
Innovation Environment
in Europe—Efficiency Analysis Case
Study

Viktor Prokop, Jan Stejskal, Petr Hájek, and Michaela Kotková Stříteská

Abstract Nowadays, measuring efficiency within countries’ innovation environ-
ment seems to be incremental in the process of gaining competitive advantage.
Therefore, this study is aimed to evaluate efficiency in patent creation within EU28
countries. We are using specialized tool for assessing the effectiveness, performance
and productivity of comparable production units Data Envelopment Analysis and
data from Eurostat. Moreover, we are analyzing countries’ efficiency according to
their innovation performance measured by European Commissions’ European Inno-
vation Scoreboard 2017. Results show that only 5 out of the 28 European countries
are effectively using basic attributes of Innovation Environment (investment in sci-
ence and research; human resources in science and technology; cooperation with
external research and development firms). All of these countries belong to the group
of Innovation Leaders. We also propose practical implications (for each country)
on how to improve and how to change their inputs and outputs to become (more)
efficient and provide information about countries that could be benchmark for less
efficient countries.
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1 Introduction

There are dynamic changes in each country’s economy and society. These are the
unintended changes that are the result of the development of society and its glob-
alization in the world. But it is also about the intended changes that are the result
of applied public policies. For many years, developed countries have supported the
expansion of knowledge and technological progress (innovation is the result), which
are perceived as the basic engine of economic development [16]. Some authors have
been tantalizing for diffusion, which, in their views, is a major determinant of the
economic or social impact of innovation [6, 54].

A plethora of studies has confirmed the importance of innovation. Many other
scholars have also addressed the environment in which innovation is emerging. The
subject of the study was both efficiency and research of determinants that make up
an innovative background or environment. These determinants become an important
part of the production functions, which in a modern concept contain not only basic
production factors but also knowledge variables or other soft variables [33].

Many studies (for example Drucker [19]; Rao [46]; Vila [53]; Andersson [4];
Meissner [36] and others); also analyze the activity and role of different subjects
in this innovation environment. The familiar concept of triple-helix [21] and also
the well-known endogenous growth models [12] show that public sector (state)
and public subjects are currently one of the important players in the innovation
environment.

It is becoming increasingly important to explore the innovation environment,
its determinants and the roles of individual significant regional actors [39]. The
knowledge about processes,mutual relations and relations, but alsoways of financing
or other public support can help us to define the suitable conditions of the efficiency
of this innovative structures [2]. Particularly important is the transfer of knowledge
from various advanced environments, where more advanced economic systems can
be perceived as an important benchmark for less advanced countries (or those where
some of the important elements of the environment fail or are not yet created).

This chapter is organized as follows. First, theoretical background is provided
on the determinants of the innovation environment. Second, research methodology
and underlying data are described. The next section provides the results of your own
DEA models. The final section concludes this chapter and discusses the results and
political implications.

2 Theoretical Background

As mentioned above, the innovation environment is dependent on the creation and
diffusion of new knowledge [35]. Many studies have shown that knowledge gener-
ation is influenced by a number of determinants [23]. They are primarily regional
variables, creativity, innovation, but also openness, freedom, etc. In more detail, it
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has been found that the determinants of innovation need to be sought both in the
microeconomic and macroeconomic environment of an innovative enterprise.

So many scientists have attempted to analyze the effectiveness of the innovation
environment (in the region context) and regional innovation efficiency [39], aswell as
the performances of enterprises depending on the quality of the innovation environ-
ment (or selected determinants; [55]). They all agreed that it is necessary to perceive
innovation in the context of the environment, to examine their effectiveness through
the innovation approach system [1]. This is confirmed by the expanded concept of
open innovation or open business models [49]. Nowadays, we can also capture tran-
sition from business ecosystem to innovation ecosystem that could be defined with
different meanings and purposes (e.g. digital innovation ecosystem, hub ecosystems,
open innovation ecosystem, platform-based ecosystem etc.) and which is understood
as a set for the co-creation, or the jointly creation of value and innovation [17]. From
these arguments there is a clear importance of innovation environment because of
creating an open innovation environment that disclosure knowledge from the orga-
nizational to the inter-organizational level and opening up for external sources of
knowledge flowing from the inter-organizational level to organizational level [45].
It allows environment and ecosystem stakeholders to assure the learning processes
of the entire system.

For any efficiency analysis, as well as for the effectiveness of innovations or
attributes of an innovative environment, we need to use the measurable indicators.
Many studies (for example Hsu [30]; Ren [47] or Kim [32]) use innovation per-
formance indicators such as patents, utility models, and sometimes revenue from
innovative production. However, there are a number of critics, who do not perceive,
for example, patent applications as sufficiently significant [9]. In practice, innovation
takes place without their patenting, thanks to time considerations, financial demands
and high dynamics in innovative change. Therefore, other ways to analyze innovative
processes without these simplified indicators are being sought. Some comewith their
own indices, such as Innovation efficiency index by Guan and Chen [25].

In practice, qualitative studies based on empirical data are often used. They look
for dependencies among the different variables that occur in the innovation environ-
ment and explore their impact on innovation performance. Similarly, these studies
may only focus on selected industries or are suitable for macroeconomic studies
[47]. Important frameworks for these researches are innovation systems, which in
the regions represent the basis on which innovation activities are carried out between
different actors. These are primarily regional innovation systems [11], sector inno-
vation systems, or different types of innovation environment (milieu). These bases
also allow you to analyze variables such as collaboration, the emergence and transfer
of tacit knowledge or creativity [13, 52].

The core attributes of each innovation environment (see Fig. 1) operating
altogether are:
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R&D Investment

Human Resources in 
Science&Technology

Cooperation with external 
R&D firms

Innovation Environment

Fig. 1 Core attributes of innovation environment

• investments in science and research (including both private and public resources)
for the acquisition of basic hard and soft infrastructure. There exists spatial depen-
dence of R&D investments and efficiency while the regions with high efficiency
of their R&D have spillover effect on the surrounding areas [29];

• HRST (human resources in science and technology)—internal knowledge
resources—human capital, the holder of tacit and codified knowledge, innovation,
creativity, etc. Innovation human resources represent the most dynamic resource
among entrepreneurial enterprises (specifically high-tech) and play a very cru-
cial role in the process of transforming innovation inputs into outputs within
innovation environments [37];

• cooperation with external research and development firms—i.e. external knowl-
edge sources) that could lead to higher innovation sales and more patents
[51] and to creation of collaborative environment that increases the effects of
abovementioned knowledge spillovers [26].

These attributes were also used in earlier publisher studies [10, 20, 28].
Even with these basic pillars of the innovation environment, it is possible to

assume that there is no harmonious development in each country evenly. There is an
innovation failure, a market failure, or a government failure to apply different public
support policies. Moreover, these failures may give rise to adverse behavioral and
relational consequences [34] and regularly endanger firms’ overall competiveness
(specifically in the case of new products and services failures [31]). Thus, macroeco-
nomic efficiency analyzes are lacking, pointing to the different efficiency of creating
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an innovative environment. Therefore, the aim of this chapter is to analyze the effec-
tiveness of the basic attributes of the innovation environment in the 28 countries of
the European Union.

In this research, we assume that there is a difference in efficiency in the cre-
ation of the innovation environment of individual countries. Similarly, we expect the
highest efficiency to be achieved by countries that are considered innovative leaders
according to the European Innovation Scoreboard.

3 Data and Research Method

For our analyses, we used parametric approach Data Envelopment Analysis (DEA)
which is commonly used as a model specialized tool for assessing the effectiveness,
performance and productivity of comparable production units (homogeneous units,
e.g. countries of EU 28) based on the size of inputs and outputs. These units convert
multiple inputs into outputs,meaning a set of units that produce the sameor equivalent
effects that are referred as the outputs of these units [41].

The principle ofDEAmodels is thatwhen evaluating the efficiency of a production
unit it maximizes its efficiency level, assuming that the efficiency rate of all other
DMUs cannot be higher than 1 (100%). The weights of all inputs and outputs must be
greater than zero so that all the considered characteristics in the model are included
(to see more [27]). The model can be built on the assumption of constant returns to
scale (one unit of input generates one unit of output), when all DMUs are operating
at optimal scale (CCR model). Rather unrealistic condition is solved by introducing
variable returns to scale (VRS) considering all types of returns: increasing, constant
or decreasing (BCC model).

For our cross-country analyses within the EU 28 countries, we used input-oriented
VRS model operating with variable returns to scale. As a data source, we are using
data from Eurostat databases. Number of researchers (e.g. Wang and Huang [54])
analyzed the optimal time delay between input and output variables. Griliches [24]
empirically proved that there is no time delay with significant impact on the results
of analyses. In this study, we are using 3 years’ time delay between inputs (2014) and
outputs (2017). Input and output variables are described below. In the next section,
we compare countries efficiency and distinguish selected countries according to their
innovation performance in 2017 measured by European Commission (Innovation
Leaders, Strong Innovators, Moderate Innovators, and Modest Innovators).

4 Results

In the following part (see Table 1), the results of input-oriented VRS DEA model
are shown for 28 European countries (Romania results are not displayed, there is
lack of data). European countries that efficiently used selected inputs (see previous
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part—the core attributes of each innovation environment) in the process of Patent
creation (output variable—Patent applications to the European Patent Office per
million inhabitants) reached the rate of effectiveness 1,000. Countries that did not
reach the rate of effectiveness 1,000 were not considered effective—less rate of
effectiveness means less efficiency of the country.

In total, 5 out of the 28 EU countries (18%) were effective. All of these countries
belong to the group of Innovation Leaders according to the European Commissions’
European Innovation Scoreboard 2017. Only Finland was not efficient within the
group of Innovation Leaders. On the other hand, countries that belong to the other
groups according to their innovation performance were not efficient. Lithuania was
evaluated as the least efficient country within analyzed EU 28 countries. Svagzdiene
and Kuklyte [50] state that Lithuania, in comparison with the other EU 28 countries,
payed minimum expenditure in the business sector and in the promotion of the
economic policy did not consider innovation progress in a key priority for the driven
agricultural sector and other industries.

The advantage of theDEAmodel is that it provides practical implications (for each
country) on how to improve and how to change inputs and outputs to become (more)
efficient [39]. Input-oriented models propose changes focusing primarily on input
variables (or even minor changes on the output side). Table 1 therefore shows both
original values (that each country reached) and adjusted values (provided by DEA)
that show how the input (output) variables should be reduced/increased. Moreover,
DEA also provide the information about countries that could be benchmark for
other inefficient countries. Germany was proposed as benchmark country for other
countries in 18 cases (66%). Germany represent the group of countries that are able
to develop their innovation potential and create sufficient innovation environment
and one of the global leaders in innovation and competitiveness, also in the context
of the knowledge economy [42–44].

The results unambiguously confirm that there are significant differences in the
innovation environment between innovation leaders and followers (in all categories).
Almost all countries regarded as innovative leaders achieve maximum efficiency in
creating a knowledge-based innovation environment. It is clear from the results that
these countries achieve the optimal values of the individual variables and, even after
the time delay, they have maximum efficiency. These results are in accordance e.g.
with Prajogo [39] which pointed that dynamic efficient innovation environments
strengthen the effect of innovation (specifically product innovation) on business per-
formance. The significant role of core attributes within business environments and
ecosystems (e.g. in terms of dynamism, innovation creation, growth and compet-
itiveness) is indisputable. We can therefore see that our selected inputs represent
contingency factors which affect the effectiveness of countries innovations (patent
creation) in delivering countries performance. Moreover, Blazsek and Escribano [7]
show that these countries (R&D and innovation leaders) have sustained future prof-
itability and earn significant future excess returns, while followers only earn average
returns. This could lead to the creation of dynamic (multiplier) spillover effectswhich
may ultimately affect also following countries (R&D and innovation followers).
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In the case of strong innovators, a lower level of effectiveness was found. In this
category, it is possible to perceive differences between original and adjusted values
and appropriate measures near the recommended benchmark. The result is that the
smallest differences between the actual and the recommended value are in the num-
ber of patents. On the other hand, at microeconomic level, Prokop and Stejskal [40]
show that firms from countries belonging to the group of strong innovators are able
to effectively utilize the various determinants of innovation activities (e.g. financ-
ing from the EU, cooperation with clients or customers, cooperation with public
research institutes, and expenditures in extramural R&D), to influence their innova-
tion turnover. Therefore, there is a need to identify positive benchmarks for these
countries (Germany and Netherlands) and follow these countries at macroeconomic
level.

The worst results were found in the moderate and modest innovators group. It
shows that there are almost three times less R&D expenditures in these countries.
Important is that there has been a high level of cooperation and large numbers of
HRSTs in these countries. However, given the results, it can be concluded that these
elements do not have the required quality. R&D staff can not produce outputs that
can be patented and do not represent significant global or at least European inno-
vation. Ponsiglione et al. [38] also stated that innovation environments with similar
industrial structures and characteristics can strongly differ from each other even in
terms of innovation and competitive performance while this gap is more evident in
the case of the so-called lagging regions (characterized bymoderate andmodest level
of innovativeness). These lagging regions lacked solid interactions, network coordi-
nation, competences and skills as well [3]. This is, in our view, the cause of the low
efficiency of innovation systems in these countries that are not able to increase their
effectiveness and to reduce waste of innovation efforts. It could be also caused by a
lack of exploiting new ideas by the firms and inertia caused by local systems [15].

5 Conclusions

An innovative environment is a vital complex element that affects most of the inno-
vation processes in different organizations (both private and public). The state and its
institutions or public organizations have the task of regulating the behavior of indi-
viduals and companies with the help of public policies. Their aim is, among other
things, to create support schemes or financial schemes. Practice shows that there are
significant differences between countries, namely in the quality of ensuring the basic
attributes of the innovation environment.

The aim of this chapter was to analyze the effectiveness of the basic attributes of
the innovation environment in EU countries 28. The basic attributes of the innovation
environment were defined as inputs; the output variable was the number of patents.
This was mainly a quantitative analysis.

The results are confirmed by the European Innovation Scoreboard, issued by the
European Commission for the EUMember States. The countries that are considered
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to be theEuropean innovation leaders achieve the highest efficiency.Our analysis also
showed the optimal values of individual indicators (input variables) that countries
should achieve if they want to increase their efficiency.

These results can be used to define country-specific recommendations and their
public policies. An essential recommendation for all countries with less efficiency
is to ensure the basic attributes of the innovation environment—above all a skilled
workforce with a strong knowledge base. Inefficient countries also should follow
leaders’ behavior which positively influences the ability of organizations to develop
successful innovations (e.g. thanks to radical innovation, willingness to change, open
innovation etc., [18]. However, these countries must take into account whether they
have sufficient absorption capacity. Therefore, it is necessary to start from the bottom
(e.g. changes in the education system, building a knowledge base, trust, etc.).Without
these changes, innovation paradox or NIH and NSH (Not-Invented-Here, Not-Sold-
Here) syndromes could occur. The latter syndromes (NIH, NSH) represent problems
that can be rooted in corporate innovation culture and do not allow the company to
adapt open innovation logic. It is connected with protective attitude towards external
knowledge exploitation when employees affected by these syndromes feel that if the
knowledge or technology cannot by exploited in own products/services, it should not
be exploited at all by anyone else [14]. Frishammar et al. [22] state that understanding
the firm’s innovation culture is one of themost critical aspects to graspwhen changing
from a closed to a more open model of innovation and to mitigate these syndromes.

Ponsiglione et al. [38] state that the exploration capacity, the propensity to cooper-
ation, and the endowed competencies of actors could be considered as key aspects in
affecting innovation performance (specifically at regional level). Therefore, another
recommendation is to increase attention to the results of co-operative links between
subjects, to be dissatisfied with poor quality or low quality results. As the results of
innovative followers show, some countries do not give a significant weight to quality.
They report results (quantitatively high), but qualitatively these results do not con-
tribute to the growth of the output variable (in this case the number of patents). There-
fore, we propose implementing quality-orientated management (quality improve-
ment methods—QIMs) that together with innovation represents central strategies
for firms and poses significant managerial, organizational and technical challenges
in the highly competitive international business world [8].

Thirdly, it is necessary to point the link between the quality of government and
its components (e.g. rule of law, control of corruption, government effectiveness
and government accountability) and the capacity of regions to innovate and to shape
patenting [48] that play a key rolemostly in countries suffering low innovative ability.
It leads to the wide recognance that institutional factors influence innovative perfor-
mances (specifically at regional and local level). Therefore, according to Arbolino
et al. [5], we propose considering qualitative (socio-political aspects) and quantitative
factors (managerial, policymaking and expenditure abilities). Zeng et al. [56] also
state that firms should devote continuous efforts to maintain a solid quality system in
place integrating a set of quality management (QM) practices (e.g. hard QM that per-
tains to the technical aspects of QM and soft QM that relates to the social/behavioral
attributes) and corresponding performance measures.
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The limitation of this study is the quality of the primary data entering the analysis
and, of course, a certain limitation of the selected input indicators. Future research
should be aimed at identifying the reasons for inefficiency of selected indicators of
the innovation environment in individual European countries.
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