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Abstract:

Purpose: An efficient innovation system currently plays a crucial role in creating competitive
prevalence, contributing to the economic growth of individual states. The innovation system is
influenced by many socioeconomic factors, including in international rankings of
innovativeness of economies. These classifications have some limitations. Primarily, they do
not examine the efficiency, which means they do not analyze the relationship between the
involved inputs and the relevant outputs generated in the innovation system. The study aims to
measure the efficiency and productivity of the European state's innovation system based on the
data from the international ranking of economies' innovation.
Design/Methodology/Approach: In this study, the changes in the efficiency and productivity
of the innovation system coming from European states were measured using the DEA and
Malmquist index methods, based on data from the European Innovation Scoreboard
international ranking innovation in economies. The maximizing of economic benefits was
assumed in its impact on employment and sales in a given state. The non-radial SBM model,
Super SBM, and Malmquist index based on SBM were used for the research. 27 European
states were subjected to the analysis in the period from 2012 to 2019.

Findings: The research results indicate that the average level of efficiency in the surveyed
period fluctuated around 70%. Higher results of efficiency were achieved more frequently by
states that joined the EU after 2004. The increase in the productivity of individual states was
caused most frequently by an increase in their efficiency (catch-up effect) and less frequently
by shifting the efficiency frontier (frontier effect).

Practical Implications: The following research hypothesis was decided to be laid down:
developing states and those newly admitted to the European Union after 2004 have been
gaining relatively more economic benefits from smaller national innovation systems (NIS)
resources than developed states and the so-called states of the "old Union."
Originality/Value: The added value of the article is, first of all, a comprehensive measurement
of the efficiency and productivity of European states NIS in three aspects - efficiency status,
efficiency ranking, and productivity changes assessment.
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1. Introduction

European states are currently facing many development challenges. As early as 2017,
the European Commission identified the following issues: demography, migration,
decarbonization, and innovations (among other things, the digital transformation of
the European economy). In the following years, such issues were emphasized: the
need to improve competitiveness against the BRICS states, to support democracy
along with economic and social stabilizing in the Member States, to open the European
Union to the world, and to implement the principles of the Green Deal. It is supposed
not only to respond to climate hazards facing the world (emission-free economy,
sustainable energy) but also to offer the group a new development impulse in the 21st
century. From the beginning of 2020, the necessity to overcome the Covid-19
pandemic was the first plan issue as it has had a significant impact on society,
economy, natural environment, and technology (Abodunrin, Oloye, and Adesola,
2020; Reinhart and Reinhart, 2020). This was manifested in such phenomena as
recession, the decline in GDP, consumption, projects, unemployment increase (Gern
and Hauber, 2020), and poverty. At the same time, some advantageous phenomena
have been noticed at that period, which appeared as a result of knowledge societies
mobilizing to overcome this hazard. They are related to a great extent to the use of the
innovative potential of various states that are trying to combat health, social and
economic hazards with the help of new solutions - product, service, process,
organizational and marketing innovations (George, Lakhami, and Puranam, 2020).

However, before the pandemic, societies of many more or less developed states had
noticed a strong influence of current and future limitations for development. Even
after the Covid-19 pandemic, they will affect the potential for growth and socio-
economic development of all states and their competitiveness in the long run. They
occur in the ecological, socio-demographic, economic, technological, political, and
legal arenas, and even in military sectors (Carayannis and Campbell, 2014). They are
related to human responsibility for creating conditions for long-term social and
individual well-being and harmonious relations between humans and nature (United
Nations, 2015; European Commission, 2019). These challenges set out the need to
introduce the concept of sustainable development that will ensure that the needs of the
present generations are satisfied while the needs of future generations continue to have
a chance to be met (Bak, Cheba, and Lacka, 2020).

The growth and economic development understood in such a way in the macro-, meso-
and micro-scale set out the capability of economic entities to create, introduce, and
diffuse innovation in the knowledge economy and to use the resources included both
in the Regional Innovation Systems (RIS) and the National Innovation System (NIS)
while cooperating within the framework of innovation processes. This was reflected
in the works of such authors as Carayannis and Campbell (2010), Carayannis, Barth
and Campbell (2012), and the United Nations Development Programme entitled
Spark, Scale, Sustain, Innovation for the Sustainable Goals (UNDP, 2017). In this
context, it becomes more and more essential to assess the efficiency and productivity


http://mostwiedzy.pl

A\ MOST

Irena Lgcka, Lukasz Brzezicki

473

of innovative systems in various states, whose organization and operation absorb more
and more outlays from public and private funds.

The study aims to measure with the use of the DEA and Malmquist index methods the
changes in the efficiency and productivity of the European state's innovation system
based on the data from the international ranking of economies” innovation. The
following research hypothesis was decided to be laid down: developing states and
those newly admitted to the European Union after 2004 have gained relatively more
economic benefits from smaller NIS resources than developed states and the so-called
states of the"old Unio."

The added value of the article is, first of all, a comprehensive measurement of the
efficiency and productivity of European states NIS in three aspects - efficiency status,
efficiency ranking, and productivity changes assessment. The European Innovation
Scoreboard research is extended and supplemented by this approach. It also fills in the
research gaps found out while reviewing the literature. It is also worth emphasizing
that the Malmquist Index calculated using the non-radial SBM model, which was
never applied in the discussed subject, was used to assess the changes in NIS
productivity.

2. Literature Review

The transformation of the economy according to the sustainable and inclusive
development paradigm requires innovative systems where research institutions,
universities, enterprises, government, and local government authorities cooperate,
along with non-governmental organizations, entrepreneurship support institutions
together with innovation, transfer, and technology commercialization centers. The
interactions created between them set out the innovativeness of enterprises in a given
state (Nelson and Rosenberg, 1993). These institutions create, commercialize and
make possible the diffusion of a new product, process and service solutions. Thus,
they contribute to technological change (Patel and Pavitt, 1994). As laid down by
Lundvall et al. (2009), this comprehensive system is characterized by openness and
evolution. NIS is under the impact of institutional, regulatory, and structural links that
make possible the development and use of new knowledge in manufacturing
processes. This favors entrepreneurship as well as economic growth and development.

This confirms the continued usefulness of Lundvall's (1985) innovation system
concept, Freeman's (1987) NIS idea from the second half of the 1980s, and its
subsequent modifications set out in the works of Lundvall (1988, 2007). Those edited
thereby (Lundvall, 1992) or derived from the quadruple and quintuple helix concept
from the 21st century (Carayannis and Campbell, 2009; Leydesdorff, 2012) for the
consideration of the importance of innovation and RIS in the development of the
modern economy. This problem has always been in the field of interest of many
authors. A review of the achievements in this field can be found in the works of
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Watkins, Papaioannou, Mugwagwa, and Kale (2015), Kim, Bae, and Byun (2020),
and Kim, Park, and Kwon (2020).

With the development of the NIS concept, tools for evaluating and measuring such
systems began to be developed in different states. Economists used individual indices
of innovation, which differ by weight, and set out the innovation process in another
way. They were used to draw up complex innovation indices that express an
innovation status of a given state with a single number. Based thereon, they can
compare the performance of innovation systems, assess whether economies gain good
or bad results in this regard, and set out the reasons for the success or failure of a given
innovation system (Carvalho, Carvalho, and Nunes, 2015).

This approach has been used to develop various complex innovation indices that such
international economic organizations use as the World Bank, the European Bank for
Reconstruction and Development, the Organization for Economic Co-operation and
Development (OECD), the European Union, and The World Intellectual Property
Organization (WIPO). Complex indices serve them to classify member states and
create rankings from the point of view of their innovative capacity and the results of
innovative activities. The Knowledge Index (KI) and the Knowledge Economy Index
(KEI) were created for the World Bank and were based on the assessment of four
groups of factors (the so-called pillars). These include economic incentives and the
institutional regime, education, innovation, and information and communication
technologies. Similar indices grouped under four pillars (institutions for innovation,
skills for innovation, innovation system, and ICT infrastructure) are used by the
European Bank for Reconstruction and Development.

The OECD compares the innovative potential and the effects of its use in the
framework of cyclic Science, Technology, and Innovation Scoreboard reports. In this
case, OECD states are compared in five areas: Investing in Knowledge, Talent, and
Skills, Connecting to Knowledge, Unlocking Innovation in Firms, Competing in the
Global Economy, Empowering Society with Science and Technology (Karahan,
2017). WIPO experts, in cooperation with well-known business schools, INSEAD and
Cornell University, draw up annual innovation reports of the states around the world
with the use of the complex Global Innovation Index (GlI) structured under indices
which set out such pillars of innovation as institutions, human resources and research,
infrastructure, market experience, the experience of undertakings, effects in
knowledge and technology and effects in creativity (Cornell University, INSEAD,
WIPO, 2020).

The innovativeness of European Union members is compared under the Summary
Innovation Index (SII), published in the annual reports of the European Innovation
Scoreboard (between 2001 and 2009 as well as between 2016 and 2020) and the
Innovation Union Scoreboard (between 2010 and 2015). Partial indices attributed to
two categories and three thematic groups are used to create a composite index. The
indices of the contribution to innovative activities make up the first category, whereas
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the second comprises those that present the effects of this activity. The following areas
(thematic groups) along with the areas of analysis are distinguished amongst the
significantly analyzed scopes: catalysts (human resources, open, excellent, and
attractive research systems as well as financing and support), activities of
undertakings (enterprise investment projects, connections, and entrepreneurship as
well as intellectual assets) and results (economic effects) (European Union, 2020).

The application of the presented methods to assess and compare the innovativeness of
various states, although ordinary, reveals some problems while being applied. One of
them is such that an attempt is made to assess the performance of national innovation
systems with a single digit (a composite index). Karahan (2017) emphasizes that this
type of research misses a systemic analysis that would make possible an in-depth
interpretation of the relationship between the elements of the national innovation
system. Econometric studies on the dynamics of the innovation process by Griffith,
Redding, and Van Reenen (2004) made up a response to these limitations. Scientists
were trying to set out the impact of R&D and human capital on the total productivity
of factors of production. These studies confirmed this impact. In the case of R&D,
they showed that innovation and technology transfer stimulate productivity growth
and that human capital works in the same way as it supports innovation and
absorption. However, it results from the studies by Castellacci and Nater (2013) that
there are long-term structural links in the NIS, which set out the innovative capability
and the economy's absorption capability. In terms of innovation, they bring about the
complementarity of these two areas as their effect.

Other methods were also applied to study the NIS. As suggested by Karadayi and
Ekinci (2019), research in this area can be divided into four groups, the research
method used for the analysis taken into consideration. The authors claim that the
research was mainly done using the non-parametric DEA method (Data Envelopment
Analysis), parametric SFA (Stochastic Frontier Analysis), Malmquist productivity
index, and regression analysis methods. Most of the studies are done with the use of
the DEA and Malmaquist productivity index methods. Both methods are related to each
other, which will be presented later in the article. Jurickova, Pilik, and Kwarteng
(2019) gave a brief overview of NIS research from 1997 to 2016. The research on the
efficiency and productivity of NIS is very varied in many aspects. The authors applied
various DEA models to measure efficiency (Jurickova, Pilik, and Kwarteng, 2019; Lu,
Kweh, and Huang, 2014; Afzal, 2014).

In order to rank the efficiency, they applied DEA models with super-efficiency (Guan
and Chen, 2012), and to assess changes in productivity, they applied the Malmquist
index (Zabala-lturriagagoitia et al., 2020). It shall be underlined that the authors
applied various solutions for the assumptions of the DEA model itself, i.e., an output-
oriented model (Karadayi and Ekinci, 2019), an input-oriented model (Pan, Hung, and
Lu, 2010), a model with constant returns of scale (Jurickova, Pilik, and Kwarteng,
2019) and a model with variable returns of scale (Afzal, 2014). The research applied
both standard DEA maodels, e.g., CCR and BCC (Jurickova, Pilik, and Kwarteng,
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2019; Afzal, 2014), and advanced ones, e.g., network DEA (Lu, Kweh and Huang,
2014; Guan and Chen, 2012; Carayannis, Grigoroudis and Goletsis, 2016) which were
first of all used to analyze sub-processes or stages of the transformation of inputs into
output within the innovation system. The studies have applied radial DEA models,
e.g., CCR and BCC (Jurickova, Pilik, and Kwarteng, 2019; Afzal, 2014), and non-
radial models, e.g., SBM (Lu, Kweh and Huang, 2014).

However, researchers applied radial DEA models much more frequently than non-
radial ones. Some authors have used two-stage analysis to identify factors that have
an impact on the level of efficiency. For this purpose, in the second stage, the
procedure of Tobit/OLS regression (Afzal, 2014) or that of Simar and Wilson (2007)
were usually applied, but the latter would be used more frequently (Lu, Kweh, and
Huang, 2014). In their research, the authors used both raw (Jurickova, Pilik, and
Kwarteng, 2019) and index data (Afzal, 2014; Zabala-lturriagagoitia et al., 2020)
coming from various databases (e.g., SIl, World Bank, etc.). The choice of appropriate
input and output data depended to a greater extent on the purpose of the analysis and
the previous research on the subject. That is why some authors adopted variables
exclusively for some aspects of the innovation system (Karadayi and Ekinci, 2019,
Jurickova, Pilik, and Kwarteng, 2019).

In contrast, others applied a much more comprehensive range of data to illustrate it
comprehensively (Zabala-lturriagagoitia, Aparicio, Ortiz, Carayannis, and
Grigoroudis, 2020). In the hitherto studies, either exclusively efficiency or
productivity has been measured without referring them to international innovation
rankings (Afzal, 2014), or the results of efficiency or productivity achieved have been
compared with ranking indices, e.g., Sll. Jurickova, Pilik, and Kwarteng (2019) can
be placed in the other group of studies that showed that the high states in the European
Union's innovation rankings between 2005 and 2016 are not technically efficient.

Although they show high rates of innovation, they fail to apply correctly the resources
introduced into the innovation system, and the expenditures are incurred ineffectively.
Zabala-lturriagagoitia, Aparicio, Ortiz, Carayannis, and Grigoroudis, (2020) came to
similar conclusions. Under Sll data from 2011 to 2018, the authors measured changes
in the productivity of national innovation systems in 33 European Union states
applying the (global) Malmquist index. Other procedures were also applied, the
bilateral comparisons with the use of DEA (Pan, Hung, and Lu, 2010) or met frontier
approach (Kontolaimou, Giotopoulos, and Tsakanikas, 2016) included, in order to
take into consideration the differences between developed and developing states or
between European and Asian states.

However, despite many studies differentiated in many aspects, there are still to be
research gaps in the discussed topics. Firstly, the studies conducted have analyzed NIS
either in one or at a maximum of two aspects. Up to now, authors have either studied
the efficiency separately with the application of DEA models, or ranked it, applying
modified DEA models with super-efficiency, or else estimated the changes in
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productivity with the use of the Malmquist index, or else they would only use the first
two approaches together (Guan and Chen, 2012), or the first and third approaches
(Zabala-Iturriagagoitia et al., 2020). However, no comprehensive studies to put
together these three research aspects have been done. Secondly, non-radial DEA
models have been used sporadically to measure efficiency, but so far, the Malmquist
index based on the non-radial SBM model has not been applied to estimate changes
in productivity over time within these topics. Thirdly, up to now, one DEA model has
not been used to measure NIS in three aspects (i.e., efficiency, ranking, change in
productivity). Fourthly, a three-step study under SlI data has not been done. That is
why it was decided to fill in the research gaps found out.

3. Research Methodology

The DEA method is assumed to have begun with a paper by Charnes, Cooper, and
Rhodes (1978), in which the CCR model with the constant returns to scale (CRS) was
presented. Then, Banker, Charnes, and Cooper (1984) suggested the BCC model with
the variable returns to scale (VRS). The CCR and BCC are radial models, i.e.,
depending on the model's orientation, either proportional reduction of all inputs or
proportional increase in all outputs can occur, that is why Tone (2001) proposed a new
non-radial SBM model (Slacks-Based Measure). Non-radial models, contrary to radial
models, allow, depending on the orientation, for a disproportionate (differentiated)
increase in outputs or reduction of inputs. In economic practice, the assumption of
non-radial models is of crucial importance while measuring efficiency. The output-
oriented SBM under constant-returns-to-scale (SBM-O-C) is defined by Tone
(2017a):

Xip = Xj=1 XijA; + s 1)
n

Yrn = Z Yrihj — st
=

42057205520

where:
X - vectors of inputs, y - vectors of inputs, A - intensity vector, s~ and s*are called the
input and output slacks, respectively.

However, classical models (e.g., CCR, BCC, and SBM) generally set out a few entities
that have achieved the efficiency index equal to one. That is why it is impossible to
set out the ranking of efficient entities. The solution would be to use a model with
super-efficiency that sets out indices for efficient entities above one. Tone (2002)
presented the Super SBM model that applies the above concept of measurement. The
output-oriented Super SBM under constant-returns-to-scale (Super SBM-O-C) is
defined Tone (2017b):
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The above models measure the level of efficiency in one period only. That is
why, Fére, Grosskopf, Lindgren, and Roos (1992; 1994), based on the work by Caves,
Christensen, and Diewert (1982), presented the Malmquist productivity index (MI)
calculated with the application of radial DEA models to measure changes in
productivity between two periods. Fére, Grosskopf, Lindgren, and Roos, (1992)
proposed input-based Malmquist productivity index, and later Fére, Grosskopf,
Lindgren, and Roos, (1994) suggested output-based Malmquist productivity index.
Then, Tone (2004) proposed that the Malmquist index shall be calculated using the
non-radial SBM model. The output-oriented Malmquist index calculated with the use
of a non-radial SBM (MI-O SBM) is defined by Tone (2004):

1/2

M = [61((xoyo)2) 62((xoyo)2)] @3)

§1((xo¥) 1) 82((x0Y0)1)

Calculation of the defined Malmquist index (3) consists in solving four linear
programming problems: 81 ((xo¥o)1), 82((X6¥0)2) , 81 ((x6¥0)2), 82((x,¥,)1), With
the SBM model. Two of them relate to measurements over the same period (t = 1 or
t = 2), and the other two relate to intertemporal results. The Malmquist SBM index
(Tone, 2004), similarly to its radial form Fire, Grosskopf, Lindgren;and Roos,
(1992, 1994), can also be decomposed into two elements: EC (efficiency change) or
"catch-up" effect and TC (technical change) or "frontier shift" effect which set out
the impact of individual factors on the change in productivity over time (Fére et al.,
1994; Tone, 2004):

MI =ECXTE =

52(("03’0)2) [51((7503’0)2) 51((7503’0)1) 1/2 (4)
S ((xoyodt)  L82((x0¥0)?) ~ 82((x0¥0)Y)

If the M1 equals one, then the productivity remains the same. However, when the index
is more significant than one, there is an increase in productivity, and when it is below
one, there is a decrease in productivity. The EC and TE components results for which
the frontier value is also 1 (which means no change) are interpreted similarly.

In Europe, the most popular tool for measuring and evaluating the innovation system
in individual states and throughout the European Union (EU) is SllI. The variables
adopted to build the SII are related to the EU policy and Community development
objectives, which were contained, among other things, in the Europe 2020 Strategy
(European Commission, 2010). To measure the efficiency and changes in the
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productivity of the innovation system in the European states, it was decided to adopt
SlI sub-indices (Table 1) for analysis. While assessing the structure of SII from the
prospect of the Europe 2020 Strategy, it can be seen that the innovation system should
impact measurable economic benefits in terms of employment, as well as sales of
innovations and export of products and services. That is why the Employment Impacts
(y1) and Sales Impacts (y2) sub-indices were assumed as output and the remaining
sub-indices (x1- x8) as input. Statistical characteristics of the variables assumed for
the research are presented in Table Al in the appendix.

Table 1. Output and input data assumed for the research

Sub-Index from SlI:

Explanation of data in sub-index from SlI

X1— Human Resources
x2— Research Systems
x3— Innovation
friendly Environment

x1: New doctoral studies graduates, population completed tertiary
education, lifelong learning

x2: International scientific co-publications, scientific publications among
top 10% most cited, foreign doctoral students

x3: Broadband penetration, opportunity-driven entrepreneurship

xa: R&D expenditure in the public sector, venture capital expenditures

y2— Sales Impacts

é )S(:; Fc:rrltance and xs: R&D expenditure in the business sector, non-R&D innovation
- x El?:irm Investments expenditures, enterprises providing ICT training
X57 Innovators xs: SMEs with product or process innovations, SMEs with marketing or
o= organisational innovations, SMEs innovating in-house
x7— Linkages : . - . o
wa— Intellectual Assets | Innovative SMEs collaborating with others, public-private co-
8 publications, private co-funding of public R&D expenditures
xs: PCT patent applications, trademark applications, design applications
= | yi— Employment yﬁ) \I,Evrlrrl]pltf)xmsr:rt] rl]rg) \lj;t(i)\\gliggteo-rl:tengve activities, employment fast-
£ | Impacts grovnd : intensi i
3 y2: Medium & high-tech product exports, knowledge-intensive services

exports, sales of new-to-market/new-to-firm innovations

Source: Own research.

The difference in methodology between this research and the SlI study needs
emphasizing as it determines the results obtained. In the SlI study, all variables are
treated the same way; their influence on the ranking is the same. There is no division
into variables of inputs and outputs of the innovation system. This means that all
variables and indices shall be of the highest value possible. The SII composite
innovation index is the unweighted average of all indices (Barbero, Zabala-
Iturriagagoitia, and Zofio, 2021). The above approach is far from identifying the
efficiency of the innovation system in a given state and throughout the EU. The Sl
study did not measure or assess the relationship between the inputs used to generate
outputs, which makes up a fundamental limitation (Edquist et al., 2018). It is worth
underlining that the authors of the second significant innovation ranking, i.e., GlI
(Cornell University, INSEAD, WIPO, 2020), not only assessed the innovation of
economies based on the main index and sub-indices but also took advantage of the
DEA method to assess efficiency (see Table A3 in appendix), which was missing in
the SII survey. It needs adding that once their research is completed, Carayannis,
Grigoroudis, and Goletsis (2016) noted that the bases of the theory and practice of
innovation should be revised, the definition, along with operationalization and
interpretation of research, measures, and indices of innovation, such as Sl included.
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That is why the decision was taken to fill in the gap found out and extend the SlI
analysis to include the study of the efficiency in individual years and the changes in
productivity between years. In this study, the authors focus on studying the efficiency
of the innovation system, or else on measuring the relation between the inputs applied
and the appropriate number of outputs being generated.

For the decision-makers of innovation policy, both in the regions and states, to
generate as many widely understood innovations as possible is more important than
to reduce the resources used to generate them as they will translate into a competitive
advantage of the economy. Thus, the SBM, Super SBM, and MI-SBM models output-
oriented were selected to be used. The state which obtains more outputs from the given
inputs will be more efficient than those other understudies. As the EIS sub-index data,
which are normalized, were applied for the study, models with constant returns to
scale were used at each research stage (SBM, Super SBM, MI-SBM). The approach
is compliant with the assumption presented in the literature "if the data set consists of
normalized numbers, the CRS model might be an appropriate candidate” (Cooper,
Seiford, and Tone, 2007). It is worth noting that the CRS models have an advantage
over the VRS models, as feasible solutions are not missing therein, as is the case of
the latter, mainly while calculating the Malmquist index (Cooper, Seiford, and Tone,
2007).

To ensure consistency between the various stages of the study, the same period
between 2012 and 2019 was adopted for analysis. Twenty-seven European states were
chosen for the study (Austria, Belgium, Bulgaria, Cyprus, the Czech Republic,
Germany, Denmark, Estonia, Greece, Spain, Finland, France, Croatia, Hungary,
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, The Netherlands, Poland,
Portugal, Sweden, Slovenia, Slovakia, and the United Kingdom).

4. Results

The average level of efficiency of the innovation system in the case of 27 European
states oscillated around 70% between 2012 and 2019 (Figure 1). Between 2012 and
2014, there was an insignificant increase in the average efficiency. However, from
2015 to 2019, alternating increases and drops in the average efficiency value are
noticed. The 2019 decline inefficiency was more significant than in earlier periods,
which contributed to the significant decrease in the efficiency index in the following
states: Cyprus, Greece, and Latvia. Interestingly, there was a slow process in the
analyzed period, which reduced the efficiency of disproportions between individual
states.

The average efficiency value being produced in the entire studied sample in the
analyzed period is needed to present the level of efficiency in individual states (Figure
2). The highest average efficiency level between 2012 and 2019, equal to 100%, was
achieved by as many as five states, Bulgaria, Hungary, Malta, Poland, and Slovakia,
and the lowest by Finland (35%). It is worthy of attention that there was a surge-like
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drop in the efficiency indices by more than ten percentage points between France and
Portugal. The lowest efficiency values between 2012 and 2015 and between 2018 and
2019 were achieved by Finland, while by Austria in 2016 and Lithuania in 2017. In
2012, 2013, and 2016, thirteen states achieved higher efficiency than the average for
the entire sample. However, in 2014, 2015, and 2017, there were already 14 states,
and in 2018 as many as 15 states. The situation changed in 2019, as only 12 states
recorded differences in efficiency compared to the entire sample average. The states
which joined the EU after 2004 obtained higher efficiency indices than the average
efficiency and than those that started to belong there earlier more frequently.

The most significant deviation of the efficiency results (st. dev. 0.17-0.12) in the
researched period between 2012 and 2019 was observed in the following states,
Cyprus, Croatia, Latvia, Greece, The Netherlands, Italy, and the United Kingdom.

However, no efficiency indices were noted in Bulgaria, Hungary, Malta, Poland, and
Slovakia. The country's membership in one of the four efficiency groups was
determined based on the classification proposed in the SII. The first group of
"Innovation Leaders" (above 125% of the average efficiency) includes eight states.
There were 7 "Strong Innovators" (between 95% and 125%), 11 "Moderate
Innovators™ (between 50% and 95%), and only one country qualified for the "Modest
Innovators™ group (below 50% average efficiency).

Figure 1. Total performance level of 27 states between 2012 and 2019
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Source: Own research.

Figure 3 shows the geographical distribution of efficiency indicators at the beginning
(2012) and end (2019) of the study period. More countries achieved 100% efficiency
in 2012 than in 2019, respectively 11 and 7. Figure 3 shows that Central European
countries score relatively higher than, for example, Scandinavian countries.
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Figure 2. Average level of efficiency between 2012 and 2019 in the case of
individual states
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Figure 3. Geographical distribution of efficiency indicators in 2012 and 2019
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The research proposal (Cornell University, INSEAD, WIPO, 2020) decided to
compare the SllI indices with the DEA efficiency scores (Fig. 4). Countries in
guadrants | and IV have high potential (above average SllI), but only countries in
quadrant | use their resources more efficiently (above average DEA efficiency).
Although some countries (quadrant 1) have a much lower Sl potential than developed
countries (below the EU average), they gain much more economic benefit than
countries considered to be innovation leaders (according to the SlI ranking).

Figure 4. Compare efficiency DEA score and SlI indicators in 2019
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In the following research stage, the ranking of the innovation system efficiency in the
European states was based on the Super SBM-O-C model. In Table 2, the places taken
by individual states in the efficiency ranking are shown. Between 2012 and 2013 and
between 2018 and 2019, Hungary, Malta, and Slovakia took the top three places, but
their order changed in the other period. It needs emphasizing that in the analyzed
period, Hungary did not find its place on the podium only in 2014, and Slovakia
between 2015 and 2017. On the other hand, Malta was in the top three most efficient
states between 2012 and 2019. A change amongst ranking leaders occurred between
2014 and 2017. Poland came third in 2014, 2016, and 2017, whereas Greece was
second in 2015. It shall be underlined that in the top ten most efficient entities in the
entire period between 2012 and 2019, more states joined the EU after 2004 than the
states of the so-called” old Union.”
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On the one hand, the results may indicate that the newly admitted states are developing
more efficiently than those with more significant innovation potential. Perhaps this is
related to their taking advantage of EU funds and the need to square up restrictively
both the achieved effects and the allocation of funds. On the other hand, it can be
assumed that the states of the “old Union” have a much broader approach to
developing the innovation system through qualitative growth (e.g., networking),
which has not been analyzed in this study.

Table 2. Positions taken by states in the efficiency ranking in individual years

Country Average | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Malta 1.3 2 2 1 1 1 1 1 1
Hungary 25 1 1 5 3 2 2 3 3
Slovakia 3.3 3 3 2 4 6 4 2 2
Poland 4.0 4 4 3 7 3 3 4 4
Bulgaria 5.0 5 6 4 5 5 5 5 5
Greece 7.6 8 8 9 2 4 6 7 17
Cyprus 8.4 6 5 6 6 8 14 6 16
Luxembourg 9.1 12 11 8 8 10 9 9 6
Ireland 9.3 10 10 13 11 7 8 8

Italy 10.9 7 7 10 12 13 13 14 11
Latvia 11.0 9 9 15 16 9 7 10 13
Netherlands 11.6 16 15 11 9 11 10 11 10
Czechia 121 13 12 14 13 14 11 12 8
Croatia 13.6 11 13 7 14 15 17 17 15
United Kingdom 13.6 18 18 12 10 12 12 15 12
Spain 15.3 17 16 18 17 17 15 13 9
Germany 16.4 14 14 19 18 20 16 16 14
France 16.9 15 17 16 15 18 18 18 18
Slovenia 20.8 25 23 23 19 16 21 19 20
Portugal 21.0 21 22 21 21 22 20 20 21
Denmark 21.5 19 20 20 20 24 22 23 24
Lithuania 21.9 20 19 17 25 21 27 24 22
Sweden 22.3 22 21 22 22 23 24 21 23
Belgium 23.1 23 25 24 24 25 23 22 19
Estonia 234 24 24 26 23 19 19 26 26
Austria 25.8 26 27 25 26 27 25 25 25
Finland 26.6 27 26 27 27 26 26 27 27

Notes: States according to the average ranking.
Source: Own research.

At the last stage, the changes in productivity in the following years were estimated
based on MI- SBM-O. The average values of the Malmquist index, catch-up, and
frontier effect are presented in Figure 5. Changes in Ml in the analyzed period are
insignificant within the range of 0.96-1.01. Similar small intervals were observed in
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catch-up (0.93-1.06) and frontier effect (0.95-1.04). The research results indicate that
there was an increase between 2012 and 2013, and in the period between 2015 and
2016, there was no change in MI. In the remaining periods between 2013 and 2015,
between 2016 and 2019, the MI decreased. Thus, it means a reduction in productivity
in the analyzed years.

Figure 5. Geometric average of Malmquist index, catch-up and frontier effect in
individual years
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An increase in the catch-up effect was observed in four and the frontier effect in only
two periods (from 2016 to 2017 and from 2018 to 2019). This means that between
2012 and 2019, the actual efficiency of the innovation system changed more
frequently in individual states than the efficiency frontier effect between the two
periods. The most significant increase in M1 was observed in Slovenia, then Bulgaria
and Malta, and the lowest in Greece (Fig. 6). On the other hand, the most significant
increase in the catch-up effect was noticed in the case of Malta (1.07) and in the
frontier effect — occurred in Cyprus (1.06). It needs emphasizing that 11 states
increased their average productivity in the period between 2012 and 2019.

For the overwhelming majority of the surveyed states, the increase in productivity was
caused by an increase in the efficiency of a given entity between individual years (catch-
up effect). Only in the case of 6 states did the frontier effect positively impact the increase
in productivity. The most significant deviation of MI (st. dev. 0.26-0.28) between
individual years was observed in the following states: Cyprus, Estonia, Malta, Lithuania,
and Latvia. In Cyprus, Estonia, and Malta, there was a single significant decline in Ml in
one period. On the other hand, a significant change in M1 occurred twice in the other two
states, i.e., Lithuania and Latvia.
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Figure 6. Geometric average of Malmquist index, catch-up and frontier effect in
individual states
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Now, it is worth stating that the results to which came this research and the Zabala-
Iturriagagoitia, Aparicio, Ortiz, Carayannis, and Grigoroudis (2020) analysis,
although carried out based on the same SlI data from between 2012 and 2018, differ
from each other in consequence of different research assumptions, i.e., other output
variables, different number of states subjected to the research, and the use of varied
models (radial DEA and Malmquist index with its modification — global Malmgquist
index, and other specification of orientation and returns-to-scale: input-oriented with
the VRS). That is why the results obtained in each research overlap only to an
insignificant degree, which is related to the basic assumptions of the DEA method,
whose results of relative technical efficiency depend on the number of objects
surveyed, variables, and model specification assumed for the research. Nevertheless,
it shall be emphasized that this very research filled the research gap in the analyzed
topic.

5. Conclusions

The research carried out brings the following conclusions. From 2012 to 2019, the
average level of NIS efficiency of the European states adopted for the research was
kept at a similar level above 70%, while in 2019, it dropped to 68%. In several years,
a few analyzed states, such as Bulgaria, Hungary, Malta, Poland, and Slovakia,
achieved 100% NIS efficiency. This may be evidence of the stability of these states,
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despite the internal and external conditions being variable. Higher efficiency results
were achieved more frequently by states that joined the EU after 2004. Perhaps, it is
related both with the catch-up effect with developed states and the EU's financial aid
and the need to account in detail for the effects of the investments undertaken.
Between 2012 and 2013, Hungary was the most efficient state, whereas between 2014
and 2019, it was Malta. This suggests that these states can generate more economic
benefits from their outlays than developed states with enormous innovative potential.

The total average NIS productivity increase was observed only in two periods between
2012 and 2013 and between 2015 and 2016, a decrease in three periods, and no change
in one period. The catch-up effect had a positive effect on the M1 more frequently than
the frontier effect. As many as 15 states increased their average productivity between
2012 and 2019. The increase in the average productivity of individual states was
mainly caused by the increase in their efficiency (catch-up effect). The results
obtained in this research seem to confirm the correlation observed by Mastromarco
and Simar (2021) between changes in inefficiency and the state's absorptive capability
while studying human capital, which can also be referred to as the innovation system.

It is known that human capital is an essential factor in the innovation system. The
authors, Mastromarco and Simar (2021), indicate that 'absorptive capability' plays a
vital role in accelerating the technological catch-up (increase in the efficiency) but not
on the technological changes (shifts in the frontier). This result seems to confirm the
theoretical hypothesis that countries benefit from new technology (technological
catch-up) only when they can exploit it, hence only when they have a high level of
absorptive capability. States of the so-called "new Union™ show high absorptive
capability and try to catch up with developed states, and hence, they obtain higher
results than other states more frequently.

Future research shall address analyzing the efficiency of the innovation system in the
broader outlook, taking into account both the results of the Gll and the Sustainable
Development Goals or Eco-Innovation index EU (Pakulska, 2021). Another exciting
area may be to evaluate the innovation activity of individual states separately, on the
one hand, and on the other, the measurable economic benefits obtained from R&D
activities. It may turn out that some states are very active and generate innovations but
cannot or do not know how to convert them into economic benefits.

This, in turn, may testify to the low quality of these innovations or enterprises showing
no interest in these solutions. In the future, carrying out a multi-level study (RIS,
Sectoral Innovation Systems — SSI, NIS, Transnational Innovation systems — TIS, and
Global Innovation System — GIS) would also be needed. They will allow capturing
the network of connections and dependencies amongst various industries and entities
that operate in the innovation system's framework. The approach suggested will
extend the research conducted so far, for example, by Carayannis, Grigoroudis, and
Goletsis (2016), who used a two-stage model to measure the efficiency of RIS and
NIS.


http://mostwiedzy.pl

A\ MOST

The Efficiency and Productivity Evaluation of National Innovation Systems in Europe

488

References:

Abodunrin, O., Oloye, G., Adesola, B. 2020. Coronavirus pandemic and its implication on global
economy. International Journal of Arts, Languages and Business Studies, 4, 3-23.

Afzal, M.N.I. 2014. An empirical investigation of the National Innovation System (NIS) using
Data Envelopment Analysis (DEA) and the TOBIT model. International Review of
Applied Economics, 28(4), 507-523. DOI: 10.1080/02692171.2014.896880.

Bak, I., Cheba, K., Lacka, I. 2020. Sustainable Development and Innovations. How They Work
Together? European Research Studies Journal, 23(3), 93-113. DOI:
10.35808/ersj/1627.

Banker, R.D., Charnes, A., Cooper, W.W. 1984. Some Models for Estimating Technical and
Scale Inefficiencies in Data Envelopment Analysis. Management Science, 30, 1078-
1092. DOI: 10.1287/mnsc.30.9.1078.

Barbero, J., Zabala-Iturriagagoitia, J.M., Zofio, J.L. 2021. Is more always better? On the relevance
of decreasing returns to scale on innovation. Technovation, 107, 102314. DOI:
10.1016/j.technovation.2021.102314.

Carayannis, E.G., Barth, T.D., Campbell, D.F. 2012. The Quintuple Helix innovation model:
global warming as a challenge and driver for innovation. Journal of Innovation and
Entrepreneurship, 1(2), 1-12. DOI: 10.1186/2192-5372-1-2.

Carayannis, E.G., Campbell, D.F.J. 2009. ‘Mode 3’ and ‘Quadruple Helix’: Toward a 21% century
fractal innovation ecosystem. International Journal of Technology Management,
46(3/4), 201-234. DOI: 10.1504/1JTM.2009.023374.

Carayannis, E.G., Campbell, D.F.J. 2010. Triple Helix, Quadruple Helix and Quintuple Helix and
how do knowledge, innovation and the environment relate to each other? A proposed
framework for a trans-disciplinary analysis of sustainable development and social
ecology. International Journal of Social Ecology and Sustainability Development,
1(1), 41-69. DOI: 10.4018/jsesd.2010010105.

Carayannis, E.G., Campbell, D.F.J. 2014. Developed democracies versus emerging autocracies:
arts, democracy, and innovation in Quadruple Helix innovation system. Journal of
Innovation Entrepreneurship, 3(1), 12. DOI: 10.1186/s13731-014-0012-2.

Carayannis, E.G., Grigoroudis, E., Goletsis, Y. 2016. A multilevel and multistage efficiency
evaluation of innovation systems: A multiobjective DEA approach. Expert Systems
with Applications, 62, 63-80. DOI: 10.1016/j.eswa.2016.06.017.

Carvalho, N., Carvalho, L., Nunes, S. 2015. A methodology to measure innovation in European
Union through the national innovation system. International Journal of Innovation and
Regional Development, 6(2), 159-180. DOI: 10.1504/1JIRD.2015.069703.

Castellacci, F., Nater, J.M. 2013. The dynamics of national innovation systems: A panel
cointegration analysis of the coevolution between innovative capability and absorptive
capacity. Research Policy, 42(3), 579-594. DOI: 10.1016/j.respol.2012.10.006.

Caves, D.W., Christensen, L.R., Diewert, W.E. 1982. The economic theory of index humbers and
the measurement of input, output, and productivity. Econometrica, 50, 1393-1414.
DOI: 10.2307/1913388.

Charnes, A., Cooper, W.W., Rhodes, E. 1978. Measuring the Efficiency of Decision Making
Units. European Journal of Operational Research, 2(6), 429-444. DOI: 10.1016/0377-
2217(78)90138-8.

Cooper, W.W., Seiford, L.M., Tone, K. 2007. Data Envelopment Analysis: A Comprehensive
Text with Models, Applications, References and DEA-Solver Software. 2" ed. New
York, Springer.


http://mostwiedzy.pl

A\ MOST

Irena Lgcka, Lukasz Brzezicki

489

Cornell University, INSEAD, WIPO. 2020. The Global Innovation Index 2020: Who Will
Finance Innovation? Ithaca, Fontainebleau, Geneva.

Edquist, C., Zabala-Iturriagagoitia, J.M., Barbero, J., Zofio, J.L., 2018. On the meaning of
innovation performance: is the synthetic indicator of the Innovation Union Scoreboard
flawed? Research Evaluation, 27(3), 196-211. DOI: 10.1093/reseval/rvy011.

European Commission. 2019. The European Green Deal. Retrieved from: https://eur-
lex.europa.eu/legal-content/
EN/TXT/?qid=1588580774040&uri=CELEX:52019DC0640/.

European Commission. 2010. Europe 2020. A strategy for smart, sustainable and inclusive
growth. Retrieved from: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52010DC2020&from =EN/.

European Union. 2020. European Innovation Scoreboard 2020. Luxembourg.

Fare, R., Grosskopf, S., Lindgren, B., Roos, P. 1992. Productivity change in Swedish pharmacies
1980-1989: A nonparametric Malmquist approach. Journal of Productivity Analysis,
3, 85-102. DOI: 10.1007/BF00158770.

Fére, R., Grosskopf, S., Lindgren, B., Roos, P. 1994. Productivity Developments in Swedish
Hospitals: A Malmquist Output Index Approach. In: Charnes, A., Cooper, W.W.,
Lewin, A.Y., Seiford, L.M. (Eds). Data Envelopment Analysis: Theory, Methodology
and Applications, Dordrecht, Springer, 253-272.

Freeman, C. 1987. Technology and economic performance: Lesson from Japan. London: Pinter
Publisher.

George, G., Lakhami, K.R., Puranam, Ph. 2020. What has changed? The Impact of Covid
Pandemic on the Technologic and Innovation Management Research Agenda. Journal
of Management Studies, 57(8), 1754-1758. DOI: 10.1111/joms.12634.

Gern, K.J., Hauber, P. 2020. Business cycle highlight: Coronavirus keeps the global economy in
suspense. Wirtschaftsdienst, 100(3), 223-224. DOI: 10.1007/s10273-020-2607-5.

Griffith, R., Redding, S., Van Reenen, J. 2004. Mapping the Two Faces of R&D: Productivity
Growth in a Panel of OECD Industries. The Review of Economics and Statistics,
86(4), 883-895. DOI: 10.1162/0034653043125194.

Guan, J., Chen, K. 2012. Modeling the relative efficiency of national innovation systems.
Research Policy, 41(1), 102-115. DOI: 10.1016/j.respol.2011.07.001.

Jurickova, E., Pilik, M., Kwarteng, M.A. 2019. Efficiency measurement of National Innovation
Systems of the European Union countries: DEA Model Application. Journal of
International Studies, 12(4), 286-299. DOI: 10.14254/2071-8330.2019/12-4/19.

Karadayi, M.A., Ekinci, Y. 2019. Evaluating R&D performance of EU countries using categorical
DEA. Technology Analysis & Strategic Management, 31(2), 227-238. DOI:
10.1080/09537325.2018.1493191.

Karahan, O. 2017. The Relationship between national innovative capability and performance in
Europe. Journal of Business, Economics and Finance, 6(1), 53-30. DOI:
10.17261/Pressacademia.2017.385.

Kim, E.S., Bae, K.J., Byun, J. 2020. The History and Evolution: A Big Data Analysis of the
National Innovation Systems in South Korea. Sustainability, 12(3), 1266. DOI:
10.3390/s5u12031266.

Kim, Y., Park, S., Kwon, K.-S. 2020. Forecasting the Environmental Change of Technological
Innovation System in South Korea in the COVID-19 Era. Asian Journal of Innovation
and Policy, 9(2), 133-144. DOI: 10.7545/ajip.2020.9.2.133.

Kontolaimou, A., Giotopoulos, I., Tsakanikas, A. 2016. A typology of European countries based
on innovation efficiency and technology gaps: The role of early-stage


https://ideas.repec.org/a/tpr/restat/v86y2004i4p883-895.html
https://ideas.repec.org/a/tpr/restat/v86y2004i4p883-895.html
https://ideas.repec.org/s/tpr/restat.html
http://mostwiedzy.pl

A\ MOST

The Efficiency and Productivity Evaluation of National Innovation Systems in Europe

490

entrepreneurship. Economic Modelling, 52, 477-484. DOI:
10.1016/j.econmod.2015.09.028.

Leydesdorff, L. 2012. The Triple Helix, Quadruple Helix ..., and an N-tuple of Helices:
Explanatory Models for Analyzing the Knowledge—based Economy? Journal of
Knowledge Economy, 3(1), 25-35. DOI: 10.1007/s13132-011-0049-4.

Lu, W.-M., Kweh, Q.L., Huang, C.-L. 2014. Intellectual capital and national innovation systems
performance. Knowledge-Based Systems, 71, 201-210. DOI:
10.1016/j.knosys.2014.08.001.

Lundvall, B.-A. (Ed.). 1992. National Systems of Innovation: Towards a Theory of Innovation
and Interactive Learning. London: Pinter Publishers.

Lundvall, B.-A. 1985. Product Innovation and User-Producer Interaction. Industrial Development
Research Series No. 31. Aalborg: Aalborg University Press.

Lundvall, B.-A. 1988. Innovation as an Interactive Process: From User Producer Interaction to
National systems of Innovation. In: Dosi, G., Freeman, C., Nelson, R., Silverberg, G.,
Soete, L. (Eds.). Technical Change and Economic theory, London-New York: Pinter
Publishers, 349-370.

Lundvall, B.-A. 2007. National Innovation Systems - Analytical Concept and Development Tool.
Industry and Innovation, 14(1), 95-119. DOI: 10.1080/13662710601130863.

Lundvall, B.-A., Vang, J., Joseph, K.J., Chaminade, C. 2009. Innovation system research and
developing countries. In: Lundvall B.-A., Joseph K.J., Chaminade C., Vang J. (Eds).
Handbook of innovation systems and developing countries: Building domestic
capabilities in a global setting, Northampton, MA, Edward Elgar, 1-32.

Mastromarco, C., Simar, L. 2021. Latent heterogeneity to evaluate the effect of human capital on
world technology frontier. Journal of Productivity Analysis, 55, 71-89. DOI.
10.1007/s11123-021-00597-x.

Nelson, R.R., Rosenberg, N. 1993. Technical Innovation and National Systems. In: Nelson, R.R.,
editors. National Innovation Systems: A Comparative Analysis, Oxford: Oxford
University Press, p. 3-21.

Pakulska, J. 2021. The Eco-Innovation versus Economic Development on the EU Example.
European Research Studies Journal, 24(1), 999-1008. DOI: 10.35808/ersj/2007.

Pan, T.-W., Hung, S.-W., Lu, W.-M. 2010. DEA performance measurement of the national
innovation system in Asia and Europe. Asia-Pacific Journal of Operational Research,
27(3), 369-392. DOI: 10.1142/S0217595910002752.

Patel, P., Pavitt, K. 1994. The nature and economic importance of national innovations systems.
STI Review, 14, 9-32.

Reinhart, C., Reinhart, V. 2020. The Pandemic Depression. The Global Economy Will Never Be
the Same. Foreign Affairs, 99(5). September/October.

Simar, L., Wilson, P.W. 2007. Estimation and inference in two-stage, semi-parametric models of
production processes. Journal of Econometrics, 136(1), 31-64. DOI:
10.1016/j.jeconom.2005.07.009.

Tone, K. 2001. A slacks-based measure of efficiency in data envelopment analysis. European
Journal of Operational Research, 130, 498-509. DOI: 10.1016/S0377-2217(99)00407-
5.

Tone, K. 2002. A slacks-based measure of super-efficiency in data envelopment analysis.
European Journal of Operational Research, 143, 32-41. DOI: 10.1016/S0377-
2217(01)00324-1.

Tone, K. 2004. Malmquist productivity index: efficiency change over time. In: Cooper, W.W.,
Seiford, L.M., Zhu, J. (Eds). Handbook on data envelopment analysis. Boston,
Kluwer Academic Publishers, 203-227.


http://mostwiedzy.pl

A\ MOST

Irena Lgcka, Lukasz Brzezicki

491

Tone, K. 2017a. Non-radial DEA models. In: Tone, K. (Ed). Advances in DEA theory and
applications: with extensions to forecasting models. Hoboken, John Wiley & Sons,
11-19. DOI: 10.1002/9781118946688.ch2.

Tone, K. 2017b. Super-Efficiency DEA Models. In: Tone., K. (Eds). Advances in DEA theory
and applications: with extensions to forecasting models. Hoboken, John Wiley &
Sons, 28-32. DOI: 10.1002/9781118946688.ch4.

UNDRP. 2017. Spark, Scale, Sustainable Innovation for the Sustainable Goals. Retrieved from:
https://www.undp.org/content/undp/en/home/librarypage/development-impact/spark-
_-scale-_-sustain---2016-year-in-review.html.

United Nations. 2015. Transforming our World: the Agenda 2030 for Sustainable Development.
Retrieved from:
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E/.

Watkins, A., Papaioannou, T., Mugwagwa, J., Kale, D. 2015. National innovation systems and the
intermediary role of industry associations in building institutional capacities for
innovation in developing countries: A critical review of the literature. Research
Policy, 44(8), 1407-1418. DOI: 10.1016/j.respol.2015.05.004.

Zabala-Iturriagagoitia, J.M., Aparicio, J., Ortiz, L., Carayannis, E.G., Grigoroudis, E. 2020. The
productivity of national innovation systems in Europe: Catching up or falling behind?
Technovation, 102215. DOI: 10.1016/j.technovation.2020.102215.

Appendix
Table Al. Statistics of inputs and outputs in 2012-2019
Year | Statistics X1 X2 X3 Xa X5 X6 X7 Xs V1 y2
Max 0.80 | 0.81 | 0.78 | 0.77 | 0.78 | 093 | 0.73 | 0.82 | 0.76 | 0.80
2012 |-Min 0.16 | 0.03 [ 0.07 [ 0.10 | 0.15 | 0.12 | 0.10 | 0.12 | 0.21 | 0.5
Average | 042 | 037 | 033 | 041 | 043 | 052 | 043 | 0.44 | 045 | 0.50
) 0.18 | 0.23 | 0.19 | 0.20 | 0.15 | 0.23 | 0.19 | 0.19 | 0.16 | 0.16
Max 0.80 | 0.78 | 0.78 | 0.72 | 0.76 | 0.93 | 0.73 | 0.83 | 0.76 | 0.80
2013 |-Min 0.16 | 0.04 [ 0.07 [ 014 | 045 | 012 | 0.12 | 0.16 | 0.21 | 0.14
Average | 042 | 038 | 0.33 | 041 | 043 | 052 | 0.43 | 0.46 | 045 | 0.50
SD 0.18 | 0.23 | 0.19 | 0.19 | 0.15 | 0.23 | 0.19 | 0.19 | 0.16 | 0.16
Max 0.80 | 0.84 | 0.80 | 0.69 | 0.77 | 0.78 | 0.72 | 0.83 | 0.76 | 0.75
2014 |-Min 0.17 | 0.06 | 0.04 | 0.16 | 0.26 | 0.08 | 0.13 | 0.19 | 0.22 | 0.15
Average | 042 | 040 | 033 | 041 | 044 | 048 | 042 | 0.47 | 0.46 | 0.49
) 0.18 | 0.24 [ 020 [ 017 [ 0.15 | 0.21 | 0.19 | 0.19 | 0.16 | 0.17
Max 0.80 | 0.89 | 0.82 | 0.79 | 0.77 | 0.78 | 0.74 | 082 | 081 | 0.75
2015 |-Min 0.17 | 0.07 [ 0.08 | 0.11 | 0.21 | 0.08 | 0.12 | 0.19 | 0.24 | 0.15
Average | 042 | 040 | 034 | 042 | 045 | 048 | 042 | 0.47 | 0.47 | 0.50
SD 0.18 | 0.24 [ 019 [ 0.18 [ 0.14 [ 0.21 | 0.19 | 0.18 | 0.16 | 0.17
Max 081 | 0.84 | 088 | 0.84 | 0.75 | 0.84 | 0.73 | 0.83 | 0.90 | 0.88
2016 |Min 0.19 | 0.08 | 0.09 | 0.12 | 0.22 | 0.04 | 0.10 | 0.19 | 0.23 | 0.17
Average | 043 | 041 | 037 | 044 | 0.44 | 0.47 | 0.43 | 0.47 | 0.46 | 0.51
SD 0.18 | 023 [ 019 [ 0.19 [ 0.15 | 023 | 0.20 | 0.19 | 0.17 | 0.8
Max 0.81 | 0.89 | 1.00 | 0.81 | 0.76 | 0.84 | 0.76 | 0.78 | 0.80 | 0.86
2017 |-Min 049 | 0.09 [ 042 | 011 | 0.20 | 0.04 | 0.10 | 0.18 | 0.16 | 0.18
Average | 044 | 043 | 043 | 043 | 044 | 047 | 043 | 0.47 | 0.46 | 0.50
SD 0.18 | 023 | 021 | 020 | 0.15 | 0.23 | 0.19 | 0.18 | 0.15 | 0.18
2018 |-Max 079 | 092 [ 1.00 [ 0.79 [ 0.79 | 092 | 0.78 | 0.81 | 0.89 | 0.84
Min 019 | 0.09 | 014 | 0.09 | 0.21 | 008 | 0.09 | 019 | 0.19 | 0.23



https://www.undp.org/content/undp/en/home/librarypage/development-impact/spark-_-scale-_-sustain---2016-year-in-review.html
https://www.undp.org/content/undp/en/home/librarypage/development-impact/spark-_-scale-_-sustain---2016-year-in-review.html
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Average | 046 | 045 | 047 | 044 | 047 | 053 | 044 | 0.46 | 049 | 0.52
SD 0.18 | 024 | 021 | 0.21 | 0.14 | 024 | 0.20 | 0.18 | 0.16 | 0.15
Max 079 | 088 | 1.00 | 0.83 | 0.81 | 092 | 0.81 | 0.75 | 0.89 | 0.84
2019 Min 019 | 011 | 022 | 0.07 | 0.23 | 0.08 | 0.07 | 0.17 | 0.25 | 0.25
Average | 0.46 | 046 | 0.53 | 048 | 049 | 053 | 044 | 045 | 052 | 0.53
SD 0.18 | 023 | 022 | 0.21 | 013 | 024 | 0.20 | 0.17 | 0.17 | 0.15

Notes: SD — Standard deviation.

Source: Own study.

Table A2. The level of efficiency of the innovation system of individual countries

Country 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Mean
Austria 0.33 0.33 0.35 0.36 0.37 0.38 0.42 0.41 0.37
Belgium 0.35 0.35 0.38 0.41 0.39 0.42 0.47 0.50 0.41
Bulgaria 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cyprus 1.00 1.00 1.00 1.00 1.00 0.72 1.00 0.56 0.91
Czechia 0.81 0.83 0.79 0.77 0.68 0.77 0.83 0.89 0.79
Germany 0.70 0.69 0.60 0.60 0.58 0.65 0.64 0.64 0.64
Denmark 0.52 0.53 0.56 0.51 0.47 0.43 0.47 0.43 0.49
Estonia 0.35 0.38 0.35 0.44 0.60 0.57 0.40 0.38 0.43
Greece 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.55 0.94
Spain 0.62 0.66 0.61 0.61 0.63 0.69 0.80 0.76 0.67
Finland 0.32 0.33 0.33 0.35 0.39 0.35 0.36 0.35 0.35
France 0.65 0.65 0.66 0.67 0.62 0.59 0.60 0.54 0.62
Croatia 1.00 0.81 1.00 0.75 0.65 0.63 0.61 0.58 0.76
Hungary 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ireland 1.00 1.00 0.86 0.82 1.00 1.00 1.00 1.00 0.96
Italy 1.00 1.00 1.00 0.78 0.77 0.73 0.79 0.73 0.85
Lithuania 0.49 0.55 0.65 0.39 0.54 0.34 0.43 0.47 0.48
Luxembourg 0.91 0.95 1.00 1.00 1.00 1.00 0.92 1.00 0.97
Latvia 1.00 1.00 0.72 0.63 1.00 1.00 0.92 0.65 0.87
Malta 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Netherlands 0.63 0.67 0.96 1.00 0.96 0.79 0.84 0.75 0.82
Poland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Portugal 0.48 0.48 0.52 0.50 0.49 0.54 0.51 0.49 0.50
Sweden 0.48 0.49 0.45 0.50 0.48 0.42 0.51 0.45 0.47
Slovenia 0.35 0.39 0.39 0.52 0.65 0.53 0.54 0.50 0.48
Slovakia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
United Kingdom | 0.61 0.64 0.93 0.91 0.84 0.75 0.78 0.69 0.77

Source: Own study.
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Table A3. Compare efficiency DEA score and ranking indicators in 2019
Gll Sll

Country Summary Outputs Inputs DEA Summary DEA (Our

GlI* index®* index®* 4 SI15* study)
Austria 50.1 39.1 61.2 0.6 0.60 0.41
Belgium 49.1 38.6 59.6 0.6 0.61 0.50
Bulgaria 40 34 46 0.7 0.23 1.00
Cyprus 45.7 38.2 53.2 0.7 0.45 0.56
Czechia 48.3 41.9 54.7 0.8 0.43 0.89
Germany 56.5 50.4 62.7 0.8 0.61 0.64
Denmark 57.5 48.3 66.8 0.7 0.68 0.43
Estonia 48.3 40.5 56.1 0.7 0.50 0.38
Greece 36.8 255 48 0.5 0.39 0.55
Spain 45.6 36.3 54.9 0.7 0.43 0.76
Finland 57 48.5 65.6 0.7 0.71 0.35
France 53.7 45.9 61.4 0.7 0.53 0.54
Croatia 37.3 28.2 46.3 0.6 0.30 0.58
Hungary 415 33.8 49.3 0.7 0.34 1.00
Ireland 53 46.4 59.7 0.8 0.57 1.00
Italy 45.7 39.1 52.4 0.7 0.42 0.73
Lithuania 39.2 29 49.4 0.6 0.40 0.47
Luxembourg 50.8 44.4 57.2 0.8 0.64 1.00
Latvia 41.1 32.6 49.6 0.7 0.32 0.65
Malta 46.4 40.1 52.6 0.8 0.43 1.00
Netherlands 58.8 53.1 64.5 0.8 0.65 0.75
Poland 40 30.8 49.1 0.6 0.30 1.00
Portugal 435 345 52.5 0.7 0.49 0.49
Sweden 62.5 55.7 69.2 0.8 0.71 0.45
Slovenia 42.9 31.7 54.1 0.6 0.43 0.50
Slovakia 39.7 32.9 46.5 0.7 0.34 1.00
United 59.8 53.6 66 0.8 0.61 0.69
Kingdom
Mean 47.81 39.74 55.87 0.70 0.49 0.68

Note: 1* - The overall Gll score is the simple average of the Input and Output Sub-Index scores.
Z* . The Innovation Output Sub-Index provides information about outputs that are the results
of innovative activities within the economy. There are two output pillars: (6) Knowledge and
technology outputs and (7) Creative outputs. ** - The Innovation Input Sub-Index is comprised
of five input pillars that capture elements of the national economy that enable innovative
activities: (1) Institutions, (2) Human capital and research, (3) Infrastructure, (4) Market
sophistication, and (5) Business sophistication. #* - The Innovation Efficiency Ratio DEA is
the ratio of the Output Sub-Index score over the Input Sub-Index score. It shows how much
innovation output a given country is getting for its inputs. 5* - The overall performance of each
country’s innovation system has been summarised in a composite indicator, the Summary
Innovation Index. For each year, a composite Summary Innovation Index is calculated as the
unweighted average of the rescaled scores for all indicators where all indicators receive the
same weight (1/27 if data are available for all 27 indicators). Performance scores relative to
the EU are then calculated as the Sl of the respective country divided by the SlI of the EU
multiplied by 100.

Source: Own research base on: Cornell University, INSEAD, WIPO, 2020, European Union,
2020 and our study.
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Table A4. Super-efficiency

DMU 2012 2013 2014 2015 2016 2017 2018 2019
Austria 0.33 0.33 0.35 0.36 0.37 0.38 0.42 0.41
Belgium 0.35 0.35 0.38 0.41 0.39 0.42 0.47 0.50
Bulgaria 1.18 1.16 1.25 1.24 1.20 1.22 1.26 1.27
Cyprus 1.17 1.17 1.21 1.20 1.09 0.72 1.15 0.56
Czechia 0.81 0.83 0.79 0.77 0.68 0.77 0.83 0.89
Germany 0.70 0.69 0.60 0.60 0.58 0.65 0.64 0.64
Denmark 0.52 0.53 0.56 0.51 0.47 0.43 0.47 0.43
Estonia 0.35 0.38 0.35 0.44 0.60 0.57 0.40 0.38
Greece 1.12 1.11 1.11 1.26 1.21 1.17 1.11 0.55
Spain 0.62 0.66 0.61 0.61 0.63 0.69 0.80 0.76
Finland 0.32 0.33 0.33 0.35 0.39 0.35 0.36 0.35
France 0.65 0.65 0.66 0.67 0.62 0.59 0.60 0.54
Croatia 1.02 0.81 1.19 0.75 0.65 0.63 0.61 0.58
Hungary 141 1.39 1.24 1.26 1.42 1.44 1.35 1.37
Ireland 1.03 1.04 0.86 0.82 1.10 1.04 1.10 1.05
Italy 1.16 1.16 1.10 0.78 0.77 0.73 0.79 0.73
Lithuania 0.49 0.55 0.65 0.39 0.54 0.34 0.43 0.47
Luxembourg 0.91 0.95 1.14 111 1.00 1.03 0.92 1.06
Latvia 111 1.07 0.72 0.63 1.03 1.07 0.92 0.65
Malta 1.41 1.38 1.42 1.39 1.59 1.52 1.58 1.64
Netherlands 0.63 0.67 0.96 1.02 0.96 0.79 0.84 0.75
Poland 1.24 1.26 1.27 1.19 1.36 1.34 1.30 131
Portugal 0.48 0.48 0.52 0.50 0.49 0.54 0.51 0.49
Sweden 0.48 0.49 0.45 0.50 0.48 0.42 0.51 0.45
Slovenia 0.35 0.39 0.39 0.52 0.65 0.53 0.54 0.50
Slovakia 1.29 1.31 1.39 1.24 1.15 1.28 1.35 1.43
United Kingdom 0.61 0.64 0.93 0.91 0.84 0.75 0.78 0.69
Source: Own research.
Table A5. Malmquist index
Country 2012- 2013- 2014- 2015- 2016- 2017- 2018- Mea
2013 2014 2015 2016 2017 2018 2019 n
Austria 0.99 0.95 1.02 0.90 0.93 1.05 1.02 0.98
Belgium 0.97 0.97 1.04 0.92 0.97 1.05 1.07 1.00
Bulgaria 1.01 1.06 1.04 1.02 0.99 1.05 1.04 1.03
Cyprus 1.26 1.07 0.96 0.88 0.94 1.43 0.57 0.98
Czechia 1.02 1.01 1.01 0.75 117 0.98 1.10 1.00
Germany 1.00 0.91 0.96 0.84 0.96 0.89 1.00 0.93
Denmark 1.00 0.97 0.90 0.92 0.99 0.97 0.99 0.96
Estonia 1.07 0.93 1.22 1.46 1.01 0.61 1.00 1.02
Greece 0.98 0.97 1.16 0.86 0.85 0.91 0.50 0.87
Spain 1.04 0.89 0.98 0.98 1.02 1.13 1.01 1.01
Finland 1.02 1.01 1.04 1.10 0.96 0.95 1.03 1.02
France 0.99 1.01 0.99 0.93 1.04 0.88 0.91 0.96
Croatia 0.95 1.30 0.59 0.81 0.88 0.97 0.96 0.90
Hungary 0.97 0.81 1.01 1.23 1.02 0.73 1.05 0.96
Ireland 1.00 0.91 1.05 1.18 0.93 1.06 1.00 1.01
Italy 0.97 0.96 0.74 0.85 0.82 114 0.95 0.91
Lithuania 1.18 0.77 0.58 1.19 0.65 117 1.05 0.91
Luxembourg 1.03 1.15 0.99 0.85 1.04 0.88 1.19 1.01
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Latvia 0.95 0.56 0.84 1.44 1.14 0.87 074 |0.90
Malta 0.87 1.05 113 1.39 0.58 122 115 | 102
Netherlands 1.00 1.35 1.05 0.89 0.90 0.95 095 | 1.00
Poland 0.98 1.07 0.81 1.46 1.04 0.73 099 | 0.99
Portugal 1.00 1.02 112 0.89 1.06 0.99 105 | 102
Sweden 1.02 0.90 1.09 0.91 0.94 115 094 | 0.99
Slovenia 1.03 1.10 1.09 1.14 1.32 1.09 108 | 112
Slovakia 0.97 1.03 0.84 0.86 127 1.04 115 | 101
United 0.98 131 0.96 0.90 0.92 1.01 096 | 1.00
Kingdom

Source: Own research.

Table A6. Catch-up effect
Country 2012- 2013- 2014- 2015- 2016- 2017- | 2018-

2013 2014 2015 2016 2017 2018 2019 | Mean

Austria 1.00 1.07 1.04 1,01 1.03 1.09 100 | 1.03
Belgium 0.98 111 1.05 0.97 1.06 112 107 | 1.05
Bulgaria 1.00 1.06 1.04 1.04 0.96 1.08 099 | 102
Cyprus 1.03 1.04 1.03 0.94 0.69 1.42 056 | 092
Czechia 1.06 1.01 1.05 0.74 1.14 1.07 107 | 101
Germany 0.96 0.86 1.02 0.98 1.09 0.99 100 | 098
Denmark 1.01 1.06 0.92 0.92 0.92 1.08 092 | 097
Estonia 1.08 0.93 1.25 1.46 0.89 0.70 096 | 101
Greece 1.01 0.97 1.25 0.94 0.95 0.92 049 | 091
Spain 1.03 0.93 1.14 0.98 1.02 1.20 093 | 1.03
Finland 1.04 1.00 1.06 111 0.90 1.04 097 | 102
France 0.96 1.01 1.02 0.93 111 0.87 089 | 097
Croatia 0.94 131 0.61 0.87 0.97 0.97 094 | 092
Hungary 0.97 0.80 1.03 1.29 1.02 0.86 103 | 099
Ireland 1.01 0.84 0.95 1.36 0.94 1.07 093 | 1.00
Italy 0.97 0.95 0.75 0.99 0.98 1.04 093 | 094
Lithuania 1.09 1.20 0.59 141 0.62 125 110 | 0.99
Luxembourg 1.04 122 0.97 0.89 1.03 0.91 114 | 1.02
Latvia 0.95 0.69 0.86 161 1.05 0.86 070 | 092
Malta 0.96 1.06 0.96 1.49 0.84 1.16 115 | 1.07
Netherlands 1.05 1.44 1.06 0.95 0.82 1.09 095 | 104
Poland 1.02 1.02 0.90 1.26 0.97 0.95 101 | 1.01
Portugal 1.00 1.06 0.98 0.97 111 0.95 095 | 1.00
Sweden 1.01 0.92 111 0.95 0.87 1.26 0.85 | 0.99
Slovenia 112 1.00 1.34 1.24 0.83 1.02 094 | 1.06
Slovakia 1.03 113 0.81 0.89 1.18 111 114 | 1.03
United 1.04 1.46 0.99 0.92 0.88 1.05 088 | 1.02
Kingdom

Source: Own study.
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Table A7. Frontier effect

Country 2012- | 2013- 2014- 2015- 2016- | 2017- 2018- | Mea

2013 2014 2015 2016 2017 2018 2019 n
Austria 0.98 0.89 0.98 0.89 0.90 0.96 102 | 095
Belgium 1.00 0.87 0.98 0.95 0.91 0.93 100 | 095
Bulgaria 1.01 0.99 1.01 0.98 1.03 0.98 105 | 101
Cyprus 121 1.03 0.94 0.94 135 1.01 103 | 106
Czechia 0.96 1.00 0.96 1.01 1.02 0.92 102 | 098
Germany 1.04 1.06 0.95 0.85 0.88 0.90 099 | 095
Denmark 0.99 0.92 0.98 1.00 1.08 0.89 107 | 099
Estonia 0.99 1.01 0.98 1.01 114 0.87 104 | 1.00
Greece 0.97 1.00 0.93 0.91 0.89 0.99 101 | 096
Spain 1.02 0.96 0.86 1.00 101 0.94 109 | 098
Finland 0.98 1.01 0.98 0.99 1.07 0.91 106 | 1.00
France 103 1.00 097 1.00 0.94 101 102 | 1.00
Croatia 101 0.99 0.96 0.93 091 1.00 102 | 097
Hungary 1.00 1.01 0.98 0.96 0.99 0.85 101 | 097
Ireland 1.00 1.08 110 0.87 0.99 0.99 107 | 101
Italy 1.00 1.01 0.99 0.85 0.83 1.10 102 | 097
Lithuania 1.08 0.64 0.98 0.84 1.05 0.94 096 | 092
Luxembourg 0.99 0.94 1.02 0.96 1.01 0.96 105 | 0.99
Latvia 0.99 0.82 0.98 0.89 1.08 1.02 106 | 097
Malta 0.90 0.99 117 0.93 0.69 1.06 101 | 095
Netherlands 0.95 0.94 0.99 0.94 1.10 0.87 100 | 097
Poland 0.96 104 0.90 115 1.08 0.77 099 | 098
Portugal 0.99 0.96 115 0.92 0.96 1.04 111 | 101
Sweden 1.01 0.98 0.98 0.96 1.08 0.92 110 | 1.00
Slovenia 0.92 110 0.82 0.93 159 1.07 114 | 106
Slovakia 0.95 091 1.03 0.96 1.08 0.94 101 | 098
United 0.95 0.89 0.97 0.98 1.04 0.96 1090 |098
Kingdom

Source: Own study.
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