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ABSTRACT

In the article, whose construction is of theoretical and empirical nature, the author attempted to achieve the
following objectives: 1) identification and critical assessment of expenditures on research and development
(GERD index), expressed in euro per inhabitant, incurred by statistical units concentrated in the sectors: business
enterprises, government, higher education, private non-profit organizations and jointly in all sectors in countries
members of the European Union. The level and dynamics of these expenditures are treated as an indirect measure
of senior management's involvement in creating R&D policy and efficient management in R&D phases; 2) an
attempt to verify theses that R&D expenditures are variable and diversified in EU Member States, which indicates
the lack of a rational R&D policy focused on the systematic generation of new knowledge materialized in
innovations providing customers the expected value in a systemic way; 3) developing models of innovative R&D
activities management. To develop the article, research methods are used, such as: critical-cognitive analysis of
literature, statistical-comparative analysis of Eurostat's empirical secondary material, projection method. The level
of the GERD meter indicates a significant differentiation of R&D expenditure in individual sections of the analysis.
The member states of the old EU had relatively higher outlays for this purpose compared to the new member
states.

Key words: research and development activity, innovation, statistical unit, expenditures, knowledge,
management
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ABSTRAKT

Cele artykutu, ktérego konstrukcja ma charakter teoretyczno-empiryczny, sprowadzajg sie do: 1) identyfikacji i kry-
tycznej oceny wydatkéw na badania i rozwdj (wskaznik GERD), wyrazonych w euro na jednego mieszkanca, ponie-
sionych przez jednostki statystyczne skupione w sektorach: przedsigbiorstw, rzagdowym, szkolnictwa wyzszego, pry-
watnych organizacjach non profit oraz tacznie we wszystkich sektorach w panstwach cztonkowskich Unii Europej-
skiej (poziom i dynamike tych naktadéw potraktowano jako posrednig miare zaangazowania wyzszego kierownictwa
w kreowanie polityki B4R i sprawnego zarzadzania fazami B+R); 2) préby weryfikacji tezy, ze nakfady na B4R sg
zmienne i zréznicowane w panstwach cztonkowskich UE, co wskazuje na brak racjonalnej polityki B4R ukierunko-
wanej na systemowe generowanie nowej wiedzy materializowanej w innowacjach dostarczajacych klientom oczeki-
wang warto$¢ w systemowy sposob; 3) skonstruowania modeli innowacyjnego zarzadzania dziatalno$cig B+R. Do
opracowania artykutu wykorzystano nastgpujace metody badawcze: analize krytyczno-poznawcza pismiennictwa,
analize statystyczno-poréwnawcza wtérnego materiatu empirycznego Eurostatu, metode projekcyjng. Poziom mierni-
ka GERD wskazuje na znaczne zréznicowanie naktadéw na B+R w poszczegélnych przekrojach analizy. Pafistwa
cztonkowskie starej UE cechowaly sie wzglednie wyzszymi nakfadami na ten cel w poréwnaniu z nowymi pafstwa-
mi cztonkowskimi.

Stowa kluczowe: dziatalnos¢ badawczo-rozwojowa, innowacja, jednostka statystyczna, naktady, wiedza,
zarzadzanie

JEL: 023; 030; 032; 038

Introduction

One of the basic factors in the development of every economy, region,
business entities is innovation, therefore every statistical unit (observation
unit for which statistical data are collected and compiled) (Oslo Manual,
2018, p. 180) should strive for excellence in their systematic creation and
implementation in all areas of its operation, as well as in relations with the
entities of the task environment with particular emphasis on customers
(Griffin, 2007, p. 76). Excellent innovation organizations are characterized
by the following characteristics (Peters and Waterman, 2000, pp. 45-48;
Nguyen and Nhat-Hanh Le, 2019, p. 298): 1) willingness to act, 2) close
relationships with customers, 3) autonomy and entrepreneurship,
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4) efficiency achieved through people, 5) active commitment and value-
driving, 6) adherence to one's domain, 7) simple form and few
administrations, 8) a combination of ease and rigidity.

The basic condition for increasing the innovativeness of statistical units
is their ability to conduct research and development activity (R&D)
independently or to systematically use the results of such activity of other
statistical units (purchases). There is also a possibility of another scenario
based on the policy of joint R&D work with other organizations. Following
the indicated scenarios favors the growth of knowledge resources necessary
for the implementation of innovation creation processes and their
implementation in particular areas of business activity, in shaping
relationships with customers. Such a finding results from the very
definition of innovative activity treated as a set of activities of scientific
(research), technical, organizational, financial and commercial nature,
leading to the development and implementation of new or significantly
improved products and processes (Oslo Manual, 2018, p. 68).

A prerequisite for creating and implementing innovations, especially
strategic ones, is new knowledge or the ability to recombine the knowledge
possessed — in the case of improvement innovations (Xie, Hall, McCarthy,
Skitmore, and Shen, 2016, p. 70). Creators and holders of knowledge are
properly prepared people — people of knowledge who, under favourable
conditions, are able to generate such knowledge in a systemic way. These
opportunities arise within the framework of activities (R&D) organized and
conducted at all levels of the economic structure, but not by all statistical
units. The importance of R&D activity in the evolution of each organization
is unquestionable, especially in the context of knowledge-based economy
(Skrodzka, 2015, p. 114). The main feature of such an economy is the ability
to systemically produce, store, update, disseminate and use knowledge in
innovation creation processes. These processes make up the knowledge and
innovation management system (Arendra, Putri, Rumamby, and Mericia,
2018, p. 18).

In knowledge-based economy, knowledge is becoming a key factor for
development, wealth creation and employment, while human capital is a
source of creativity and innovation using information and communication
technologies. Thus, the organised creation of knowledge and its
systematic use has become a key requirement leading to increased
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competitiveness of individual economies in the 21st century. It
constitutes an important stage in the process of development of economic
entities, regions and entire societies (Knowledge-based economy, p. 87). It
can also be stated that the knowledge-based economy is a system of
consumption and production based on intellectual capital. In particular,
it refers to the possibility of using scientific discoveries and basic and
applied research, which is a fundamental aspect of all economic activity in
the most developed countries. In the knowledge-based economy,
intangible assets (employee knowledge, intellectual property) are the
main asset of the organization. One of the meters of such an economy is
the ability to carry out R&D activity in a systemic way (its
internationalization) and the ability to rationally use its results and
materialize them in product, process, organizational and marketing
innovations.

In practice, R&D activity is subject to numerous restrictions for
political, economic, technological, financial, organizational, social,
management, cultural, etc. reasons. (Das, Verburg, Verbraeck, and
Bonebakker, 2018, p. 99). The consequence of their impact is a relatively
low and diverse interest of the management of statistical units in individual
sectors in the systemic development of R&D activity treated as a source of
knowledge conditioning the rational course of innovative activity. Many
managers are not interested in shaping a rational R&D policy, because they
do not see the benefits of such activity, they are afraid of losing their
sovereign power (Bentzen, Sorensen, and Torfing, 2020, p. 3), or they think
only in operational efficiency categories (Baruk, 2019, pp. 21-23; Deloitte
Polska, 2016, p. 3).

The question arises how to meter the degree of involvement of heads of
statistical units in the development of R&D activities? Since one of the
important factors of the increase in the management's interest in the
development of R&D activity is the expenditures on this activity, it can be
assumed that the amount of these expenditures per one inhabitant and
their dynamics can be a determinant of the management's involvement in
the systemic development of R&D work in statistical units. Therefore, the
GERD (Gross Domestic Expenditure on R&D) meter was used for
statistical and comparative analysis of Eurostat's secondary empirical
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material, which determines the total internal expenditure on R&D
conducted on the national territory in a given reporting period. GERD is
the main aggregated statistical indicator used to describe the R&D activity
of a country, covering all the R&D expenditure of the country's economy,
used for international comparisons of R&D activity (Frascati Manual 2015,
p. 120).

Internal expenditures on R&D are all current expenditures and gross
investment expenditures incurred on fixed assets related to R&D activity
conducted in the statistical unit in a given reporting period, regardless of
the source of financing. The amount of total internal outlays on R&D
performed in the territory of a given country creates an indicator — gross
national expenditure on research and development (GERD) (GUS, 2018,
p. 15).

The analysis examined the development of this meter in 2014-2018 with
respect to the European Union (EU) as a whole, old and new member
states, including Poland.

The publication attempts to achieve the following goals:

o identification and critical assessment of R&D expenditures (GERD
indicator), expressed in euro per capita, incurred by statistical units
gathered in the following sectors: business, government, higher
education, private non-profit organizations, and jointly in all sectors.
The level and dynamics of these expenditures are treated as an indirect
meter of senior management commitment to R&D policy-making and
efficient management of R&D phases;

o an attempt to verify the thesis that R&D expenditures are variable and
diverse in the EU Member States, which indicates the lack of a rational
R&D policy aimed at the systemic generation of new knowledge
materialized in innovations providing customers with the expected value
in a systemic way;

¢ proposing models of innovative management of R&D activity.

The publication was prepared using the following research methods:

critical-cognitive analysis of literature, statistical and comparative analysis
of secondary empirical material from Eurostat, projection method.
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The essence of R&D activity. Model of R&D management

R&D activity, as a specific type of creative activity, must be (Frascati
Manual 2015, p. 30):

¢ innovative — oriented towards new discoveries,

o creative — based on original, unobvious concepts and hypotheses,

e unpredictable — uncertain as to the final result and cost, including the
time spent,

o methodical — conducted in a planned manner (with a specific R&D
project objective and source of financing),

o transferable or reproducible — leading to results that can be
reproduced.

The R&D activities consist of (Frascati Manual 2015, p. 30; Ecker, van
Triest, and Williams, 2011, p. 910; Baruk, 2019, p. 7):

e Dbasic research, including experimental or theoretical work undertaken
primarily to acquire new knowledge of the foundations of phenomena
and observable facts, with no focus on specific application or use;

o applied research, including original research undertaken in order to
acquire new knowledge; however, they are primarily aimed at a specific,
practical purpose;

¢ development work, including work undertaken in a methodical manner, based
on knowledge acquired through research and development activities and
practical experience and producing additional knowledge, aimed at producing
new products or processes or improving existing products or processes.

The indicated sets of activities are interdependent in terms of both
process and result, therefore they should be covered by the processes of
systematic, rational management by managers capable of creating a vision
of the organization's development, detailing it in the R&D and innovation
strategy, related to production and marketing strategies. The management
of the R&D sphere should be aimed at synchronizing the acquisition of new
knowledge and its rational transformation into new products (products or
services). The idea of such management is presented in Figure 1.
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R&D management model
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Source: own elaboration.

Management in accordance with the assumptions of the presented
concept may facilitate the social organization of knowledge and its use
through the implementation of management functions including: 1)
creating objectives for basic, applied and developmental research, resulting
in the acquisition of new knowledge, 2) planning the ways of achieving
these objectives, 3) organizing conditions conducive to the achievement of
objectives in the structural and process sense, 4) acquiring human
resources and motivating them to achieve the partial objectives that make
up a specific phase of the R&D process, 5) controlling the compliance of
practical activities with previously established objectives and plans,
possibly correcting deviations. These functions are repeated in relation to
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subsequent phases of the R&D activity after taking into account their
content.

The first logical management action should be to establish an R&D
strategy to effectively address emerging internal or external problems.
Such a strategy should result in objectives to be achieved in the next phases
of R&D works. The efficiency of the course of individual phases requires
finding answers to the following questions: 1) what is the problem to be
solved, 2) what knowledge is necessary to solve the problem?, 3) how to
acquire this knowledge?, 4) what resources should be engaged for efficient
acquisition of knowledge?, 5) how should the acquired knowledge be used
in the subsequent phases of the R&D process?, 5) how should the
information and decision-making processes proceed in order to efficiently
manage individual phases of R&D?

It should be stressed that each phase of the R&D process requires a
different approach to management due to the specificity of these phases
(Suomala and Jokioinen, 2003, p. 214). The creative and holistic approach
of the chief executive of each statistical unit to such management is
justified (Heij, Volberda, Van den Bosch, and Hollen, 2019, p. 281). This
category of innovation can be defined as the first, conscious application of
new ways of performing management functions, new management
methods, leading to increased efficiency in performing these functions,
resulting in beneficial transformations in the social system of the
organization, increasing the integration of individual functional areas and
the ability to acquire knowledge and materialize it in new products,
processes and customer relationships. These changes, characterized by
novelty, should result in the improvement of effectiveness of functioning
and development of the organization and individual functional areas. The
consequence of such an approach to the management of individual phases
of R&D work should be an innovation capable of satisfying specific internal
or market needs (providing value). In every situation the information and
decision making processes must be based on the results of the diagnosis of
the current state of the statistical unit and elements of its environment,
with particular emphasis on actual and potential customers. The
manifestation of such diagnosis may be a statistical-comparative analysis of
expenditures on research and development activities incurred in a given time.
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The development of the GERD
meter in all sectors

The first cross-section of the analysis is the level and dynamics of
national R&D expenditures (GERD) incurred in all sectors in the European
Union (EU) Member States and the United States per capita. As Table 1
shows, on average, in the EU, domestic R&D expenditures gradually
increased from 562.1 euro/inhabitant in 2014 to 656.5 euro/inhabitant in
2018. Thus, the level of this meter increased by 16.8%. In terms of value
and dynamics, the level of national spending on R&D varied across Member
States. Among the old Member States, the highest expenditures per capita
were incurred in Sweden. In 2014 it amounted to 1,411.3 euro and was
849.2 euro higher than the EU average. In the following years, these
expenditures gradually increased to 1,615 euro in 2017. However, in 2018
a decrease in the analyzed meter to 1,540.7 euro was recorded. Outside
Sweden, the relatively high national R&D expenditures per capita of more
than 1,000 euro were characterized by a relatively high level: Denmark,
Austria, Finland, Germany, Luxembourg and Belgium — but only in
2017-2018. In Denmark, Austria and Germany, GERD was not only
characterized by a relatively high level, but also by successive growth
dynamics over the analyzed period of time. Compared to 2014, the growth
rate in 2018 was at a high level: 14.9% in Denmark and Austria; 21.3% in
Germany.

At the opposite end of the scale on the other side were: Greece, Portugal,
Spain and Italy. In these countries, on average, in the years 2014-2018, the
internal R&D spending per capita was on average: 169.5 euro in Greece;
235.7 euro in Portugal; 293.4 euro in Spain and 380.8 euro in Italy.
Compared to 2014, 2018 saw an increase of 48.7% in Greece, 24.9% in
Portugal, 16.2% in Spain and 13.4% in Italy.

Large differences in the level and dynamics of the meter were
observed among the new Member States. The countries that stood out
positively were Slovenia, the Czech Republic and Estonia. In Slovenia,
the average per capita R&D spending in the years 2014-2018 was 438.8
euro with a decrease from 432.9 euro in 2014 to 388.4 euro in 2017. In
2018, expenditures were lower by 0.1 euro/inhabitant.
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National spending on research and development (GERD)
in all sectors in 2014-2018 (in euro per capita)

The amount of expenditure in years:

Specification
2014 2015 2016 2017 2018

European Union (EU-28) 562.1 594.1 598.0 624.2 656.5 (p)
0Old EU-15 Member States:

Austria 1,207.7 1,223.0 1,279.9 1,286.9 1,388.1 (p)
Belgium 854.3 900.4 959.5 1,045.5 1,115.0 (p)
Denmark 1,376.2 1,473.7 1,534.2 1,551.4 1,580.9 (p)
Finland 1,194.6 1,109.5 1,080.0 1,121.7 1167.7
France 724.2 749.9 745.1 757.7 773.5 (e)
Greece 136.2 156.9 162.7 189.3 202.5 (p)
Spain 275.6 283.6 285.5 302.2 320.3
The Netherlands 788.4 810.4 833.0 857.0 974.8 (p)
Ireland 629.9 669.8 686.2 765.3 769.1
Luxembourg 1,145.8 1,176.5 1,198.1 1,220.1 1,208.3 (p)
Germany 1043.1 1,093.4 1,121.7 1,206.4 1,265.4 (e)
Portugal 214.1 215.4 231.0 250.7 267.5 (p)
Sweden 1,411.3 1,504.3 1,537.0 1,615.0 1540.7
Great Britain 589.9 671.9 618.3 590.8 622.7 (p)
Italy 358.3 364.5 382.0 392.7 406.4 (p)
New EU-13 Member States:

Bulgaria 46.9 60.4 52.5 54.7 60.0 (p)
Croatia 80.0 88.7 96.0 101.9 122.2 (p)
Cyprus 104.3 100.7 116.5 128.9 134.0 (p)
Czech Republic 294.0 308.4 280.8 324.5 371.6 (p)
Estonia 217.9 230.3 205.4 231.3 277.2 (p)
Lithuania 128 133.4 1134 133.0 141.3 (p)
Latvia 81.3 76.6 56.1 70.7 96.3 (p)
Malta 141.0 162.6 130.3 143.2 142.6
Poland 101.6 113.6 108.3 127.3 158.5 (p)
Romania 28.8 39.4 414 48.1 52.5
Slovakia 123.6 171.0 118.1 137.8 138.0
Slovenia 431.9 413.5 393.4 388.4 431.8 (p)
Hungary 144.7 153.3 139.5 170.8 209.8
USA 1,125.3 1,390.0 1,442.5 1,477.8 —

(p) — preliminary data (provisional)

(e) — estimated data

Source: own elaboration on the basis of Eurostat Data Explorer, https://appsso.eurostat.ec.europa.eu/nui/print.do
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In 2014, expenditure of nearly 432 euro has secured Slovenia 12th
position among the Member States. The same was in 2018. In the Czech
Republic, spending on R&D was 294.0 euro per capita in 2014. In the
following year it increased by 4.9 p.p., while in 2016 it decreased by 4.5 p.p.
In 2017 it increased by 10.4 p.p. compared to the base year, and in 2018 by
28.4 p.p. In Estonia the average value of the GERD meter in the analyzed
period was 232.4 euro/inhabitant without clear upward trends.

The lowest expenditures on R&D were recorded in Romania and
Bulgaria. On average, they amounted to 42 and 54.9 euro per capita. In
Poland, the average value of the GERD meter was 121.9 euro/inhabitant.
In subsequent years of the analysis, these expenditures increased slightly
from 101.6 euro to 158.5 euro, except for 2016, when the analyzed meter
decreased by 4.7 p.p. compared to the previous year. However, compared to
the base year (2014), the meter increased by 6.6 p.p. Overall, in terms of the
GERD meter, Poland was ranked 24th in 2014, 23rd in 2015, 24th in 2016
and 2017, and 20th in 2018. Among the new Member States, Poland was
ranked 9th in 2014, 2016 and 2017, 8th in 2015, and 5th in 2018. It should
be emphasized that, against the background of the average level of the
GERD meter in the EU, Poland's achievements in this respect were very
modest. In the analyzed period of time, a significant and widening gap was
visible: 460.5 euro/inhabitant — in 2014, 480.5 euro/inhabitant — in 2015,
489.7 euro/inhabitant — in 2016, 496.9 euro/inhabitant — in 2017 and
498.0 euro/inhabitant — in 2018.

In terms of national R&D spending, it was below the EU average in
2014. Greece, Spain, Portugal, Italy — among old Member States and all
new Member States. Similar trends occurred in the remaining years. In
general, per capita domestic R&D expenditure in the new Member States
was clearly different from that in most of the old Member States.

The development of the GERD meter
in the enterprise sector

The second cross-section of the analysis is the level and dynamics of
national expenditure on R&D (GERD) incurred in the enterprise sector per
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capita. In most industrialized countries, the highest share of expenditures
on R&D activity is in the business enterprises sector. The business
enterprise sector includes (Frascati Manual 2015, p. 34):

o all enterprises with resident status, including not only enterprises with
legal personality, regardless of the place of residence or the seat of their
shareholders. This includes both private companies (listed and traded or
not) and public sector companies (i.e. companies controlled by the
government sector),

e unincorporated branches of non-resident enterprises which are
considered to be resident and part of this sector because they produce in
the given economic area in the long term,

e all resident non-commercial institutions that are manufacturers of
products or services on the market or provide services for business.

As Table 2 shows, the average level of the analyzed GERD meter in the
EU was: 359.5 euro/inhabitant in 2014 and it gradually increased to 382.0
euro/inhabitant in 2015. (increase by 6.3 p.p.); to 390.9 euro/inhabitant in
2016. (an increase of 2.3 p.p. compared to the previous year); to 412.8
euro/inhabitant in 2017. (an increase of 5.6 p.p. compared to the previous
year); to 438.0 euro/inhabitant in 2018 (an increase of 6.1 p.p. compared to
the previous year). Thus, a few percent increase in the analyzed meter year-
on-year is visible, which is a positive phenomenon.

In the Member States, this meter was at a very different level.
Among the old Member States, Sweden was the leader, where in 2014
the national R&D expenditure in the enterprise sector amounted to just
over 946 euro/inhabitant. By 2017, it was gradually, albeit slightly
increasing to nearly 1,152 euro/inhabitant (an increase of 21.7 p.p.
compared to the base year). Unfortunately, the following year saw a
decrease to 1092 euro/inhabitant (down 5.2 p.p.). Denmark and Austria
were also among the countries with the highest national R&D
expenditures in the enterprise sector. In Denmark in 2014 they
amounted to nearly 878 euro/inhabitant. In the following years they
increased slightly by 6.6 p.p. in 2015; by 6.7 p.p. (year-on-year) in 2016;
by 0.5 p.p. in 2017 and by 1.3 p.p. in 2018.
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Austria was ranked third in terms of the meter, with almost 861
euro per capita in the enterprise sector in 2014. In the years that
followed, the dynamics of this expenditure was on an upward trend, up
to almost 970 euro in 2018. The recorded year-on-year increases were
accordingly: 1.4 p.p. in 2015; 2.9 p.p. in 2016; 0.07 p.p. in 2017 and 7.9
p-p. in 2018.

At the opposite end of the scale were Greece, Portugal and Spain. In
these countries, the internal per capita R&D expenditure in the
enterprise sector was the lowest among the old Member States. In 2014,
Greece had just over 46 euro per capita, Portugal over 99 euro and Spain
nearly 146 euro. The positive feature of the analyzed meter in these
three countries was a slight but systematic increase in the following
years. In 2018 it reached the level of nearly 98 euro, which means an
increase of 111.5 p.p. compared to 2014. In Portugal the increase was
36.6 p.p. and in Spain 24 p.p.

Among the old Member States, the EU's GERD was below the
average value of the analyzed meter: Greece, Spain, Portugal and Italy.
A similar situation took place in the United Kingdom, but only in 2017
and 2018.

The situation was much worse in the group of the new member states,
because in each of them the R&D expenditures expressed in
euro/inhabitant did not match the European average. Among these
countries, Slovenia, the Czech Republic and then Hungary and Estonia
stood out. In 2014 in Slovenia, the GERD meter was just over 334
euro/inhabitant and was 25.4 euro lower than the EU average. In the
following three years, its value decreased to 290.4 euro in 2017, i.e. by 13.1
p.p- In 2018, the meter increased by 10.3 p.p. compared to the previous
year. However, these results place Slovenia only 12th among the Member
States.

The worst results among the new Member States were achieved by
Latvia, Romania, Cyprus and Bulgaria. The average value of national R&D
spending in these countries was respectively: 20.9; 22.1; 37.3 and 39.0 euro
per capita respectively.
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National R&D spending (GERD) in the enterprise sector in 2014-2018
(in euro per capita)

The amount of expenditure in years:
Specification

2014 2015 2016 2017 2018
European Union (EU-28) 359.5 382.0 390.9 412.8 438.0 (p)
0Old EU-15 Member States:
Austria 860.9 873.4 898.6 899.2 969.9 (p)
Belgium 597.1 629.7 658.2 734.1 786.5(p)
Denmark 877.6 935.4 998.3 1,003.0 1,016.0 (p)
Finland 808.9 739.7 711.0 732.0 766.7
France 470.5 477.8 485.1 494.5 505.9 (p)
Greece 46.2 51.7 68.7 92.3 97.7 (p)
Spain 145.9 149.0 153.4 166.1 181.0
The Netherlands 441.7 453.8 485.6 498.0 653.6 (p)
Ireland 454.3 477.4 485.2 579.0 575.1 (p)
Luxembourg 615.6 607.2 647.8 680.6 674.4 (p)
Germany 705.7 750.7 764.5 833.6 870.9 (p)
Portugal 99.4 99.9 111.8 126.4 135.8 (p)
Sweden 946.2 1048.3 1069.5 1151.9 1092.0
Great Britain 384.3 443.7 414.8 399.2 430.5 (p)
Italy 203.1 212.0 232.2 244.9 252.2 (p)
New EU-13 Member States:
Bulgaria 30.8 44.3 38.4 38.5 43.1 (p)
Croatia 38.6 454 44.3 49.3 58.7 (p)
Cyprus 23.3 23.0 43.1 47.9 49.4 (p)
Czech Republic 164.5 167.5 171.7 204.0 233.9 (p)
Estonia 94.9 106.1 105.8 109.2 117.4 (p)
Lithuania 39.5 36.5 39.7 49.0 53.0 (p)
Latvia 28.9 18.9 13.7 19.2 23.9 (p)
Malta 77.9 83.5 80.7 93.6 84.4
Poland 47.3 52.9 71.1 82.1 104.7 (p)
Romania 12.0 17.3 22.9 27.3 31.1
Slovakia 45.5 47.8 59.5 74.6 74.6
Slovenia 334.1 315.4 297.8 290.4 320.3 (p)
Hungary 103.5 112.6 103.4 124.8 158.6
USA 804.7 999.0 1,047.0 1,080.0 —

(p) — preliminary data (provisional)

Source: own elaboration on the basis of Eurostat Data Explorer https://appsso.eurostat.ec.europa.eu/nui/print.do
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In comparison to the Member States, Poland ranked relatively low, for
which in 2014 the analyzed GERD meter was just over 47 euro/inhabitant.
In this respect, Poland was ranked 20th in 2014; 2015 and 2016; 21st in
2017 and 19th in 2018 among all member states; 6th in 2014-2017 and 5th
in 2018 among the new member states. Compared to the average results for
the EU, the internal R&D expenditures (in euro/inhabitant) in Poland in
the enterprise sector were lower by 312.2 euro in 2014; by 329.1 euro in
2015; by 319.8 euro in 2016; by 330.7 euro in 2017 and by 333.3 euro in
2018. On the positive side, the value of the analyzed meter is growing in the
following years of the analysis, as in 2018 it increased by 121.3 p.p.
compared to 2014.

The development of the GERD meter
in the government sector

Another cross-section of the analysis is the level and dynamics of
national spending on R&D (GERD) incurred in the government sector per
capita. The government sector consists of (Frascati Manual 2015, p. 35):

o all central/federal, regional/state and local/municipal government units,
including social security institutions, with the exception of those units
that correspond to the description of higher education institutions;

¢ other public administration bodies: agencies performing or financing
R&D and all non-market non-commercial institutions which are
controlled by government units and which do not themselves belong to
the higher education sector.

The size of these expenditures, expressed in euro/inhabitant, is shown
in Table 3. In the period 2014-2018, they amounted to 68.7 euro/inhabitant
on average in the EU. A characteristic feature of this meter is its relatively
stable level in subsequent years of analysis. Year by year the dynamics of
changes was as follows: In 2015, this meter increased by less than 3 p.p.; in
2016, it decreased by 3.3 p.p., increased by 3.4 p.p. in 2017, and increased
by 1.4 p.p. in 2018.
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National spending on research and development (GERD)
in the government sector in 2014-2018 (in euro per capita)

The amount of expenditure in years:
Specification
2014 2015 2016 2017 2018
European Union (EU-28) 67.4 69.4 67.1 69.4 70.4 (p)
0Old EU-15 Member States:
Austria 55.0 56.0 90.7 91.9 99.2 (p)
Belgium 76.9 82.7 92.5 98.1 105.9 (p)
Denmark 31.6 32.9 34.0 46.1 47.5 (p)
Finland 103.3 90.7 88.1 95.8 97.1
France 93.1 95.7 94.7 94.6 96.7 (e)
Greece 37.8 44.1 40.7 419 45.1 (p)
Spain 51.8 54.3 52.8 53.6 53.9
The Netherlands 93.4 96.7 94.0 95.1 56.4 (p)
Ireland 28.1 29.1 28.4 29.8 32.9
Luxembourg 342.1 350.6 314.8 291.0 287.9 (e)
Germany 152.5 153.8 154.8 163.4 170.3 (e)
Portugal 134 14.0 12.1 13.7 15.2 (p)
Sweden 52.9 51.4 52.3 58.5 55.9
Great Britain 42.8 446 40.5 38.5 38.1 (p)
Ttaly 48.7 479 48.0 48.5 51.5 (p)
New EU-13 Member States:
Bulgaria 11.6 12.5 11.1 12.7 13.3 (p)
Croatia 20.9 21.8 20.4 22.8 24.4 (p)
Cyprus 144 13.1 12.3 12.9 12.8 (p)
Czech Republic 53.5 62.9 51.0 56.0 61.7 (p)
Estonia 23.9 24.9 23.5 27.2 31.7 (p)
Lithuania 21.8 22.8 29.6 37.1 30.2 (p)
Latvia 19.5 19.6 17.8 185 21.9 (p)
Malta 14.1 26.8 1.7 1.3 1.9
Poland 24.3 27.1 2.7 2.9 3.1 (p)
Romania 124 15.1 13.8 15.6 16.1
Slovakia 35.0 477 25.3 28.7 29.3
Slovenia 52.5 55.9 52.9 53.6 58.5 (p)
Hungary 19.9 20.4 18.7 21.4 22.8
USA 127.8 153.5 146.6 143.9 —

(p) — preliminary data (provisional)
(e) — estimated data

Source: own elaboration on the basis of Eurostat Data Explorer, https://appsso.eurostat.ec.europa.eu/nui/print.do
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In the Member States, the highest values were achieved in Luxembourg
with an average of 317.3 euro per capita and in Germany with 159 euro per
capita. While Germany recorded a slight increase in this meter in the
following years of the analysis, in Luxembourg it decreased to nearly 288
euro per capita in 2018. Compared to 2014, it therefore fell by 15.8
percentage points.

In terms of national R&D spending in the government sector, the worst
results were recorded in Portugal, with an average of 13.7 euro per capita,
and in Ireland, with an average of 29.7 euro per capita. In these countries,
the dynamics of this meter increased or decreased slightly in subsequent
years of the analysis. Compared to 2014, in 2018 it increased by 13.4 p.p. in
Portugal and by 17.1 p.p. in Ireland.

Overall, among the old Member States in 2014 and 2015, 6 countries
achieved above the EU average: Luxembourg, Germany, Finland, the
Netherlands, France and Belgium. In 2016, 2017 and 2018, Austria joined
them, while in 2018 the Netherlands dropped by 14 euro per capita
compared to the EU average.

In the new Member States, the GERD meter level in the government
sector clearly differed from the EU average. Only the Czech Republic and
Slovenia stood out positively from the other countries. In the Czech
Republic, the average R&D spending in the government sector was EUR 57
per capita, almost EUR 12 below the EU average, while in Slovenia, it was
EUR 54.7 per capita, which was 14 euro below the EU average.

In Poland the analyzed meter was on average 12.1 euro/inhabitant. This
result is lower than the EU average by 56.6 euro. In particular years the
expenses incurred in Poland were lower by 43.1 euro/inhabitant in 2014; by
41.7 euro in 2015; by 64.4 euro in 2016; by 66.5 euro in 2017 and by 67.3 euro
in 2018 compared to the EU average. Since 2015, the existing gap has widened
to reach 25.6 euro/inhabitant in 2018. A characteristic feature of Poland is a
sharp decline in R&D spending in the government sector per capita from 27.7
euro in 2015 to only 2.7 euro in 2016, i.e. by 25 euro and a minimal increase
in subsequent years to just over 3 euro in 2018. The result of the relatively low
level of the GERD meter is Poland's distant position among the member
states. In the years 2014-2015 it was 18th and in 2016-2018 — 27th place. In
the group of new member states Poland was in 4th and 12th position. In the
years 2016-2018, only Malta achieved worse results.
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The development of the GERD meter
in the higher education sector

Another cross-section of the analysis is the level and dynamics of
national R&D expenditures (GERD meter) incurred in the higher
education sector per capita. The higher education sector includes (Frascati
Manual 2015, p. 36):

o all universities, technical universities and other institutions providing
formal higher education programmes, regardless of their source of
funding and legal status,

o all research institutes, centers, experimental stations and clinics which
conduct R&D activities under direct control or management of higher
education institutions.

As can be seen from Table 4, in 2014 these expenses were more than 130
Euros/inhabitant. In the following years they changed slightly to increase
by 9.6 p.p. in 2018 compared to 2014. On average, it was 136.6
euro/inhabitant in the period under review.

The GERD meter has changed significantly across Member States. The
highest values were in Denmark and Sweden, averaging 493.7 (357.1 euro
per capita more than the EU average) and 403.3 euro per capita (266.7 euro
more than the EU average). While in Denmark the meter had a slight
upward trend except in 2016, Sweden has seen increases (2016 compared to
2015), but also decreases in R&D spending. This is the case in 2015, when
the GERD meter decreased by 1.7 p.p. compared to 2014 and 2017 and
2018. In 2017, R&D spending decreased by 2.3 p.p. compared to 2016 and
in 2018 by 2.9 p.p. compared to 2017.

The countries that stand out, i.e. those that incur higher than EU averages
expenditure on R&D in the higher education sector, included: Austria with an
average of 291.7 euro per capita (up by 155.1 euro); Finland with an average
of 278.9 euro per capita (up by 142.3 euro); Netherlands with an average of
259.1 euro per capita (up by 122.5 euro); Luxembourg with an average of
227.4 euro per capita (up by 90.8 euro); Germany — average 202
euro/inhabitant (more by 65.4 euro); Belgium — average 197.2
euro/inhabitant (more by 60.6 euro); Ireland — average 160.3 euro/inhabitant
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National spending on research and development (GERD)
in the higher education sector in 2014-2018 (in euro per capita)

The amount of expenditure in years:
Specification

2014 2015 2016 2017 2018
European Union (EU-28) 130.5 137.4 134.9 137.3 143.1 (p)
Old EU-15 Member States:
Austria 286.1 287.5 284.4 288.8 311.5 (p)
Belgium 176.4 183.0 203.0 207.4 216.0 (p)
Denmark 461.4 500.2 496.6 497.7 512.6 (p)
Finland 273.2 270.6 271.5 284.8 294.5
France 149.4 164.9 153.1 156.7 158.6 (e)
Greece 50.6 59.3 51.9 53.6 57.6 (p)
Spain 71.5 79.7 78.6 81.9 84.6
The Netherlands 253.3 259.9 253.5 263.8 264.8 (p)
Ireland 147.5 163.3 172.9 156.5 161.1
Luxembourg 188.1 218.8 235.5 248.5 246.0 (e)
Germany 184.9 189.0 202.3 209.4 2243 (e)
Portugal 97.6 98.1 103.3 106.7 112.2 (p)
Sweden 408.9 401.8 412.2 402.7 391.1
Great Britain 152.1 170.2 150.0 140.1 140.3 (p)
Italy 95.7 93.0 92.3 92.6 95.6 (p)
New EU-13 Member States:
Bulgaria 4.1 3.3 2.7 3.1 3.3 (p)
Croatia 20.6 21.5 31.3 29.9 39.2 (p)
Cyprus 50.9 50.3 464 53.1 56.1 (p)
Czech Republic 74.7 76.8 57.4 63.7 81.1 (p)
Estonia 96.5 95.2 73.0 91.7 123.5 (p)
Lithuania 66.7 74.1 44.2 46.9 54.5 (p)
Latvia 33.0 38.1 24.5 33.0 50.4 (p)
Malta 49.0 52.2 47.9 48.3 56.3
Poland 29.6 32.8 34.0 41.8 50.2 (p)
Romania 4.4 6.9 4.7 5.1 5.1
Slovakia 42.6 74.9 32.7 34.0 33.5
Slovenia 452 42.1 42.6 43.5 51.5 (p)
Hungary 19.5 18.6 15.6 22.7 26.7 (e)
USA 147.2 181.5 189.5 192.7 (p) —

(p) — preliminary data (provisional)
(e) — estimated data

Source: own elaboration on the basis of Eurostat Data Explorer, https://appsso.eurostat.ec.europa.eu/nui/print.do
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(more by 23.7 euro); France — average 156.5 euro/inhabitant (more by
19.9 euro) and the United Kingdom — average 150.5 euro/inhabitant (more
by 13.9 euro). In the remaining countries of the old EU, i.e. Portugal, Italy,
Spain and Greece, the GERD meter was lower than the EU average.
However, slight upward trends were recorded only in Portugal. The lowest
value of the surveyed meter was observed in Greece. On average, it was
54.6 euro/inhabitant, which was 40% of the EU average.

In terms of R&D expenditure in the higher education sector, it stood out
among the new Member States: Estonia (average 96 euro/inhabitant) and
the Czech Republic (average 70.7 euro/inhabitant). These results are close
to the Italian and Spanish averages and are significantly lower than the EU
average. At the opposite end of the scale were Bulgaria and Romania with
GERD averages of 3.3 and 5.2 euro/inhabitant respectively. These results
are the lowest in the whole EU.

In Poland, R&D expenditures in the higher education sector in 2014
amounted to almost 30 euro/inhabitant, which was only 22.7% of the EU
average. In subsequent years, these expenditures increased slightly year-
on-year by 3.2 euro in 2015; by 1.2 euro in 2016; by 7.8 euro in 2017 and by
8.4 euro in 2018, representing 35.1% of the EU average. On average, in the
years 2014-2018, the expenses incurred in Poland amounted to 37.7 euro
per capita and were lower than the EU average result by 98.9 euro.
A positive development of the GERD meter in Poland is a slight but gradual
increase in the following years of the analysis, which was not always
characteristic of many other countries both among old and new member
states. Comparing the level of R&D expenditures in the higher education
sector in Poland with those in other Member States, it is possible to
determine Poland's place in the EU. In 2014 and 2015 it was 24th in the
whole EU and 9th among new Member States, in 2016 and 2017. — 22nd
and 7th position, in 2018. — 23rd position in the entire EU and 8th among
the new Member States.
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The development of the GERD meter
in the private non-profit sector

The last cross-section of the analysis is the level and dynamics of
national R&D expenditures (GERD meter) incurred in the private non-
profit sector per capita. Private non-profit institutions have traditionally
played a significant role in R&D activities both as contractors and
financiers, although generally to a lesser extent than in other economic
sectors. The sector of private non-profit institutions includes (Frascati
Manual 2015, pp. 36-37):

o all non-profit institutions serving households as defined in the SNA
2008, except those in the higher education sector;
¢ households and individuals engaged or not engaged in market activities.

The values of this meter formed in the years 2014-2018 in selected
Member States, on average in the EU and in the USA are presented in
Table 5. In contrast to the previous analysis cross-sections, the
consideration of R&D spending in the private non-profit sector is limited
due to incomplete statistical data presented by Eurostat.

As Table 5 shows, GERD values in the non-profit sector were
significantly lower compared to the enterprise, government and higher
education sectors. In this sector, in the years 2014-2018, on average in the
EU nearly 5.0 euro per capita was spent on R&D. The highest value
(5.3 euro) was in 2015 and the lowest (4.7 euro) in 2017. In the Member
States for which Eurostat presented figures, the level and dynamics of
these expenditures varied from year to year. Among the old Member States,
the GERD meter was highest in the UK and France. In the former, it
averaged 12.8 euro per capita on average over the period under review, i.e.
7.8 euro more than the EU average. The lowest value, less than 11 euro per
capita, was reached in 2014 and the highest 13.8 euro in 2018. Thus,
a slight increase of 3.1 euro was recorded. In France, the average value of
R&D spending was 11.8 euro per capita and was 6.8 euro higher than the
European average. In both these countries we can speak about a relative
stability of the meter under consideration. In France, it grew in 2018 by 1.1
euro compared to 2014.
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National spending on research and development (GERD)
in the private non-profit sector in 2014-2018 (in euro per capita)

The amount of expenditure in years:
Specification
2014 2015 2016 2017 2018

European Union (EU-28) 4.8 5.3 5.1 4.7 5.0 (p)
0Old EU-15 Member States:

Austria 5.7 6.0 6.3 7.0 7.6 (p)
Belgium 3.9 49 5.8 5.8 6.6 (p)
Denmark 5.6 5.2 54 4.6 4.8 (p)
Finland 9.2 8.6 9.3 9.2 9.5
France 11.2 115 12.2 12.0 12.3 (e)
Greece 1.7 1.8 14 15 2.0 (p)
Spain 0.5 0.6 0.7 0.6 0.8
The Netherlands — — — — —
Ireland — — — — —
Luxembourg — — — — —
Germany — — — — —
Portugal 3.7 3.4 3.7 3.9 4.3 (p)
Sweden 34 2.8 3.0 1.9 1.7
Great Britain 10.7 13.5 13.0 13.0 13.8 (p)
Ttaly 10.9 11.6 9.5 6.7 7.1 (p)
New EU-13 Member States:

Bulgaria 0.4 0.3 0.2 0.5 0.4 (p)
Croatia — — — — —
Cyprus 15.8 14.4 14.6 15.1 15.6 (p)
Czech Republic 1.2 1.2 0.7 0.9 0.8 (p)
Estonia 2.6 4.1 3.2 3.3 4.7 (p)
Lithuania — — — — —
Latvia — — — — —
Malta — — — — —
Poland 0.3 0.2 0.5 0.4 0.5 (p)
Romania 0.1 0.1 0.1 0.1 0.1
Slovakia 0.5 0.7 0.6 0.6 0.6
Slovenia 0.2 0.2 0.1 0.8 1.4 (p)
Hungary — — — — —
USA 455 56.0 594 61.1 —

(p) — preliminary data (provisional)
(e) — estimated data

Source: own elaboration on the basis of Eurostat Data Explorer, https://appsso.eurostat.ec.europa.eu/nui/print.do
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In the old Member States, Spain and Greece showed the least interest in
developing R&D activities in the private non-profit sector. In the first
country, R&D expenditure averaged 0.6 euro/inhabitant and in Greece 1.7
euro. They were lower than the EU average by 4.4 euro and 3.3
euro/inhabitant respectively.

Among the new Member States, only Cyprus was distinguished by
relatively high R&D expenditures in the private non-profit sector. On
average, during the period under review, they amounted to 15.1 euro/inhabitant.
They were higher than the EU average by 10.1 euro and the highest in the
whole community. Their dynamics was rather stable.

In the other new Member States, R&D expenditures in the non-profit
sector were at a much lower level compared to the EU average. Apart from
Estonia and the Czech Republic, where they ranged from 2.6
euro/inhabitant to 4.7 euro (Estonia) and 0.7 euro/inhabitant to 1.2 euro
(Czech Republic) respectively, in the other countries the GERD meter did
not reach 1 euro/inhabitant. In the extreme case (Romania) only 0.1
euro/inhabitant was spent on R&D.

In Poland, the analyzed meter changed from 0.2 euro/inhabitant in
2015 to 0.5 euro in 2016 and 2018. In the analysed period an average of
0.38 euro/inhabitant was spent on R&D, i.e. less by 4.6 euro than in the
EU. In particular years, the expenditure on R&D in Poland was lower
than the EU average by 0.38 euro/inhabitant, i.e. less by 4.6 euro than
in the EU: 4.5 euro/inhabitant in 2014, by 5.1 euro in 2015, by 4.6 euro
in 2016, by 4.1 euro in 2017 and by 4.5 euro in 2018. The level of the
analyzed meter provided Poland with 17th position in 2014, 2015 and
2018; 16th position in 2016 and 18th position in 2017 among the
countries listed in Table 5, while among the new Member States it was
6th position in 2014, 2015 and 2018; 5th position in 2016, and 7th
in 2017.

Summary

A statistical-comparative analysis of R&D expenditures in the EU and
in the Member States, using the GERD meter, expressed in
euro/inhabitant, leads to the following conclusions:
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o these expenditures varied in terms of size during the period in question
both in the old EU member states and in the new countries,

o the nature of the dynamics of these expenditures indicates a significant
degree of randomness of R&D policy in particular sectors,

o thereis a clear gap between old and new Member States. The former had
much higher R&D expenditure except for Greece and Portugal,

o the different amount of outlays incurred in particular years indicates a
lack of rational R&D policy in the sectors concerned,

o the level of R&D expenditures in all new Member States was lower than
the EU average in all analysed sections except Cyprus in the non-profit
sector,

o the average level of the GERD meter in the EU was significantly lower
than the average in the USA: by 751.9 euro/inhabitant in all sectors; by
396.6 euro/inhabitant in the business sector; by 74.2 euro/inhabitant in
the government sector; by 41.1 euro/inhabitant in the higher education
sector and by 50.5 euro/inhabitant in the non-profit sector,

o there is a clear (in minus) gap between the level of R&D investment in
Poland and the average performance for the EU and most Member
States, which places Poland at a distant position among the Member
States,

¢ in terms of R&D expenditures (average results in the EU) expressed in
euro/inhabitant, the leading position is held by the enterprise sector —
average GERD 396.6 euro/inhabitant, followed by the higher education
sector — average GERD 136.6 euro/inhabitant; government — average
GERD 68.7 euro/inhabitant and non-profit — where the average GERD
was only 5 euro/inhabitant.

It should be stressed that the signalled order of individual sectors in
terms of per capita R&D expenditures does not apply to all Member States.
For example, in Cyprus, the GERD meter was higher in the higher
education sector than in the enterprise sector. A similar situation took
place in Lithuania and Latvia. There are also countries such as
Luxembourg, Bulgaria, Romania and partly Hungary, where the GERD
meter in the government sector was higher than in higher education.

Thus, it can be assumed that individual statistical units do not pursue
a rational, long-term research and development policy, resulting in a
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systematic acquisition of new knowledge necessary to solve current and
future problems occurring within individual units, at their interface with
customers and in their environment. Such policy requires taking into
account many legal, economic, social, organizational, technical,
marketing, management, methodological and financial factors which are
manifested by a sufficiently high level of expenditures and their
dynamics on planned research and development works inspired by
technological, social, economic and market needs in subsequent periods
of time.

The above mentioned statements allow to state that the adopted
objectives of the publication have been achieved.

Since the problems to be solved arise not only at the level of statistical
units, but also at the local, regional and national level, it is necessary to
involve governments, higher education units, enterprises and non-profit
organizations in shaping coherent R&D policy at all levels of management.
It may be helpful in this respect to follow the concept proposed in Figure 2,
which encourages holistic innovation in the management of statistical
units.

The essence of management based on this model, which is innovation
in itself (innovation in management), is based on the systemic
cooperation and financial integration of institutions in the sectors
(Serrano-Bedia, Lopez-Fernandez, and Garcia-Piqueres, 2010, p. 444):
government, business, higher education and private non-profit
organizations within a specific R&D policy. Financial integration involves
the systematic acquisition and use of financial resources (own funds,
credits, subsidies, grants, tax credits, venture capital, etc.) to achieve the
objectives resulting from R&D policies carried out in specific sectors and
coordinated by the national policy of socio-economic development (Baruk,
2009, p. 133). Such coordination may be facilitated by rational processes
of managing R&D activity, including the following functions: setting R&D
activity goals and planning the ways of their realization, organizing,
leading and controlling, carried out in particular sectors, aimed at
systemic acquisition of new knowledge and its use to solve emerging
problems, to create/co-create innovations being the main factor of
development of each economy, increase of its competitiveness, creation of
value for clients.
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The model of management of R&D activity
in the sectors that incur expenditures on this activity
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Innovative ways of realising management functions by managers can
create an organizational context conducive to systemic creation/co-creation of
new knowledge, linking it with existing knowledge and its rational use to solve
emerging problems in various functional areas of statistical units, to create/co-
create and implement innovations providing customers with expected value,
to transform knowledge into a competitive advantage. The innovations in
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management are conducive to overcoming all barriers accompanying R&D
activity, innovative activity, barriers dependent on management. Such
barriers are internal barriers, in particular (Das, Verburg, Verbraeck, and
Bonebakker, 2018, p. 99): incorrectly developed strategy of the statistical unit
or lack thereof, wrong organizational architecture, passive leadership, low
organizational culture (Wang and Chen, 2017, p. 97), low level of R&D
organization or lack thereof, nurturing of bureaucratic structures, anti-
motivational incentives to achieve results, inability of the management to
analyse the market systemically, behaviour of customers and competitors,
technological turbulence, lack of knowledge of modern management methods,
lack of ability to create an innovative experience environment, lack of
understanding of the role of R&D activity in the process of creating new
knowledge and its relation to innovative activity, etc.
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