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ABSTRACT

The purpose of our contribution is to discuss shortcomings of purely descriptive quantitative evaluation of
research policies — based either on inputs (public investment, number of researchers), or outputs (publi-
cations, EU grants, number of patents). To give an example, we compare selected indicators across
Visegrad countries in the period between 2006 and 2015. We conclude that both quantitative and
qualitative perspectives as well as societal and political contexts should be taken into account when the
performance of any R&D system and the impact of public investments into a public R&D sector are
scrutinized.
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INTRODUCTION

It has been assumed that activities connected with science, technology and innovation (STI)
have a direct impact on social, economic and sustainable development. Investing in research is
seen as crucial not only for improving technologies but also for social and economic wellbeing
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(Macilwain, 2010). In many countries — developed as well as developing - this belief resulted in
the increasing number of STT bodies, new legal STI frameworks, various STI policy instruments
and finally in larger investment into scientific research, technological development and inno-
vation, both in public and private sectors. Consequently, the world has witnessed an exponential
growth in scientific outputs worldwide - scientific articles and patents (UNESCO, 2010). At the
same time, increasing attention has been paid to evaluation and comparative studies.

One way to analyze and compare various R&D systems and evaluate their performance is to
use qualitative inputs and outputs. These indicators are relatively easy to collect, and they have
been used by organizations such as the OECD, the World Bank or by the European Com-
mission. Also various benchmarking exercises including for example the European Innovation
Scoreboard' have been using input and output indicators in order to assess the innovation
performance of individual countries.

Overall R&D spending, public and private expenditures on R&D, share of R&D expenditures
on GDP, number of R&D personnel and others are used when measuring the inputs. Outputs can
be represented for example by number of publications, number of patents, income of research
organizations from industry or the number of prestigious EU grants. All these indicators describe
major characteristics of each R&D system, its performance and development in time.

One of the most important input indicators is the volume of resources spent on R&D. In
general, industrialized and developed countries believe that R&D investment contributes to
economic growth. However, a connection between R&D spending and direct commercial impact
does not have to be straightforward (Gough, 2016). Gough takes Australia and Ireland and
compares their research outcomes and innovation performances. Whereas Australia has a very
good record of producing high-quality research publications (12th place in the Nature Index
2015 Global ranking), it lags behind in the 2016 Global Innovation Index (73rd in the inno-
vation efficiency ratio). Ireland ranks 8th in the innovation efficiency, while it holds 28th po-
sition in the Nature Index 2015 Global ranking, which reflects highly cited research papers.

Meo et al. (2013) analyzed the productivity and visibility of research papers in selected Asian
countries. They discovered that spending on R&D, number of universities and scientific indexed
journals are positively associated with the total number of research documents citations per
document and H-index in various science and social science fields. However, the authors did not
find connection between the per capita GDP and research outcomes.

We in general agree with the statement that resources should be invested into science and
R&D activities — both public and private. It is highly probable that investment into R&D will
eventually lead to new discoveries, new technologies and more innovative products. The volume
of resources invested into the system (mainly the public ones) is very important. Yet, it should
not be the only indicator (complemented by other quantitative ones) to look at when describing
the R&D system, its quality and performance.

For example, the European Union (EU) has not been focusing purely on quantitative in-
dicators when designing and implementing its R&D policy. When the EU launched its ambi-
tious plan to invest 3 percent of the EU’s GDP into R&D one decade ago, the European
Commission (EC) at the same time stressed the fact that attention should be paid to impacts
rather than to inputs. The Commission added that the composition of R&D spending should be

'For more information see https://ec.europa.eu/growth/industry/policy/innovation/scoreboards_en.
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carefully considered, and at the same time, the conditions for R&D undertaken in private sector
should be improved. Furthermore, R&D and innovation should be more linked together (Eu-
ropean Commission, 2010).

However, measuring impact of public investment into R&D has also been challenged. For
example, the Australian Research Quality Framework (RQF) recognized the limitations of
technometrics and sociometrics as underdeveloped for assessing the impact or for evaluating the
allocation of research funds (Donovan, 2007). In general, the use of indicators in research policy
and evaluation has been perceived as problematic (Rafols, 2019).

The main question we would like to tackle in our contribution is whether quantitative in-
dicators alone give us an appropriate picture of an individual R&D system. What else should be
taken into consideration in this respect? Why science policy” and its components are important?
When tackling those questions, we look as an example at four Visegrad countries (V4) — Czech
Republic, Hungary, Poland and Slovakia.

We are aware of the fact that in the majority of developed countries, private investment
constitutes a more significant part of R&D investment in general (EC, 2018; OECD, 2018).
However, for the purpose of this paper, we focus specifically on public investment in selected
sectors. As Soete, Verspagen, and Ziesemer (2020) argue evaluation of public policies targeted at
the public sector (universities and public or semi-public research organizations) so far has
received a limited attention in the econometric literature.

In order to get comparable data across all four countries, we included all public institutions
and excluded private sector. By public institutions, we mean higher education institutions,
academies of sciences, governmental research organizations, teaching hospitals as well as private
not-for profit research organizations. Private not-for profit research organizations constitute
rather insignificant part of R&D system in V4 countries. We compare the data from the time
period between 2006 and 2015. At the input side, we analyze mainly the public expenditure into
selected sectors. At the output side, we focus on the number of research publications, number of
patents filed by the public sector and the number of ERC grant applications.

The paper is structured in the following way. In the next two sections, we compare selected
inputs and outputs of the Czech, Hungarian, Polish and Slovak R&D systems. In the concluding
part, we elaborate our standpoint that the performance of public R&D systems is much more
complex and goes beyond quantitative indicators. We also suggest some directions for further
research. After all, our paper is also meant to initiate further discussion about science policy and
related public policies not only in Visegrad countries (V4), but also in other Central and Eastern
European countries, who are in similar state of development.

COMPARING SELECTED INPUTS

In Table 1, we can see the R&D expenditure from public resources in the four countries. In the
period between 2006 and 2015 the public investment into R&D was more or less growing in
three V4 countries with the exception of Hungary.

’In this paper, we use the term science policy as an equivalent to research and development (R&D) policy. At the same
time, we talk about the R&D system on the national level.
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Table 1. Public R&D expenditure in selected sectors of performance (in mil. EURO)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

CZ 551 658 735 752 745 843 847 853 845 913
HU 366 387 395 354 349 350 334 321 310 308
POL 810 971 1,244 1,194 1,493 1,474 1,618 1,474 1,540 1,604
SVK 101 126 143 144 188 215 227 223 267 279

Source: Eurostat, available from: https://ec.europa.eu/eurostat/data/database.

In Fig. 1 we can see the volume of public expenditure into selected sectors related to GDP of
individual countries. While in the Czech Republic and Slovakia we can see a gradual increase,
Poland witnessed a stagnation. In Hungary the trend was even decreasing.

When comparing R&D systems in individual countries, it is also important to take into
account how large the public R&D system is. In order to do that, we use the full-time equivalent
number of researchers in selected sectors as a benchmarking reference. The following graph
shows that in Hungary and Slovakia the numbers of researchers have been stagnating between
2006 and 2015, in Poland slightly waving, while in the Czech Republic they have been
continually increasing with one exception in 2009 (Fig. 2).

When we divide public expenditures by the number of researchers in the selected sectors to
get public spending per one researcher, we get a somehow different picture than in two previous
graphs. With the exception of Slovakia, the expenditure on one researcher were in the rest of the
countries somehow stagnating between 2011 and 2015. In Hungary the number in 2015 was
even lower than in 2006 (Fig. 3).

The above mentioned data could be interpreted in the following way. Whereas Slovakia did
well in terms of public investment into selected R&D sectors, Hungary is very much lagging
behind. Czech Republic and Poland did rather well, however, after a few years of a positive trend
they stagnated.

0,60%
0,50% /\/\//
0,40% e

—
T Mﬁ
- N

0,20%

0,10%

0,00%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e (Czech Republic e===Hungary

Poland === Slovakia

Fig. 1. Public R&D expenditure in selected sectors of performance, Source: Eurostat, Available at https://ec.
europa.eu/eurostat/data/database
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Fig. 2. Researchers in Public Sector, Source: Eurostat, Available at: https://ec.europa.eu/eurostat/data/
database
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Fig. 3. Public R&D expenditure per one researcher (FTE), Source: Authors

It is important to note rather significant differences in absolute numbers per researcher
between the countries. In 2015 the volume of public investment into selected sector per
researcher was 24, 000 EURO in Slovakia, 30, 000 Euro in Poland and Hungary and 49, 000
EURO in the Czech Republic. In comparison the average for EU28 countries for the same year
was 89, 000 EURO. For the sake of simplification, we can say that Hungary and Poland were
investing similar amount from public resources per one researcher during the analyzed period.
The Czech Republic invested twice as much as Slovakia, yet it reached only 55 percent of EU28
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average. For more detailed analysis, we would need to know the breakdown of this expenditure
such as investment, operating costs and personal costs.

COMPARING SELECTED OUTPUTS

Public investment into R&D is in fact one of the most important indicators describing an in-
dividual R&D system and country priorities. Yet, it is usually complemented by output in-
dicators. They can capture personnel (number of grant holders, number of Nobel prize winners
etc.), number of scientific publications, inputs related to protection of intellectual properties (e.g.
number of patents) or outputs indicating the level of knowledge transfer and commercialization
of R&D results such as a number of licensing agreements, income from licensing, number of
spin-off companies created by research organizations or the volume of contract research. All the
above-mentioned indicators are relevant as their level can indicate what a society receives back
as an output of public investment in R&D. However, some of the numbers are difficult to obtain,
or they are not easily comparable. In the next section, we use only the following selected output
indicators.

On the output side, we first look at the number of scientific publications - for this purpose
we use the Science Citation Index (SCI) and Social Sciences Citation Index (SSCI). We simply
presume that authors of scientific publications are almost exclusively associated with the public
research sector groups as identified above.

First, we have to mention that altogether, the number of publications increased from
approximately 480, 000 into 635, 000 in EU28 countries (World Bank, 2018). As we can see in
Table 2, within one decade, the number of scientific publications almost doubled in the Czech
Republic and Slovakia. Poland witnessed more moderate increase (around one half), whereas in
Hungary the number was rather stagnating over the time.

However, when we compare the number of scientific publications per one researcher in each
year, the overall picture slightly changes. The most productive is the Czech Republic - 0,.89
publication per one researcher — which is even above the EU28 average (0,.69). Hungary and
Poland approached the EU28 average in 2015, and Slovakia was still lagging behind with 0,.44
publication per one researcher (Fig. 4).

We are aware of the fact that SCI and SSCI do not cover the productivity of the whole R&D
system. However, it can give us some idea how productive researchers are in V4 countries. At
the same time, the productivity of the system as well as institutions, or even individuals cannot
be evaluated only by the number of publications in various databases. For detailed analyses we
would have to use other rather qualitative parameters such as the number of publications in top

Table 2. Number of scientific publications included in SCI and SSCI

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

CZ 8,838 9,988 10,649 11,197 12,673 13,544 13,948 14,401 15,675 16,873
HU 5,530 5,884 6,408 6,029 5,870 6,419 6,570 6,468 6,858 6,566
POL 21,267 21,568 23,376 23,470 24,551 25,857 28,115 30,064 31,779 32,776
SVK 2,644 2,800 3,332 3,164 3,638 3,899 4,261 4,616 5,139 5,207

Source: The World Bank, Available from: https://data.worldbank.org/indicator/IP.JRN.ARTC.SC.
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Fig. 4. Number of scientific publications per one researcher, Source: Authors

10 percent of journals, citation index, influence score, retracted articles published in predatory
journals etc.

Another way to look at the performance of the R&D system supported by the public re-
sources is the number of applications to prestigious ERC grants by individual countries. For this
reason, we look at the number of ERC grants awarded by the European Research Council.” The
ERC scheme is highly competitive. For example, in 2018 the success rate in the ERC starting
grants was around 13 percent. Young researchers submitted 3,3 170 applications, only 403 were
granted a support (ERC, 2018).

Fig. 5 shows the number of all applications (Starting, Consolidator, Advanced, Proof of
Concepts and Synergy) submitted by the V4 countries to the ERC scheme. We can see that
Polish applicants submitted the highest number of proposals whereas the number of proposals
submitted by Czechs and Hungarians was comparable. Slovak applications were constantly low
over the period with a maximum of 36 applications in 2007. When taking into account the
number of researchers in the system, Czech and Hungarian researchers are the most active.

We can now have a look at how successful the applicants from the V4 countries were.
However, it should be taken only as a complementary source as the number of received grants
was rather limited in the discussed period. Despite decrease in the number of researchers and
continuous stagnation of public resources into the R&D system, Hungary with its 59 ERC grants
has been the most successful from all new EU member countries. Poland and the Czech Re-
public attracted each 25 ERC grants, and Slovakia was able to attract only one ERC grant.
Hungary was the most successful in 2016 (23 percent success rate), and the Czech Republic in
2015 with12 percent success rate (TC AV, 2018).

*For more details see the the European Research Council website at https://erc.europa.eu/.
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Fig. 5. ERC proposals evaluated, Source: Technology Center CAS; Available at: http://svizualizace.tc.cas.cz/
maps/main.html

DISCUSSION & CONCLUSIONS

Relevant and comparable numbers are indispensable for analyzing and evaluating R&D mea-
sures and science policies. Both inputs and outcomes help us look thoroughly into the per-
formance of R&D systems. However, if we want to study the details and for example the drives
for changes in institutional or systemic behavior, quantitative data which are often used for
international comparisons should be interpreted in context of qualitative factors and other
socio-economic developments taking place in the society or specifically in the field of science or
innovation policy. Pure macro-economic approach has its limitations. It can help us understand
long-term effects of investing or cutting investment in public R&D on economic growth, yet,
does not explain the effects of policy measures implemented at a finer level of detail (Soete,
2017). Therefore, we think that both data and developments are of the same importance for
better understanding of functioning of any R&D system as well as for potential learning and
lesson drawing.

When analyzing the performance of the system, we should very carefully look at its structure
— whether it is homogenous or heterogeneous and fragmented in comparison to other systems of
similar size. How many research organizations do operate within the system? Does the system
include specialized institutions for basic research - for example the academy of sciences? How
big is such a system? What is the role of universities in the R&D system? How big is the private
higher education sector? Which fields are covered by existing research organizations and
research infrastructures? What is the level of internationalization of the R&D system? Answers
to these and other questions are needed in order to understand functioning of the system.

Another important factor is the way R&D is financed in each country. There are basically
two main streams through which research organizations can be funded from public resources -
either via grants provided by grant agencies, ministries and other providers, or via institutional
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support. What is the ratio between institutional funding and grants? What is the ratio between
support for basic research and applied research? How much resources get research organizations
from business and from international sources?

Also the internal structure of the public resources invested in the public R&D sector should
be carefully scrutinized. During the analyzed period, all V4 countries used European Structural
Funds® to support their research - to build new research infrastructures and purchase research
equipment. Investment into research infrastructure and research equipment mainly through
European Regional and Development Fund (ERDF) played a very significant role in shaping the
overall public research system. What was the role of European Structural Funds in each country?
Were completely new research centers built in the country? What was their position within the
system?

Regarding outputs, it is very important to study what kind of system of financing and
research evaluation was in place during the analyzed period. For example, in the Czech Republic,
a purely quantitative system was implemented in the period between 2010 and 2017. The system
called “coffee grinder” was based on a sophisticated mathematical formula transforming the
points assigned to various research outputs (journal articles, books, conference contributions,
patents, prototypes etc.) into institutional funding of research organizations (for more details see
for example Arnold & Mahieu, 2011; Good, Vermeulen, Tiefenthaler, & Arnold, 2015; Young,
2014). Taking this fact into consideration, it is clear that there was an increased pressure for
publishing as much as possible notwithstanding the publisher, as the system did not differentiate
between the quality of the results.

One example we did not use in our comparative exercise between the V4 countries is the
number of registered patents. In the Czech Republic, in the given period, American or European
patent was assigned the same number of points as a highly valued article in Nature journal. We
can see from Czech Statistical Office data (2018) that the highest number of patents registered by
research organizations was in 2013. After patents and utility models were removed from the
methodology, not surprisingly, the number of submissions of public research organizations to
the Industrial Property Office of the Czech Republic declined. Though the number of awarded
patents increased between 2010 and 2013, the number of licensing agreements and income from
licenses stagnated. Such a development strongly supports the hypothesis that the increase of the
R&D production in the public sector in the mentioned period cannot be seen primarily as
reflection of the increased efficiency of the system, but rather as a consequence of the intro-
duction of the new methodology. The same is the situation with scientific publications and the
mechanism generated a high number of low-quality or piece-meal publications, which satisfied
the requirements of the “coffee grinder” and maximized the funding for the researcher, research
group and the institution.

By giving the above-mentioned examples from the Czech Republic, we want to demonstrate
that for understanding the system and evaluating its performance, quantitative data should be
complemented by deeper knowledge of the system and relevant narrative. At the same time, we
are aware of the fact that analyzing and comparing any R&D system and science policies brings
a number of challenges. For example, if one system is focused on expensive biomedical research,
and the other one is a high-throughput IT research in artificial intelligence, we compare

*For the 2014-2020 period, the official label is ESIF — European Structural and Investment Funds.
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incomparable. Biomedical research needs expensive facilities, clean spaces, many years of clinical
trials and a long lead time. IT research can be done on reasonably cheap equipment, is quick and
brings results, products and publications in months, one or two years. Reaction times between
investments and first results of both systems will be very different, cost distributions as well.
Methodologies will also have to differ.

Finally, we believe that the way the research and development system in each individual
country is structured, how individuals and institutions are evaluated, how the interaction be-
tween research organizations and businesses is supported, how the R&D funding is awarded etc.
are as important as the amount of public money which is invested into the system. This is in line
with the study of Soete, Verspagen, and Ziesemer (2020). They analyzed 17 OECD countries in
the period between 1975 and 2014. They discovered that public investment into R&D in general
increases a country’s GDP, yet they found countries in which extra investment into R&D has
small effects or leads even to lower productivity. The variety of results is attributed to different
externalities of R&D systems and unobserved characteristics of the innovation system. Also
Danovan (2007) argues that evaluation of R&D policies based on purely qualitative indicators
might fail to capture social, environmental and economic returns.

When we look at the classical 4E model of performance in public sector by Bouckaert and
van Dooren (2003), they talk about economy, efficiency, effectiveness and equity measures. The
span of performance in the public sector is how inputs, outputs and outcomes are related to each
other. Our approach stresses the effectiveness dimension - we argue that environment and
network members play as an important role as inputs and outputs. It is also important that trust
was incorporated to the original model (Bouckaert & Halligan, 2008).

Finally, we argue the fact that an individual country steadily increases its investment into
R&D (inputs) and generates a corresponding number of outputs does not necessarily mean that
its science policy is being successfully implemented, the best projects receive the public grants,
the outputs are meaningful, and a significant part of accumulated knowledge is successfully
transferred into industry and utilized for the society as a whole. As we all know, best practices
and measures can be implemented with various levels of success - all of them are not trans-
ferable and universally applicable across all systems. There is a number of factors influencing the
success or failure of science policy — history of the R&D system and its structure, norms in
society in general, political system, legal system, level of trust in the government and trust
amongst researchers themselves and general willingness to copy best practices from abroad. We
suggest that more research in these areas is needed as well as a deep knowledge of the science
policies in order to provide relevant narratives.
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