 2012). The break‑out of the global economic 
and financial crisis in 2008 decreased R&D demand, which led to rising unemployment 
rates. The problem of available but unemployed human capital may be one of the key 
factors underlying low R&D productivity in Slovakia and Poland.

Figure 5.  �Unemployment rates of tertiary educated workforce

	
S o u r c e :  Eurostat 2014 – Unemployment rates by sex, age and highest level of education attained (%).

Figure 6 demonstrates that while the supply of human capital rises, the extent of 
employed R&D workforce in all V4 countries more or less stagnated (except for massive 
hiring in the Czech Republic in 2004). The largest workforce employed in R&D, per popu‑
lation unit, is demonstrated by Poland which is the poorest performing V4 country in 
terms of R&D productivity. The relative stability of R&D labor, however, is accompanied 
by large reallocation of the R&D work force among sectors (Figure 7).
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Figure 6.  �R&D labor, per millions	       FIGURE 7. � Public R&D labor, % total
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Note: public R&D working force stands for university and government working force combined.

S o u r c e :  Eurostat 2013 / Total R&D personnel by sectors of performance, occupation and sex.

According to Eurostat, universities and governments employ the largest labor force 
in Slovakia and Poland (recently, approx. 80 % of the total R&D labor force), while the 
better R&D performing V4 countries converge to the business labor force levels of such 
R&D‑intensive countries such as Germany and Denmark.

R&D labor is committed to producing high added value, relative to other, less inno‑
vation focused positions, is presumably rewarded with higher wages. This theorem is 
challenged by the theorem of FDI hiring policies and the existence of wage spillovers. FDI 
tends to provide higher wages than local companies in order to attract the best‑performing 
labor force [Hijzen et al., 2013], but as Hanousek et al. [2011] note, it would be mislead‑
ing to interpret this phenomenon solely as a consequence of higher productivity in FDI 
jobs. Since our computation of TFP [following Dujava, 2012] employs revenue‑based 
factor shares, we omit the disturbance caused by misleading labor productivity reflected 
in the TFP.

Wage increase in one company is often followed by other local companies (both sup‑
pliers and competitors) [Autor et al., 2008]. As the most recent results show [for EU, see 
Maczulskij, 2013; for evidence involving EU and non‑EU companies, see Lamo, Perez 
and Schuknecht, 2013], wages in FDI companies even spill over to public institutions, 
resulting in wage convergence across the whole R&D sector. The heavy reliance of the V4 
countries on public R&D can be characterized as a challenge this theorem. Table 4 reports 
that average annual earnings across the R&D sector decreased after the EU accession in 
the Czech Republic and Hungary. This may be imputable to the competition effect and 
a reallocation of production resources [Onaran, Stockhammer, 2008]. Even though public 
wages in these countries stayed lower than business R&D ones, the positive trajectories 
of both did not change. That supports the wage spillovers literature.
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Table 4.  �Annual wages by R&D sector, 2011 USD exchange rates, 2011 constant prices

MEAN STDEV MIN (year) MAX (year)
CZ R&D bus 28 824 3 816 22 609 (1995) 34 370 (2010)
HU R&D bus 29 244 8 149 14 852 (1995) 38 587 (2005)
PL R&D bus 26 222 7 623 12 761 (1995) 40 471 (2008)
SK R&D bus 24 276 6 578 16 424 (1996) 37 844 (2010)
CZ R&D gov 24 758 3 077 19 474 (1998) 29 919 (2004)
HU R&D gov 22 502 7 185 11 330 (1997) 30 705 (2005)
PL R&D gov 26 128 5 814 18 133 (1995) 37 294 (2010)
SK R&D gov 18 549 3 633 14 086 (1995) 25 205 (2009)
CZ R&D uni 18 513 4 765 8 546 (1996) 23 517 (2004)
HU R&D uni 22 919 8 913 9 060 (1997) 32 144 (2007)
PL R&D uni 7 731 2 894 5 205 (1996) 15 677 (2009)
SK R&D uni 5 437 1 287 3 423 (2002) 9 221 (2010)

Note: bus refers to business wage, gov to government wage, uni to university wage.

S o u r c e :  own calculation based on total labor costs in R&D expenditures and R&D employees; data OECD Stat 2014.

The lowest levels of average R&D wages occurred in Slovakia and Poland. More 
interestingly, wages in the higher education sector of these countries were stagnant until 
2008. This rigidity of public wages (irresponsiveness to general wage dynamics), in light 
of the volume of R&D performed at universities (Table 1), reduces the chances that low 
labor productivity in university R&D will improve. First of all, lower productivity dis‑
courages R&D investors and, second of all, the wage gap discourages human capital to 
pursue a university career (it becomes a luxury to work at the university). Human capital 
is instead driven to the business R&D sector – first brain drain. Even though the business 
sector might be selective in terms of what R&D areas to support (limiting the brain drain 
is limited through a specialization of R&D labor), this brain drain is generally conducive 
to R&D productivity of a country as business R&D is driven by profit motive and implicit, 
more productive.

To sum up, low R&D productivity in Poland and Slovakia is related to university 
research funding, where most of R&D workforce is employed at low wages. This drives 
the most promising human capital out of R&D jobs and out of the country.
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Internationalization of Slovak R&D Sector

The openness of small economies with low levels of domestic capital accumulation 
provides an opportunity for foreign capital to take advantage of the capital scarcity. How‑
ever, investors in R&D are not driven by same niche‑seeking that motivates non‑R&D 
outsourcers. R&D investors usually require specific skills and enough previous experience 
to give inherently risky R&D projects a reasonable prospect of success. The importance of 
foreign R&D investments for domestic growth, however, cannot be neglected [Thomson, 
2013].

Figure 8.  �R&D expenditures from abroad, % total

	
S o u r c e :  Eurostat 2014 – R&D expenditures (GERD) by source of funds (%).

Even though all V4 countries have clearly benefited from the foreign R&D funding 
boom as they entered the EU (Figure 8), they are still considerably less successful in attract‑
ing foreign R&D investments than other small R&D‑intensive countries. Based on Eurostat 
data, Austria throughout the 1995–2011 period attracted, on average, 17.3 % R&D from 
abroad, and the Netherlands attracted 10.5 %,while the figures for the Czech Republic, 
Hungary, Poland, and Slovakia are only 5.1%, 9.1%, 4.8 %, and 6.2 %, respectively.

Combining Table 2 and Figure 8, the activation of business R&D in Hungary in 2002 
was accompanied by large R&D inflows from abroad. Thus, we may conclude that Hungary 
suggests the presence of foreign R&D multiplier on domestic business R&D – transmis‑
sional (internationalization) multiplier. On the other hand, Slovakia and Poland reacted 
to R&D funding from abroad with cuts in domestic public and private R&D funding. 
This crowding out poses positive and negative effects. The positive effects are a learning 
process in which foreign investors force the domestic workforce to comply with norms 
and rules applied for R&D performance abroad. The negative effect is the risk of chronic 
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dependency on foreign sources such that unless the transmissional (internationalization) 
multiplier kicks in, the country stagnates at the R&D periphery.

Openness to foreign R&D investments is often accompanied by a rising number of 
EPO patent applications shared with entities abroad. As Thomson [2013] declares, such 
R&D offshoring occurs in order to access niche skills in the education sector. According to 
Eurostat data, EPO patent volumes lag behind R&D off shoring levels in R&D‑developed 
countries – e.g., Austria (which peaked in 2007 with 67 applications) or Germany (peak‑
ing in 2007 with 47 applications). Following Table 5, the V4 countries with a higher R&D 
productivity also enjoyed a higher number of EPO patent applications shared with foreign 
co‑inventors. This rising trend was reversed in 2008 after the economic crisis broke out. The 
significance of EPO patent applications for domestic patenting is most visible in Slovakia, 
where approximately 82 % of all patenting activities involve foreign co‑inventors, and least 
visible in Hungary where only 45 % file with a foreign co‑author. The instability of develop‑
ment in foreign shared EPO patent applications is represented by standard deviation and, 
as we may see, Slovakia and Poland demonstrate a larger variability than do the other two 
V4 countries in terms of percentage share of total EPO patent applications.

Table 5.  �EPO patent applications shared with foreign co‑inventors

CZ HU PL SK GE FR NL AT
% total EPO patent applications

MEAN 50 % 45 % 49 % 82 % 14 % 19 % 21% 29 %
STDEV 16 % 13 % 27 % 26 % 3 % 4 % 4 % 5 %

number per mil. inhabitants
MEAN 4.94 5.50 1.19 3.50 33.56 21.25 37.63 45.94
STDEV 2.46 2.87 0.73 1.84 10.59 6.61 10.34 14.24

S o u r c e :  Author’s own calculation, data Eurostat 2014 – Patent applications to the EPO with foreign co‑inventors, by priority 
year at the national level.

Our analysis of foreign involvement in R&D expenditures and patents indicates some 
dependency signals for Slovakia and Poland based on the fact that domestic R&D funding 
and patenting remain irresponsive, and even declining. However, the question remains why 
no multiplier is in place, such that university research is associated with lower patenting 
but higher TFP. We assume that this phenomenon is at least partially imputable to R&D 
labor flows (reallocation both locally and internationally), i.e., changes in the availability 
and quality of R&D labor. Considering wages, there is still a substantial opportunity for 
the V4 to catch‑up with the Western EU and discourage R&D labor to seek employment 
abroad (third brain drain). The role of wages in the brain drain was studied by Borjas 
[1986], Grogger and Hanson [2011], and as Weinberg [2011] and others conclude, transi‑
tion countries in this context are particularly vulnerable.
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Concluding Remarks

Empirical data presented in this paper shows a discrepancy between observed TFP 
development and R&D productivity in the V4 countries. Hungary is the most effective 
economy in terms of producing EPO patent applications with the given R&D funds avail‑
able, outperforming the Czech Republic, Slovakia, and Poland. However, both Slovakia 
and Poland experience faster growth of TFP. To examine the nature of this empirical 
phenomenon, we first studied R&D expenditures structure and internationalization effects 
in the R&D sector and human capital formation.

The composition of R&D expenditures is heterogeneous among the V4. Regarding 
knowledge accumulation, though, the Czech Republic relies on a conventional multiplier 
effect of domestic public R&D on private R&D, while Hungary seems to exploit large pat‑
ent applications from the transmissional (internationalization) multiplier.

In the skilled labor market, that data reveals some crucial deficiencies in knowledge
‑based economy building in the V4 countries, the most acute one being (in our opinion), 
the rigidity of public R&D wages in Slovakia and Poland. Due to this rigidity, R&D labor 
in public institutions do not currently get offered even the reservation wage, i.e., the wage 
that would keep them employed in the R&D sector, and, with business wage expansion, 
the comparative advantage of the business sector in attracting the best performing human 
capital intensifies. Thus, R&D labor loss occurs in favor of not just foreign or domestic 
business R&D, but even the non‑R&D sector where creativity is no longer being actively 
developed. Given that most of Slovak and Polish R&D is performed in the public sector, 
low productivity translates into the overall low productivity in R&D.

Notes
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