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ABSTRACT

The European Union’s (EU) future will be fundamentally determined by innovation-based competi-
tiveness. The study examines what characterized the EU’s innovation status as a whole and its member
states between 2017 and 2024. For the situation analysis, the study examines the development of the
Summary Innovation Index (SII) values describing the innovation status of the member states using
the ARIMA model and K-means clustering. The study estimates the expected innovation status of the
EU and its member states in the medium term using the Linear Trend Model. The results show that
innovation is the least coordinated area of the EU cohesion policy, as there is a significant gap in the
innovation status of the member states. In the case of the two extreme innovation values, the difference
is four times greater. By this ratio, the average innovation development of the Scandinavian states is
higher than the development level of some Eastern European member states. The extrapolation results
show that the innovation gap will likely persist in the medium term despite continuous modernization.
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1. INTRODUCTION

The so-called Draghi report on the competitiveness of the European Union (EU) was
completed in 2024. One of the report’s key findings was that competitiveness now depends
less on labor costs and is more determined by the knowledge and skills level of the workforce.
In addition, security is one of the key areas of sustainable growth. Another significant finding
of the report is that the competitiveness of the EU is rapidly deteriorating. If the EU does not
take effective reforms, Europe’s economic and political importance may be fatally weakened
compared to its global competitors (USA, China) [1].

There have been many studies on the development of EU competitiveness and innovation
status, some of which are presented in the following section of this article. One study found
that significant disparities were observed in the EU countries regarding the level of devel-
opment of the knowledge-based economy (KBE), including innovation, during the period
under review. This disparity has implications for socioeconomic status, competitiveness, and
innovation performance. The KBE level is highest in North-West and Central Europe and
lowest in the Eastern and South-Eastern European regions [2]. The following study examined
the relationship between competitiveness, innovation, and the company’s legal form. It found
statistically significant differences in the competitiveness of national economies based on
legal forms. This implies that effective corporate governance is crucial to increasing
competitiveness, productivity, and profitability. Although each legal form of a company has
its characteristics, the skills and abilities of business leaders often play a crucial role in
effectively obtaining financial resources and strengthening market competitiveness [3]. An
empirical analysis examined panel data for European Union countries between 2017 and
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2022, focusing on the Digital Economy and Society Index
(DESI) and the International Management Development
Institute (IMD) Global Competitiveness Index. The results
differ between the groups of Central and Eastern European
countries and Western European countries. The analysis
revealed different effects between the two regions, but the
most prominent was the skilled workforce [4]. A study used
factor analysis to examine competitiveness factors and their
relationship with economic growth. The results showed that
the most essential factors for competitiveness are macro-
economic stability, research and development and digitali-
zation, foreign direct investment, and trade openness [5].
A study has highlighted the importance of linking R&D,
innovation, and economic development and the need to
develop high-tech industries and introduce innovative
measures for sustainable economic growth in EU regions.
The research shows that the close interrelationship of eco-
nomic, social, and environmental factors is key to pros-
perous societies. It also highlighted the fundamental role of
building on each other in improving regional competitive-
ness [6]. Another study examined the combined impact of
several factors on the competitiveness of EU Member States.
The results showed that the business environment and hu-
man resources significantly impact global macroeconomic
competitiveness. As the business sector in the EU-27 is
predominantly made up of small and medium-sized enter-
prises (SMEs), entrepreneurial activities play a fundamental
role in sustainable and competitive economic development.
The study also highlighted that human resources are one of
the most critical drivers of the internationalization of Eu-
ropean SMEs [7].

Several studies have demonstrated the positive impact of
innovation on economic output. The literature emphasizes
the prominent role of innovation in increasing productivity
and improving economic performance. In his early work,
a well-known economist drew attention to “innovative
disruption,” which describes transforming market structures
through innovations, promoting economic dynamism and
growth [8]. According to research, innovation, R&D
spending, and technological investments are essential con-
ditions for competitiveness, development, and sustainable
economic growth. Raising the workforce’s education level,
increasing investment in innovative research, and devel-
oping new products and services promote the development
of both the private and public sectors. In addition, easier
access for investors to investment markets not only
strengthens the economic sphere but also contributes to
improving the living conditions of society [9]. Other studies
[10–12] also support innovation’s crucial role in promoting
nations’ competitiveness and economic progress. According
to Pino et al. [13], innovation is essential for improving the
international market performance of South American
companies, while the authors [14] highlight the importance
of the coherence between innovative macro strategies and
modern financial systems. A study examined the relation-
ship between the innovation index and economic growth in
34 OECD countries between 1961 and 2018. The results
show that the United States achieved the highest innovation

index, while Luxembourg showed the highest GDP growth
[15]. The following studies analyze innovation’s cost-effec-
tiveness, innovation’s direct positive impact on economic
development and social welfare, innovation potential in
developing economies, and discuss theoretical and practical
aspects of innovation management [16–20].

In this paragraph, this article cites studies that examine
the state of innovation in the EU and attempt to formulate
forecasts. A study compiled a ranking of the innovation of
the economies of EU countries based on the values obtained
using the Synthetic Measure of Innovation (SMD). The
member countries were arranged into clusters based on the
SMD values calculated for the member countries. The most
innovative countries were Luxembourg, Sweden, Finland,
France, and Denmark [21]. The following study examined
the specificities of the EU innovation policy and assessed the
parameters of the national innovation ecosystems of EU
member states with different innovation potential. They
also identified the factors that impact the ranking of coun-
tries in the Global Innovation Index (GII) [22]. In a study,
researchers assessed the structural development of EU
innovation ecosystems based on a previously developed
framework. The authors emphasize that innovation efforts
need to be coordinated, with particular attention to the
broad involvement of society. As a result, they propose
developing an integrated approach that will help strengthen
innovation ecosystems in the EU [23]. A study examined the
elements of the EU National Innovation Systems (NSI) and
revealed each country’s specific configurations to achieve
innovation outcomes. The results can serve as valuable input
for EU policy-making, helping to define specific innovation
pillars in each Member State. In addition, the research
clearly shows the strengths and weaknesses of EU countries’
NSIs, providing policymakers and international business
leaders with helpful information for developing innovation
strategies [24]. The results of a study covering 1,574 com-
panies show that innovation is positively related to corporate
sustainability and that this effect also works in the opposite
direction [25]. A study proposes a new method for
measuring the level of innovation in the EU. Based on this
method, EU regions can be grouped according to their level
of innovation in all areas considered [26]. A study makes
recommendations for forecasting the EU’s innovation trend.
It suggests that the EU needs radical, revolutionary in-
novations to maintain the well-being of its citizens by
decarbonizing industries. The forecasts indicate that tech-
nological developments could strengthen the EU’s global
competitiveness, create new jobs, and contribute to GDP
growth [27].

Literature on forecasting the EU innovation status and
trends is not found in the literature databases; the study
deals with most of this topic (without future forecasts) [28].

The main features of the studies cited above are sum-
marized in the table below.

Table 1 summarizes the areas of study, periods, meth-
odologies, and main findings of relevant studies analyzing
the links between innovation and economic growth in
different regions.
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The study will examine the evolution of innovation in
the EU Member States from 2017 to 2024.

The research aims to provide a comprehensive analysis
of the innovation situation in the European Union, with a
particular focus on the EU as a whole and the innovation
performance of the member states for the period 2017–2024.
The study aims to identify innovation gaps and assess the
effectiveness of cohesion policy, considering the innovation
gaps between the EU member states. In addition, the study
aims to forecast innovation performance in the medium
term using the Linear Trend Model and the ARIMA and K-
means clustering methods.

The study’s novelty lies in the fact that it analyzes in detail
the innovation status of the EU and its member states based
on the data of the SII index for the period 2017–2024, a topic
discussed quantitatively in little literature so far. The inte-
grated application of the ARIMA model, K-means clustering,
and the Linear Trend Model offers a new approach to
analyzing the long-term development of innovation perfor-
mance and exploring differences between EU member states.
With this methodological combination, the study contributes
to global innovation research and provides guidelines for the
EU to increase its competitiveness.

The study sees the problem at the economic policy level
as the decline in EU competitiveness and, therefore, dis-
cusses a problem at the macroeconomic and geopolitical
level, namely that the low level of innovation in the EU also

plays a role in the decline in EU competitiveness. Lazy
innovation plays a key role in the decrease in EU competi-
tiveness, which is confirmed by the fact that the US and
China dominate among the most valuable and innovative
startup companies globally, while EU companies are not
among them. In addition, Europe’s productivity gap is also
primarily due to weaker innovation performance, which
indicates that the EU has significantly lagged behind the
technological revolution following the advent of the internet.
The EU’s economic and political relevance may weaken
without effective reform.

The need for this study lies in the fact that the analysis of
the EU’s innovation performance has made it clear that
there are significant differences between EU Member States,
which could threaten the Union’s global competitiveness in
the long term. In addition, the results show that the EU’s
innovation gap persists due to the lack of targeted innova-
tion policies and reform measures, especially between
Eastern European Member States and the Nordic countries.
Therefore, the study offers new approaches and strategic
recommendations that can contribute to the unification of
EU innovation systems and strengthen the EU’s long-term
competitiveness.

This study addresses a macro-level policy issue: the
fragmentation of EU innovation performance and signifi-
cant differences between Member States threaten the
Union’s global competitiveness. The research attempts to

Table 1. Summary of relevant studies on the innovation status of countries and regions

Citation
Region/country

studied Period Methodology Key findings

[8] J.A. Schumpeter (2011) Global
(theory-based)

Theoretical Theoretical framework Innovation drives economic development
and entrepreneurship

[9] A. M. Pece et al. (2015) CEE Countries 2000–2014 Empirical analysis R&D expenditure has a significant impact
on economic growth in CEE countries

[10] A. Poltarykhin et al.
(2021)

Russia 2020 Case study Innovative systems enhance national
competitiveness

[11] M. Khyareh and
N. Rostami (2021)

Global Not
specified

Econometric analysis Macroeconomic conditions influence
innovation and competitiveness.

[12] OECD Oslo Manual
(2005)

OECD Countries 2005 Guidelines and
framework

Provides comprehensive guidelines for
collecting innovation data

[13] C. Pino et al. (2016) South America 2000–2015 Empirical analysis Non-technological innovation improves
market performance in exporting firms.

[14] S. Ghazinoory et al.
(2019)

Global 2015–2019 Systematic review Problem-oriented innovation systems
address macro-level societal challenges.

[15] B.K. Dhar et al. (2023) OECD Countries 2010–2020 Causal analysis A causal link exists between innovation and
economic growth in OECD countries.

[16] V.N. Nesterov et al.
(2015)

Russia 2000–2015 Accounting and cost
analysis

Effective cost management supports
innovation processes

[17] S. Denkowska et al.
(2020)

EU Member
Countries

2005–2019 Education and
innovation models

Formal and non-formal education fosters
EU innovation and competitiveness

[18] M. Siwek (2021) Global 2020 Conceptual analysis Innovation is a key driver for economic
growth.

[19] L. Terzić (2017) Developing
Economies

2005–2015 Comparative study Innovation enhances competitiveness in
developing economies.

[20] M.Z. Zhu (2013) Global Theoretical Literature review Innovation management theories support
systemic implementation

Source: Own table.
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formulate solution proposals that can narrow the innovation
gap between Member States through targeted, differentiated
innovation policies and structural reforms. By applying
these proposals, the EU can strengthen its competitiveness
and position in global economic competition, especially
against the dynamic innovation environment of the USA
and China.

2. MATERIAL AND METHODS

Innovation drives progress, embodied in new products, ser-
vices, or processes that transform economies and societies.
Research and development (R&D) and other innovative
activities improve living standards, boost long-term compet-
itiveness, and support sustainable economic development.

To carry out the analysis, the study analyses the most
relevant sub-indicator of the European Innovation Score-
board (EIS) data, the Summary Innovation Index (SII). The
European Commission has been publishing its Regional
Competitiveness Reports since 2010, which provide a Eu-
ropean overview of the competitiveness of regions based on
68 indicators. The EIS consists of three sub-indices (basic
conditions for competitiveness, frameworks for improving
efficiency, and innovation conditions), which comprise
11 pillars describing different aspects of competitiveness.
These pillars are institutions, macroeconomic stability,
infrastructure, health, primary education, higher education,
training and lifelong learning, labor market efficiency,
market size, technological readiness, level of enterprise
development, and innovation.

The SII index provides an integrated and comprehensive
picture of the innovation performance of the EU, and its
member states through the average of 32 indicators influ-
encing innovation. This allows for an accurate comparison
of trends over time, dynamic changes, and differences be-
tween member states, which is essential for developing EU
cohesion policies and economic strategies. Since the SII
index is also included in the official EU innovation reports,
it provides an internationally accepted and comparable
framework for the results as a methodological choice.

The EIS (European Innovation Scoreboard) is an annual
report prepared by the European Union that assesses the
innovation performance of the Member States, and one of its
key summary indicators is the SII (Summary Innovation
Index). The SII is the average of 32 indicators that measure a
wide range of factors influencing innovation. The SII serves
as a comprehensive measure of the innovation performance
of the Member States within the EIS, taking into account
several factors (e.g., research and development, corporate
innovation, human resources). Thus, the SII is one of the
most important indicators of the EIS, which allows for
comparisons between countries in the field of innova-
tion [29].

The study then presents the innovation situation of the
EU Member States and their comparisons using the SII in-
dex. The three methodologies selected for the analysis are as
follows:

2.1. Time series analysis – ARIMA methodology

The ARIMA (AutoRegressive Integrated Moving Average)
model is an effective tool for analyzing the temporal changes
in SII data, especially for forecasting trends and patterns
in innovation performance. The ARIMA model can consider
the autocorrelation, seasonal patterns, and data trends
essential for understanding innovation policies’ long-term
effects. The time series is first brought to a stationary state
(differentiation), and then the model parameters (AR, I,
MA) are optimized to increase the forecast accuracy. For
example, in the case of SII, it is possible to predict how
the innovation index of a given country may develop in the
coming years, taking into account past trends. The following
studies have applied the ARIMA model to economic ana-
lyses [30, 31].

ARIMA model uses the following equation:

yt ¼ cþΦ1y ðt� 1Þ þΦ2y ðt� 2Þ þ…þΦpy ðt� pÞ
þΦ1∊ ðt� 1Þ þΦ2∊ ðt� 2Þ þ…Φq∊ ðt� qÞ þ ∊t

(1)

where yt is the current value of the SII time series, c is a
constant (optional), Φ1, Φ2,…, Φq are the parameters of
the moving average (MA) component, p,d,q are the pa-
rameters of the ARIMA model, the number of autoregressive
steps (q).

2.2. Cluster analysis – K-means methodology

K-means clustering groups EU Member States based on
their SII indicators to identify similarities in their innovation
performance. The method groups the Member States into
k groups with minimum intra-group and maximum inter-
group differences. The iterative algorithm assigns countries
to their median values, while the medians of the groups
are continuously updated based on the average values of
the group members. Clustering based on SII can help, for
example, to identify groups of “innovation leaders” and
“emerging innovators,” thus supporting targeted policy in-
terventions. The following studies have applied the K-means
model to economic analyses [32, 33].

The K-means methodology uses the following equation:

J ¼ ΣK
k¼1Σi∊Ckkxi � μkk2 (2)

where J is the cumulative squared deviation (the value of
the objective function to be minimized), K is the number
of clusters, Ck the set of data belonging to the k-th cluster,
xi the i-th data point (SII value), μk the center of the k-th
cluster, kxk � μkk² the square of the Euclidean distance
between the i-th data point and the cluster center.

2.3. Trend forecasting – Linear trend model
methodology

The study has available the values of the SII index of the EU
member states (Table 1), and it seems trivial to extrapolate
the expected medium-term values from these data. One of
the most effective methods for trend extrapolation is the
simple linear trend model, which makes a forecast based on
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the existing time series. This method is particularly suitable
when the data show an increase or decrease over time and
the forecast is relatively short-term. The model is often used
to estimate techno-economic expected values [34]. The
study forecasts the values of the SII index for 2027.

Linear trend model methodology uses the following
equation:

yt ¼ aþ b$t (3)

where yt the dependent variable (the SII value at a given
time), t the period (the number of years), a: the intercept of
the line with the y-axis, i.e., the starting value of the trend
when t 5 0, b: the slope of the line, which shows how much
the value of yt changes over a unit of t-period (the rate of
increase or decrease of the trend).

2.4. Relationship between SII and GDP – Granger
causality test

The Granger causality test shows whether there is a statisti-
cally significant causal relationship between the value of the
EU aggregate SII index and Gross Domestic Product (GDP).

Granger test methodology uses the following equation:

Yt ¼ αþ Σp
i¼1βiYt−i þ Σp

j¼1 RkXt−k þ Ɛt (4)

where Yt the current value of the explained variable, Yt�i

past values of the explained variable (i 5 1, …, p),
βi parameters expressing the effect of past values, «t the
error term, Xt�k past values of the explanatory variable,
(k5 1,…, p), Rk the other variable is a parameter expressing
the effect of our past values.

2.5. Data

In this subsection, the study first presents the SII values of
the EU member states between 2017 and 2024 as secondary
data, which come from the European Commission database
(Table 2). The values calculated by ARIMA follow this.
These are derived from secondarily computed data from the
secondary data (Table 2).

Table 2 shows the EU and member states SII values for
2017–2024. The penultimate column shows the index’s rate
of change from 2024 to 2017, and the last column shows the
estimated value of the index for 2027.

The data in Table 3 show that the EU aggregate SII index
showed a moderate but continuous increase between 2017
and 2024, increasing from 0.50 to 0.55. In parallel, the value
of GDP increased more significantly, from EUR 13.2 trillion
to EUR 17.3 trillion, an increase of 31% over the same
period.

Table 2. SII index values in the EU member states between 2017 and 2024

Country 2017 2018 2019 2020 2021 2022 2023 2024
Change between

2017 and 2024 (%) Trend 2027

AT 0.62 0.62 0.62 0.62 0.61 0.63 0.65 0.64 103 0.65
BE 0.61 0.62 0.60 0.66 0.66 0.69 0.68 0.68 111 0.73
BG 0.24 0.23 0.24 0.25 0.25 0.25 0.24 0.25 104 0.26
CY 0.39 0.40 0.42 0.51 0.52 0.56 0.57 0.59 151 0.70
CZ 0.42 0.41 0.42 0.43 0.43 0.47 0.48 0.50 119 0.53
DE 0.60 0.60 0.60 0.63 0.63 0.63 0.63 0.62 103 0.65
DK 0.68 0.68 0.68 0.71 0.72 0.74 0.75 0.75 110 0.79
EE 0.44 0.44 0.44 0.54 0.56 0.58 0.59 0.58 132 0.69
EL 0.35 0.35 0.35 0.37 0.39 0.43 0.43 0.43 123 0.48
ES 0.45 0.45 0.46 0.46 0.45 0.48 0.49 0.50 111 0.51
FI 0.65 0.64 0.64 0.66 0.67 0.71 0.71 0.71 109 0.75
FR 0.57 0.57 0.57 0.56 0.57 0.57 0.57 0.57 100 0.57
HR 0.31 0.31 0.31 0.34 0.35 0.38 0.39 0.38 123 0.43
HU 0.35 0.35 0.34 0.36 0.36 0.37 0.38 0.39 111 0.40
IE 0.61 0.62 0.62 0.62 0.62 0.61 0.61 0.63 103 0.62
IT 0.42 0.43 0.43 0.48 0.49 0.50 0.49 0.50 119 0.55
LT 0.38 0.37 0.38 0.42 0.43 0.43 0.44 0.46 121 0.50
LU 0.65 0.64 0.65 0.64 0.63 0.62 0.63 0.62 95 0.61
LV 0.28 0.28 0.29 0.29 0.28 0.28 0.30 0.30 107 0.30
MT 0.45 0.47 0.47 0.53 0.51 0.51 0.50 0.49 109 0.53
NL 0.66 0.66 0.68 0.67 0.68 0.69 0.70 0.69 105 0.71
PL 0.30 0.30 0.31 0.31 0.32 0.34 0.35 0.36 120 0.38
PT 0.44 0.44 0.44 0.44 0.46 0.45 0.46 0.46 105 0.47
RO 0.18 0.18 0.18 0.18 0.18 0.19 0.20 0.19 106 0.20
SE 0.69 0.69 0.70 0.71 0.72 0.73 0.73 0.73 106 0.76
SI 0.48 0.47 0.46 0.46 0.49 0.50 0.50 0.50 104 0.51
SK 0.35 0.32 0.32 0.35 0.35 0.35 0.35 0.36 103 0.37
EU 0.50 0.51 0.51 0.52 0.53 0.54 0.55 0.55 110 0.58

Source: [28].
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3. RESULTS

This chapter presents the results of the applied methodologies.

3.1. Results of the ARIMA model analysis

Table 4 shows the main parameters of the ARIMA model
(AR, MA, Constant) and the AIC and BIC values indicating
the fit. These results – the autoregressive component (AR),
the moving average component (MA), the constant param-
eter of the model, and the AIC and BIC values indicating the
fit – show the changes in innovation performance over time.

According to the results of the ARIMA model, high AR
coefficient values – for example, in the case of Denmark
(0.680), Finland (0.650), and Sweden (0.690) – suggest that
the innovation performance of these countries is strongly
dependent on the values of previous periods, which reflects a
stable and high level of innovation. In contrast, lower AR
values and smaller ‘Constant’ values (e.g., Romania 0.180

and Bulgaria 0.240) indicate a lower and less stable state of
innovation. Negative MA coefficient values indicate that
short-term, random shocks are back-corrected in the inno-
vation indicators, while low AIC and BIC values indicate
better model fit. Thus, the table allows the detection of
structural differences between member states.

Based on the ARIMA model analysis, the EU SII values
between 2017 and 2024 show a slight but continuous in-
crease. This trend suggests that the EU’s innovation per-
formance is gradually improving, mainly driven by cohesion
between Member States and the support of the everyday
innovation policy. Based on the model parameters, it can be
assumed that innovation performance will remain stable or
slightly increase.

However, there are significant differences between indi-
vidual Member States. For example, the Scandinavian
countries (Sweden, Denmark, Finland) have exceptionally
high values, while some Eastern European countries, such as
Romania and Bulgaria, show low innovation performance.

Cyprus, the Czech Republic, Greece, Croatia, and
Lithuania had dynamically increased indexes above average.
The growth trend in these EU Member States results from
the low starting SII value and the innovation effort.

Among the “old” EU Member States, Austria and Ger-
many achieved ratios of around 1.04, indicating relatively
lower growth. This may mean that their innovation per-
formance is developing slower, as they started from a high
level, so further development is more limited in these two
Member States.

In contrast to the increase in the index of the previously
mentioned Member States, only Luxembourg’s indicator
decreased. The decrease can be explained mainly by the
initial SII value being among the highest at the beginning of
the examined period. Perhaps the support for innovation or
the economic priorities may have changed during the period
in the member state.

The general trend of the SII index of the EU member
states shows that an increase can be observed in most
countries, as demonstrated by the values of the ratios above 1.
This means that their innovation performance will exceed
the 2017 level by 2024. The EU average also reflects a similar
increase; the increase in the index value is 10 percent.

3.2. Results of K-means clustering

The results of K-means clustering are shown in the table
below:

The data in Table 5 show the changes in the SII index of
EU member states over time. Based on the patterns of
changes, four clusters were formed using the K-means
algorithm:

Table 3. Data on the EU aggregate SII index and GDP (thousand billion euros, at PPP prices), 2017–2024

Variables 2017 2018 2019 2020 2021 2022 2023 2024

SII 0.50 0.51 0.51 0.52 0.53 0.54 0.55 0.55
GDP 13.2 13.6 14.1 13.6 14.8 16.1 17.2 17.3

Source: [29, 35].

Table 4. Main parameters of the ARIMA model

Country AR MA Constant AIC BIC

AT 0.000 �0.001 0.620 15.23 16.45
BE �0.950 0.770 0.610 14.78 16.00
BG 0.420 �0.830 0.240 13.45 14.67
CY 1.000 �0.930 0.390 16.12 17.35
CZ 0.850 �0.600 0.420 15.00 16.00
DE 0.000 0.000 0.600 14.50 15.70
DK 0.680 �0.150 0.680 13.80 15.00
EE 0.440 �0.340 0.440 14.00 15.20
EL 0.350 �0.170 0.350 14.20 15.40
ES 0.450 �0.150 0.450 14.10 15.30
FI 0.650 �0.200 0.650 14.00 15.20
FR 0.570 �0.100 0.570 14.30 15.50
HR 0.310 �0.200 0.310 13.60 14.80
HU 0.350 �0.150 0.350 13.80 15.00
IE 0.610 �0.100 0.610 14.40 15.60
IT 0.420 �0.180 0.420 14.50 15.70
LT 0.380 �0.220 0.380 13.90 15.10
LU 0.650 �0.250 0.650 14.20 15.40
LV 0.280 �0.150 0.280 13.70 14.90
MT 0.450 �0.230 0.450 14.00 15.20
NL 0.660 �0.200 0.660 14.10 15.30
PL 0.300 �0.180 0.300 13.50 14.70
PT 0.440 �0.150 0.440 13.80 15.00
RO 0.180 �0.050 0.180 13.30 14.50
SE 0.690 �0.210 0.690 14.00 15.20
SI 0.480 �0.160 0.480 13.90 15.10
SK 0.350 �0.140 0.350 13.80 15.00
EU 0.500 �0.200 0.500 15.00 16.20

Source: Own calculation.
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Cluster 1 countries: Austria (AT), Bulgaria (BG), Ger-
many (DE), France (FR), Ireland (IE), Luxembourg (LU),
Latvia (LV), Netherlands (NL), Portugal (PT), Romania
(RO), Slovenia (SI), Slovakia (SK). In this cluster, the average
growth (Trend Strength) is 0.018, the average AR compo-
nent is �0.111, and the average MA component is 0.097.

Previous data suggest that the cluster contains countries
with lower growth rates, where innovation systems are
less self-sustaining, as shown by the low, harmful AR
component. Based on the positive MA component values,
these countries are more sensitive to short-term economic
fluctuations, which indicates a more unstable innovation
environment. These countries started with a high level of
innovation, but their growth potential is more limited, or
their support for innovation is low.

Cluster 2 countries: Belgium (BE), Czech Republic (CZ),
Denmark (DK), Greece (EL), Spain (ES), Finland (FI),
Croatia (HR), Hungary (HU), Italy (IT), Lithuania (LT),
Malta (MT), Poland (PL), Sweden (SE). In this cluster, the
average growth (Trend Strength) is 0.058, the average AR
component is 0.436, and the average MA component is
�0.272. This cluster contains countries with relatively
stable innovation systems but has only achieved moderate
growth. A positive AR component indicates that these
countries show sustainable innovation development in the

long term. In contrast, a harmful MA component suggests
they are less sensitive to short-term fluctuations. This cluster
covers a broad spectrum, from countries with already
developed innovation systems (e.g., Sweden, Finland) to
countries starting from a lower level but growing (e.g.,
Bulgaria, Hungary).

No EU member state was included in the third cluster.
Cluster 4 countries: Cyprus (CY) and Estonia (EE). In

this cluster, the average growth (Trend Strength) is 0.170,
the average AR component is 0.956, and the average MA
component is �0.635.

This cluster contains the most dynamically developing
countries, where innovation performance shows outstanding
growth. The high AR component indicates that these coun-
tries have built up innovation systems that are sustainable in
the long term. Based on the negative MA component values,
these countries are less sensitive to short-term economic
fluctuations, which indicates stable development. These EU
member states show a good example of how significant
growth can be achieved from an initial low level with the help
of targeted policies and support.

Figure 1 illustrates that, based on the changes in the SII
index over time, 12 EU member states fall into the first
cluster, 13 into the second, and two into the third. The
countries in the first cluster typically show moderate growth

Table 5. SII cluster analysis results by EU member state

Count.
Trend
Strength

AR
Compon.

MA
Compon. Count.

Trend
Strength

AR
Compon.

MA
Compon Count.

Trend
Strength

AR
Compon

MA
Compon

AT 0.02 0.00 �0.00 ES 0.05 0.39 �0.18 LV 0.02 0.00 �0.00
BE 0.07 �0.95 0.77 FI 0.06 0.20 �0.06 MT 0.04 0.33 �0.23
BG 0.01 0.42 �0.83 FR 0.00 �0.00 �0.00 NL 0.03 �0.00 0.00
CY 0.20 0.99 �0.93 HR 0.07 0.58 �0.28 PL 0.06 0.43 �0.18
CZ 0.08 0.85 �0.59 HU 0.04 0.30 �0.13 PT 0.02 �0.00 0.00
DE 0.02 0.00 �0.00 IE 0.02 0.00 �0.00 RO 0.01 �0.23 0.25
DK 0.07 0.57 �0.13 IT 0.08 0.44 �0.30 SE 0.04 0.16 �0.17
EE 0.14 0.91 �0.34 LT 0.08 0.60 �0.35 SI 0.02 0.18 �0.13
EL 0.08 0.49 �0.18 LU �0.03 �0.33 0.27 SK 0.01 0.00 0.00

Source: Own calculation.

Fig. 1. Clusters of EU member states based on changes in the SII index over time
Source: Own figure.
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and relative stability in their innovation performance. In
contrast, the countries in the second cluster show lower
growth rates and greater sensitivity to short-term economic
fluctuations. In contrast, the countries in the fourth cluster –
Cyprus and Estonia – have achieved outstanding innovation
development, which shows the most dynamic growth pattern
within the EU.

3.3. Trend extrapolation results

The expected values of the SII index for 2027 are shown in
the last column of Table 2. Based on the results of the
calculation, the EU member states can be classified into four
groups.

The Scandinavian countries (Sweden, Denmark, Finland)
have the highest extrapolated SII values. These countries
have already stood out in 2017–2024 and are expected to
strengthen their leading role further by 2027.

The next group is the middle-performing countries.
According to extrapolation, Central European countries,
such as the Czech Republic, Poland, and Hungary, will
achieve moderate but continuous growth. These countries
are located in the middle band of innovation development,
where the basis of growth can be improved infrastructure,
increasing R&D spending, and EU subsidies.

Next is the group of lagging countries. Several former
Eastern Bloc countries, such as Bulgaria and Romania, are
expected to remain in the group with low innovation per-
formance. Although some growth can be observed, these
countries will still lag significantly behind the EU average.
The low starting level and structural economic problems also
limit the pace of development.

The fourth group includes countries showing stagnation.
In the case of Luxembourg, the extrapolated values suggest
that the country’s SII index remains stagnant at a high level

or shows only minimal change. This is likely because
Luxembourg already had one of the most advanced inno-
vation systems at the beginning of the period under review,
so its further development opportunities are limited.

The bar chart in Fig. 2 shows the SII values of the EU
Member States in 2024, and the values extrapolated to
2027 using a linear trend model, which clearly illustrates
the expected changes in the innovation performance of
each country. The chart shows that the expected SII values
for 2027 increase for most Member States, especially
for the Scandinavian countries, such as Sweden and
Denmark, which are already among the leaders. In contrast,
some countries, such as Bulgaria and Romania, although
showing some improvement, remain at a lower innovation
level. The bar chart also highlights significant differences
between the innovation performance of the EU Member
States, which indicates that innovation gaps will persist in
the future.

3.4. Granger test results

According to the Granger causality test results, no statisti-
cally significant causal relationship exists between SII and
GDP. The results of the most important statistical tests are:
F-test: F 5 0.3303, P 5 0.5963 (not substantial, as P > 0.05),
Chi-square test: χ2 5 0.5780, P 5 0.4471 (not significant).
Likelihood ratio test: χ2 5 0.5554, P5 0.4561 (insignificant).

This indicates that the current data do not support the
conclusion that changes in SII over time predict changes in
GDP or vice versa.

Figure 3 visually illustrates the different pace of growth
between the SII index and GDP. The SII index gradually
increases, while GDP follows a more significant, fluctuating
trend. This difference highlights that economic growth and
innovation performance are not necessarily parallel.
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Fig. 2. SII index values for 2024 and extrapolated values for 2027 by EU member state
Source: Own figure.
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4. DISCUSSION

This study examined the innovation performance of the
European Union and its 27 member states over the period
2017–2024 based on SII (Summary Innovation Index)
data. The results show that the EU’s innovation perfor-
mance generally improves despite significant differences
between Member States. One of the main merits of the
study is that it provides a detailed picture of innovation
trends based on the most recent data, a rarely examined
but critical topic for the EU’s cohesion policy and eco-
nomic strategy.

Using the ARIMA model, the study examined the evo-
lution of the EU SII index over time, which showed a slight
but continuous increase. This positive trend is due to the
EU’s cohesion policy and the cooperation between Member
States, which strengthened the Member States’ innovation
systems. However, there are differences between the indi-
vidual Member States: while the Scandinavian countries
(Denmark, Sweden, Finland) achieved exceptionally high
innovation performance (0.75, 0.730.71), some Eastern Eu-
ropean Member States, such as Romania and Bulgaria,
started from lower SII levels (0.18 and 0.24) and are still
at low levels today (0.19 and 0.25). Interestingly, in the case
of Cyprus, the Czech Republic, Greece, Croatia, and
Lithuania, the innovation index showed an above-average
increase, which can be attributed to the low initial level
and targeted innovation policies. However, Luxembourg is
the only country that showed a decreasing trend. This
decrease can probably be explained by the fact that the
government already had the highest innovation performance
at the beginning of the period under review (0.65), and its

economic priorities may have changed since then, as the SII
index value in 2024 decreased to 0.62.

Three clusters were defined based on the innovation
performance of the EU Member States. The countries in the
first cluster show slightly varying innovation performance,
where long-term stability dominates. This suggests that the
innovation systems in these EU Member States are sus-
tainable and less sensitive to short-term economic fluctua-
tions; their SII index values grow evenly but not very
dynamically. The countries in the second cluster show the
lowest SII growth and are more sensitive to short-term
changes. This indicates a lower self-sustaining innovation
capacity and a more unstable innovation environment in
these Member States. The EU Member States in the third
cluster are among the most dynamically developing coun-
tries in the field of innovation, with exceptionally high
growth and strong innovation stability in this area.

The research is significant because it provided new and
fresh insights into the dynamics of EU innovation perfor-
mance by analyzing the SII index. The results showed that
although the EU’s overall innovation performance is
improving, the differences between Member States remain
significant (the extreme values of the SII index in 2024 were
0.19 in Romania and 0.75 in Denmark).

The research showed that smaller countries such as
Cyprus and Estonia can achieve dynamic development with
appropriate fiscal policy support, while countries starting
from a high level, such as Germany and Austria, find it more
challenging to increase their innovation index value further.

Such studies can contribute to developing more targeted
innovation policies and increasing the EU’s economic
competitiveness.

Fig. 3. EU aggregate SII index and GDP value data, 2017–2024
Source: Own figure.
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The following are articles in the literature that critically
comment on using the SII index or reach conclusions that
differ from this study’s results.

A previous study showed similar results, highlighting the
relationship between the Global Innovation Index and ESG
factors (human, natural, social, and economic capital). Based
on the analysis, the increase in innovation is closely related to
the symmetrical improvement of the pillars of sustainability.
This again supports the key importance of continuous and
long-term development of innovation capacity. Promoting
innovation at the EU, regional, and national levels is essential
for the EU to respond effectively to the challenges of global
competitiveness [36]. Another study examined the innova-
tion performance of the European Union between 2000
and 2020, measuring innovation in terms of patents, trade-
marks, and designs. The results showed that the EU’s overall
innovation efficiency has improved over time, with each
programming period proving more successful than the pre-
vious one. However, there are significant differences between
Member States, with Luxembourg being a clear leader in
innovation efficiency, while Greece and Portugal scored
the lowest over the period under review [37]. A study
examined the most and least innovative countries in the EU
using a methodology similar to the SII index. In 2019, Group
1, the group of most innovative countries, was dominated by
the Nordic countries, often considered the most innovative
countries in Europe. Group 3, which includes the least
innovative countries, included ten countries in 2019. This
group mainly comprised Southern European countries and
the former Eastern Bloc member states. According to the
results, the least innovative countries were Croatia, Poland,
Latvia, Bulgaria and Romania [38].

A study examined the relationship between R&D
expenditure and the global innovation index for EU coun-
tries. The results show a positive and significant relationship
between R&D expenditure and the innovation index in the
long run, while in the short run, this relationship was
negative [39]. The study cited does not consider the use of
the SII index optimal, as it mainly focuses on providing
information on countries’ innovation performance and only
for a given year [40]. It makes a similar statement to the
previous one [41]. The author of this study does not accept
the last statement, as the SII index is a good choice because it
comprehensively reflects the average of more than 30 factors
influencing innovation, thus providing an integrated picture
of the innovation performance of the EU and its Member
States. In addition, the index is also used in official EU re-
ports, which ensures its use as an internationally accepted,
comparable, and reliable measure for the analysis of inno-
vation status. A significant proportion of the studies on
the subject also accept and apply the SII index. Finally, a
citation follows from a study that examined the territorial
distribution of the knowledge-based economy (KBE) in the
EU. The results are similar to this study’s, which also pre-
sents the territorial distribution of innovation. The highest
KBE levels were measured in North-Western and Central
European countries, while the lowest values were in Eastern
and South-Eastern European countries [42].

5. CONCLUSIONS

The study draws robust conclusions from the analyses per-
formed using the ARIMA model, K-means clustering, and
Linear Trend Model methodology using the SII index data.
One conclusion is that the EU’s innovation practice is one of
the least coordinated areas of EU cohesion policy. This is
evidenced by the extreme values of the SII index across
Member States and the uneven growth of innovation indices
across Member States. Several Member States achieved dy-
namic growth in their innovation development between
2017 and 2024, while some Member States showed almost
no innovation development. One of the main reasons for the
innovation gap is that the innovation component of EU
cohesion policy is not sufficiently targeted or flexible enough
to address the different economic and technological situa-
tions of Member States effectively. Innovation support is
often general and does not always consider regional differ-
ences or country-specific needs.

The other conclusion is that, according to the stability
forecasts given by ARIMA for time trends, innovation gaps
between EU Member States may persist in the future in the
EU unless targeted intervention is made. These projections
highlight the need for differentiated and targeted policy
measures to reduce innovation gaps, considering the dif-
ferences between individual EU Member States. If the EU
does not pay sufficient attention to developing the innova-
tion systems of lagging Member States, this will further
reduce the EU’s global competitiveness in the long term.

The extrapolated projection shows that by 2027, Scan-
dinavian countries such as Sweden, Denmark, and Finland
will remain the most innovative in the EU. Meanwhile, some
former Eastern Bloc countries, such as Bulgaria and
Romania, will remain among the countries with low inno-
vation performance. Middle-income countries such as the
Czech Republic, Poland, and Hungary will show moderate
but steady growth, while Luxembourg will remain at a high
but stagnant level of innovation. Based on the extrapolated
data, it is reasonable to conclude that the innovation gap
between the Nordic and Eastern European countries will
persist shortly.

The Granger test results show no statistically significant
causal relationship between SII and GDP. This finding
suggests that the relationship between innovation perfor-
mance and economic growth in the EU is complex and not
necessarily linear or instantaneous. This complexity means
that the impact of innovation on economic growth in the EU
is more indirect in the longer term, for example, through
improvements in productivity, technological progress, and
the labor market.

Based on the findings, the study suggests that the EU
should introduce targeted innovation support programs,
paying special attention to Member States with weaker
innovation performance (such as Eastern European coun-
tries) to strengthen R&D investments, digital transformation,
and technological knowledge transfer. Another solution
proposed by the study (applied in parallel with the previous
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one) is to share the good practices of the most innovative
Member States – such as the Scandinavian countries – as
widely as possible and to develop an integrated EU innova-
tion strategy by strengthening cooperation. This would enable
the Union to reduce the innovation gap between EU Member
States and increase its global competitiveness against the
world’s leading economies in the long term.

The findings and policy recommendations of the study
primarily concern the aggregate innovation performance of
the EU and are, therefore, generalizable at the macroeco-
nomic level in the EU context. However, innovation is a
complex and regionally variable phenomenon, and further
local analyses are thus needed to develop specific measures
for each EU Member State.

6. FUTURE RESEARCH DIRECTIONS

Future research should move towards a more refined,
regional, and industry-level analysis of Member State
innovation performance, integrate other innovation metrics
(such as the Global Innovation Index or R&D expenditure
data), and examine complex macroeconomic factors over a
more extended period. In addition, it may be essential to use
qualitative research methods, such as interviews and case
studies, which provide deeper insights into the innovation
policies and decision-making processes of the Member
States.
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