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Abstract: Since 2010, the European Union countries have been implementing the objectives of the
Europe 2020 Strategy aimed at smart, sustainable, and inclusive growth. The Strategy formulates
nine indicators that are systematically monitored and assessed. Not all the indicators of the Europe
2020 Strategy could be used in the analysis in a direct way. Due to the limited availability and
comparability of statistical data, this problem is presented in detail in part 2 of the article. The
assessment of the achievement level of the Europe 2020 Strategy targets, both at the level of the entire
European Union (the EU-level targets approach) and its individual Member States (the national-level
targets approach) is the primary research purpose of the study. The composite index proposed
and constructed on the basis of a dynamic relative taxonomy was used in the conducted research
to present the diversified distance of the individual European Union countries in relation to the
EU-level targets as well as the national-level targets of the Europe 2020 Strategy. The research
methodology allows conducting the analysis taking into account the missing data. Most methods
of ordering objects based on aggregate measures are compensatory in nature. This problem was
significantly reduced by taking into account the geometric mean in the construction of the aggregate
measure. The research findings revealed that in the years 2010–2019 an ongoing improvement in the
implementation of both the EU and the national targets of the Europe 2020 Strategy was observed.
In addition, the differences existing between the European Union Member States were reduced.
However, none of the countries achieved the EU-level targets. Their highest implementation level
was recorded in Denmark, Sweden, Austria, and Finland. The achievement level of the strategic
goals regarding the national-level targets was influenced by the choice of one of the two approaches
indicated in the study and adopted by the individual EU Member States in determining the set target
values of the indicators, i.e., either prudential or optimistic.

Keywords: composite index; Europe 2020 Strategy; EU-level targets; national-level targets; dynamic
relative taxonomy

1. Introduction and Motivation
1.1. The EU2020 Strategy

The policy of multi-faceted development presented by the individual European Union
Member States is closely related to the strategic priorities of integrating Europe. In this
context, pursuing the objectives of the Europe 2020 Strategy is of particular importance.
The draft of the Strategy was presented by the European Commission on 3 March 2010
and approved on 17 June 2010 at the Brussels summit by the European Council [1]. The
Strategy covers the following three interrelated priorities [2] (p. 8):

• smart growth: the development of knowledge-based economy and innovation-based
economy,
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• sustainable development: promoting a more resource-efficient, greener, and more
competitive economy,

• inclusive growth: fostering a high-employment economy delivering social and territo-
rial cohesion.

The Europe 2020 Strategy is a long-term orientation of the European Union countries
and regions towards smart, sustainable, and inclusive growth. Moreover, the European
Commission indicated that the above-mentioned objectives should be measurable and
reflect the diversity of the Member States and also be based on the sufficiently reliable data
allowing long-term observation, comparative analysis, and evaluation. On the basis of
these requirements, the targets related to five areas were defined, which were assigned the
appropriate monitoring indicators (see Table 1).

Table 1. Targets, topics and indicators of the Europe 2020 Strategy.

Targets Topics Headline Indicators EU Target 2020

Smart
growth

R&D Gross domestic expenditure on R&D (% of GDP) 3

Education
Early leavers from education and training (% of population aged 18–24) <10

Tertiary educational attainment (% of population aged 30–34) ≥40

Sustainable
growth

Climate change and
Energy

Greenhouse gas emissions (index 1990 = 100) 80
Share of renewable energy in gross final energy consumption (%) 20
Primary energy consumption (Million tonnes of oil equivalent) 1483

Final energy consumption (Million tonnes of oil equivalent) 1086

Inclusive
growth

Employment Employment rate age group 20–64, total (% of population) 75

Poverty and social
exclusion

People at risk of poverty or social exclusion (Million
people—compared with 2008) 20

Source: authors’ compilation based on: [1] (Annex I, pp. 11–12), [2] (pp. 8–9), [3] (p. 9).

The objectives identified in the Europe 2020 Strategy remain correlated. Achieving
the targets in the area of education, including a higher level of education, does increase
the chances (especially of the youth) on the labour market, and along with the growth
in the employment rate of the population aged 20–64, contributes towards reducing the
level of poverty and social exclusion. On the other hand, greater opportunities (primarily
the financial ones) for conducting research and development as well as the innovation
activities in all sectors of the economy create important conditions for the increased com-
petitiveness of the individual European Union countries and facilitate opening new jobs. In
turn, ecological projects, such as low-carbon technologies, renewable energy sources, and
increased energy efficiency, improve the condition of the natural environment, increase
the effectiveness of counteracting climate change, and strengthen the potential in terms of
entrepreneurship and employment [4].

Taking into account the fact that each of the European Union Member States is different
regarding the attained level of socio-economic development and the specificity of internal
development conditions, the European Commission decided to refrain from “measuring all
of them with one measure alone”. In addition to the goals of the Europe 2020 Strategy for
the entire European Union, the individual Member States, within the framework of their
national reform programs, presented their own target levels of indicators for achieving the
objectives of the Europe 2020 Strategy.

1.2. The Purpose of the Paper

Both the European Union as a whole and each of the analysed Member States im-
plement the priorities and objectives of the Europe 2020 Strategy to a varying extent.
Presenting this issue indicates the need to apply different research approaches. This is
also confirmed by the literature studies (see Section 1.3). In this regard, it is possible to
distinguish the three following methodological approaches:
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• aggregate approach showing the aggregate level of achieving either all or the area-
specific indicators by the individual countries. This approach allows presenting the
ranking of the analysed countries based on the aggregate measure value of all the
indicators (diagnostic features) illustrating the implementation level of the individual
priorities as well as the EU and national targets of the Europe 2020 Strategy. This
approach is presented in the studies by, e.g., [5–15];

• aggregate approach taking into account the EU-level targets, in which national values
of the individual monitoring indicators are referred to their target values defined for
the European Union (EU-level targets 2020). Following this approach, achieving more
favourable monitoring indicators by a given country than the EU-level targets 2020 is
not included in the analysis (values that are more favourable for the national moni-
toring indicators are replaced with their target values set out for the entire European
Union). Such an approach was presented, e.g., in the study by Becker et al. [16];

• aggregate approach taking into account the national-level targets, in which national
values of individual monitoring indicators are referred to their target values defined
for a given country for 2020. In this approach, achieving more favourable values of
the monitoring indicators by a given country than the target values adopted in a given
country is not considered in the analysis (values more favourable for the national
monitoring indicators are replaced with their target values defined for an individual
country—national-level targets 2020). Such an approach was presented, e.g., in the
study by Becker et al. [16] where only the level of meeting the target monitoring
indicators defined by the individual EU Member States was analysed. A different
approach is possible here, following which the countries are arranged based on the
implementation level of individual monitoring indicators in the analysed period, and
the level of meeting the target monitoring indicators defined by the individual EU
countries is presented.

The aggregate approach takes into account the possibility of accumulating the range
of positive and negative deviations from the target values of individual indicators. Hence,
the countries in which, e.g., several indicators were clearly exceeded, and the majority were
not achieved, can be identified as the countries characterised by the high achievement of
the targets set out in the Europe 2020 Strategy. Therefore, the weakness of this approach is
reflected in its compensatory nature. The aggregate approaches considering the EU-level
targets and the national-level targets significantly reduce the compensation characteristic
for the aggregate approach. Due to the fact that the EU-level targets approach does not take
into account national priorities, and the national-level targets approach the EU priorities
of the Europe 2020 Strategy, they should be carried out jointly in one study. The study
described in the presented article is an attempt to fill in a part of this gap.

The implementation of the identified priorities and the achievement of the set targets
included in the Europe 2020 Strategy requires numerous activities performed both at the
EU level and in the individual countries and regions. The assessment of the achievement
level of the Europe 2020 Strategy targets, both at the level of the entire European Union
(EU-level targets) and its individual Member States (national-level targets) remains the
basic research purpose of the study. The conducted analyses applied the aggregate index
proposed and constructed based on the dynamic relative taxonomy (Section 3 of the paper).
The time range of the study covers the years 2010–2019, whereas the spatial scope includes
28 European Union countries and the average data for the European Union. The research
includes Croatia, which joined the European Union in 2013, as well as Great Britain, which
officially left the European Union at the end of January 2020.

One of the Europe 2020 Strategy topics is climate change and energy; hence this
Strategy co-creates, i.e., the renewable energy development mechanisms. Our findings are
relevant to the aims and the scope of the Energies Journal.
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1.3. Literature Review

Most frequently, in assessing the implementation of the Europe 2020 Strategy the
aggregate measures (composite indices) are used, on the basis of which the analysed objects
can be ranked from “the best” to “the worst” according to a complex phenomenon that is
not subject to direct measurement (the so-called latent variable—see [17]). Here, a complex
phenomenon is the level of the Europe 2020 Strategy implementation, described using the
set of preferential variables (in this case, it is 9 headline indicators). The function which
aggregates partial information included in the individual variables is the tool for the linear
ordering methods.

Linear ordering of objects based on aggregate measures is used in many research areas,
such as innovation, competitiveness, well-being, social cohesion, sustainable development,
poverty and social exclusion, social inclusion, customer satisfaction, air quality, quality
of life.

The problems of constructing aggregate measures are addressed in, e.g., the following
studies [18–23].

The application of aggregate measures in assessing the level of the Europe 2020
Strategy implementation is presented, i.e., in the studies by [5–15].

Pasimeni [5,6] proposed a synthetic composite index based on three thematic sub-
indices. These sub-indices comprise the three dimensions of growth defined as the main
pillars of the Europe 2020 Strategy, which are built on the eight official headline indicators
representing economic, environmental, and social dimensions. The indicators are calculated
at the national level and allow comparing the states with each other and over time. The
composite measure is defined as the geometric average of three indices. The use of the
geometric average was supposed to eliminate the heterogeneity that can be observed in
the progress of indicator values. Each component is normalized within the [0, 1] closed
interval creating the Smart Growth Index, the Sustainable Growth Index, and the Inclusive
Growth Index for each country as the results of unweighted averages. This synthetic index
is defined and referred to as the Europe 2020 Index.

The index developed by Pasimeni was used by Pasimeni and Pasimeni [9] in order to
indicate which factors, economic or institutional ones, are more likely to determine success
or failure in the Europe 2020 Strategy. The analysis confirmed the key importance of
formal and informal institutions compared with the other considered factors. Institutional
variables turned out to be the most significant ones and had the strongest estimated effects.
It is worth emphasizing that the findings did not prove that the economic growth factors
(levels of GDP per capita, fiscal sustainability) are not the important objectives per se.

C¸olak and Ege [7] proposed a composite indicator methodology to observe how
distant the states are from reaching the targets and growth priorities of the EU 2020
Strategy, making a distinction between the EU 15 and the new Member States as well.
There are two main differences from Pasimeni [6] approach. The composite index was
constructed by assigning different weights to each original indicator considering each
target and priority.

The complex phenomenon of fulfilling the goals of the Europe 2020 Strategy was
addressed by Balcerzak [8]. The performance of individual countries was assessed by the
taxonomic dynamic analysis using the normalisation of variables with the zero unitarisation
method. The normalisation of variables was based on the constant reference point for the
whole analysed period, which provided the possibility of dynamic analysis and enabled
comparing the values of the synthetic index for all the years.

Rappai [10] developed a complex (composite) indicator that also considers correlations
and the heterogeneity of improvements within and between each category of goals and
constitutes a valuable contribution to this field, measuring progress in a complex way,
i.e., by taking the relationships and heterogeneity of goals across the EU Member States
into account.

Fura, Wojnar, and Kasprzyk [11] created a synthetic indicator with a median to
measure the level of the Europe 2020 Strategy implementation in the EU Member States.
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This positioning measure is particularly useful in situations where descriptive features of
the phenomena are hugely diversified. In the next step, all the countries were ranked based
on their level of implementation and further classified into four equally populated groups.
The multidimensional approach and longitudinal perspective allow for comparisons across
nations and over time.

The assessment of the progress being made by the EU Member States in meeting the
Europe 2020 was performed by Stec and Grzebyk [12] who applied a synthetic measure in
dynamic terms calculated as an arithmetic mean, based on the zero unitarization method.
This allows an objective comparison of the EU Member States using 10 major statistical
indicators.

Walheer [13] proposed the opposite approach—a decomposition of the composite
index—arguing that relying only on the composite index can be easily confused. He
proposed distinguishing between the three factors of the composite index: (1) a country-
specific index showing how each country performs with respect to the best performer
for each year, (2) a group-specific index that indicates how the group performs for every
year, and (3) an objective-specific index which says if, in principle, the targets are accom-
plished for the given period. The author argues that the decomposition allows better
quantifying, measuring, and monitoring the progress of the European countries towards
the achievement of the Europe 2020 objectives.

Another approach to the analysis of the states’ progress towards the national EU
2020 Strategy targets is presented by Rogge [14]. The author used Van Puyenbroeck
and Rogge’s [24] ‘indirect’ geometric Benefit-of-the-Doubt (BoD)-method to construct the
geometric composite index with Benefit-of-the-Doubt weights as a measure of the Member
State’s overall performance on the EU 2020 headline indicators. As the authors point
out, it is a pragmatic tool for evaluating country performances, in particular, under the
subsidiarity principle that the traditions and political instruments are still largely situated
at the national level.

Becker et al. [16] adopted the composite indicator approach, which aggregates the
distance of each country or region to the politically agreed targets. This enabled the as-
sessment both in a synthetic, general dimension and in the detailed trends at national and
regional levels, considering the degree of urbanisation and development. Two weighing
schemes for the indicators were investigated including equal and unequal weights. Addi-
tionally, to analyse the uncertainty of the weighting, a sensitivity analysis was performed,
investigating the choice of a weighting scenario across the indicators. The results show
that the weighting does have a significant impact on the results, although the top and
bottom-ranked countries remain fairly stable.

A dynamic approach based on the exploratory factor analysis and clustering technique
was proposed by Landaluce-Calvo i Gozalo-Delgado [15]. It focuses on the construction of
the composite (synthetic) indicators merging both the spatial and the time dimension of
the data. The use of exploratory factor analysis enables a comparative trend analysis of
several spatial units. The proposal includes both the composite indicators for each moment
in time and the Global Dynamic Indicator for the entire period. It allowed the visualisation
and measurement of the joint progress of the states, as well as their individual positions in
the EU ranking separately for each of the selected years (trajectories).

The source literature includes not only scientific studies but also publications by the
European Commission and the national statistical offices. The European Commission,
Eurostat, or the European Committee of the Regions cover in their publications, among
others, various aspects of the Europe 2020 Strategy implementation in the pan-European,
national and regional dimensions (cf., i.e., [25,26]), and also the possibility of measuring
the level of achieving the priorities and objectives of the Strategy (cf., i.e., [3,27]).

2. Variables, Data Availability and Target Levels

Not all the indicators presented in Table 1 can be directly applied in the dynamic
multidimensional cross-country comparative analysis to measure the achievement level of
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the indicator targets in the Europe 2020 Strategy. This refers to four indicators: Greenhouse
gas emissions (index 1990 = 100), Primary energy consumption (Million tonnes of oil
equivalent), Final energy consumption (Million tonnes of oil equivalent), People at risk of
poverty or social exclusion (Million people—compared with 2008).

The change in the greenhouse gas emission reduction indicator results directly from
the decision of the European Parliament and the Council referring to the Effort Sharing
Decision (ESD) setting out the annual greenhouse gas emission targets for the Member
States in the period 2013–2020 [28]. These targets address the emissions from the majority
of sectors not covered by the EU Emissions Trading System (EU ETS), such as transport,
buildings, agriculture, and waste. Hence, in place of the Greenhouse gas emissions indica-
tor (index 1990 = 100), the indicator of Greenhouse gas emissions in ESD sectors (Index
1990 = 100) was adopted to measure the achievement level of this thematic goal.

The indicators showing changes in energy efficiency (Primary energy consumption,
Final energy consumption) are expressed in absolute units (Million tonnes of oil equivalent).
In this form, they are incomparable between the individual EU countries due to their
different size. In this case, the indexes of changes in primary and final energy consumption
were used in comparing the status in 2005: Primary energy consumption (Index 2005 = 100),
Final energy consumption (Index 2005 = 100).

The indicator presenting the risk of poverty and social exclusion also required adjust-
ment. The assumptions for the monitoring of the Europe 2020 Strategy indicate that the
measurement of this thematic goal will be based on the change in the number of people
at risk of poverty and social exclusion (compared to 2008). However, taking into account
the significant diversity of the European Union countries in terms of the population num-
ber and the population at risk of poverty and social exclusion, it was decided that the
indicator “People at risk of poverty or social exclusion (% of the population)” will be an
appropriate one.

Table 2 presents the variables and their preferences used to measure the achievement
of the main goals included in the Europe 2020 Strategy.

Table 2. The variables used in the assessment of the Europe 2020.

Symbol Headline Indicators Preference

x1 Employment rate age group 20–64, total (% of population) S
x2 Gross domestic expenditure on R&D (% of GDP) S
x3 Greenhouse gas emissions in ESD sectors (Index 1990 = 100) D
x4 Share of renewable energy in gross final energy consumption (%) S
x5 Primary energy consumption (Index 2005 = 100) D
x6 Final energy consumption (Index 2005 = 100) D
x7 Early leavers from education and training (% of population aged 18–24) D
x8 Tertiary educational attainment (% of population aged 30–34) S
x9 People at risk of poverty or social exclusion (% of population) D

S—stimulants (where higher values are more preferred), D—destimulants (where lower values are more preferred). Source: authors’
compilation.

It is worth emphasizing that each of the European Union Member States adopted
the implementation of the target values for the individual indicators in the Europe 2020
Strategy.

Due to the absence of data for the EU-level 2020 target and national-level 2020 targets,
the estimates were required for the x9 variable (see the last column of Table 3), performed
based on the below formula:

PSEc =
P2008,c − Rc

P2008,c
·PP2008,c, (1)

where:
P2008,c—people at risk of poverty or social exclusion in the 2008 year (Thousand

persons),
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Rc—target reduction of people at risk of poverty or social exclusion in 2020 (Thousand
persons),

PP2008,c—people at risk of poverty or social exclusion (% of population in 2008),
c = 1, . . . , 29—EU and country number from Table 3.
In Formula (1), the reference point for Croatia was the year 2010. On the Eurostat

website, the data for Croatia referring to the variable “People at risk of poverty or social
exclusion” are available starting from 2010. Due to the absence of the data on Rc target
reduction for Germany and Great Britain, the values of PSEc indicator, determined for the
European Union (EU = 19.62), were adopted for these countries. The value of PSEc was
adopted for Estonia, Slovakia, and Sweden, whereas for Finland and Croatia the value of
Rc was provided in the study [3]. In addition, the UK did not set out the targets for the
other four indicators (x1, x2, x7, x8 in Table 3). Hence, the target values defined for the year
2020 for the European Union were adopted for this country.

Table 3 presents the target values of the indicators used in monitoring the goals of
the Europe 2020 Strategy, both for the entire European Union and its individual Member
States.

Table 3. The EU-level and national-level 2020 targets.

No. Country
Indicator

x1 x2 x3 x4 x5 x6 x7 x8 x9

1 EU 75 3 90.7 20 86.17 90.98 10 40 19.62
2 Belgium 73.2 3 85 13 84.76 88.80 9.5 47 17.20
3 Bulgaria 76 1.5 120 16 87.93 84.81 11 36 41.40
4 Czechia 75 1 109 13 93.15 96.75 5.5 32 14.32
5 Denmark 80 3 80 30 89.46 92.90 10 40 15.90
6 Germany 77 3 86 18 86.00 88.44 10 42 19.62
7 Estonia 76 3 111 25 128.97 97.56 9.5 40 15.00
8 Ireland 69 2 80 16 92.98 92.78 8 60 19.19
9 Greece 70 1.2 96 18 81.55 87.54 10 32 23.95

10 Spain 74 2 90 20 88.06 81.63 15 44 20.71
11 France 75 3 86 23 84.28 82.06 9.5 50 15.35
12 Croatia 62.9 1.4 111 20 121.99 96.69 4 35 28.70
13 Italy 67 1.53 87 17 87.37 90.37 16 26 21.78
14 Cyprus 75 0.5 95 13 88.71 98.36 10 46 19.82
15 Latvia 73 1.5 117 40 120.27 111.94 10 34 28.61
16 Lithuania 72.8 1.9 115 23 80.75 92.08 9 49 23.01
17 Luxembourg 73 2.3 80 11 94.34 93.75 10 66 14.21
18 Hungary 75 1.8 110 13 91.50 76.84 10 34 23.66
19 Malta 70 2 105 10 76.09 108.70 10 33 18.47
20 Netherlands 80 2.5 84 14 86.58 96.54 8 40 14.29
21 Austria 77 3.76 84 34 96.30 90.09 9.5 38 17.75
22 Poland 71 1.7 114 15 109.60 122.41 4.5 45 26.52
23 Portugal 75 2.7 101 31 90.54 91.53 10 40 24.11
24 Romania 70 2 119 24 119.25 123.17 11.3 27 41.39
25 Slovenia 75 3 104 25 100.69 99.42 5 40 16.45
26 Slovakia 72 1.2 113 14 94.20 77.85 6 40 17.20
27 Finland 78 4 84 38 106.97 105.87 8 42 14.72
28 Sweden 80 4 83 49 88.59 91.16 7 45 14.00
29 UK 75 3 84 15 79.47 84.46 10 40 19.62

Source: authors’ compilation.

The target, national levels of indicators for achieving the Europe 2020 Strategy goals
are significantly diversified, as they take into account social, economic, and environmental
conditions specific to the individual European Union countries.

The study covered the years 2010–2019. The statistics were taken from Eurostat. The
missing data refer to x3 variable for 2010 and x9 variable for 2019 for Great Britain alone.
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The research methodology proposed in point 3 of the study allows conducting the analysis
taking into account the missing data (NA).

3. Constructing the Composite Index—Dynamic Relative Taxonomy

The relative taxonomy method in the classical approach was proposed by S. Wydy-
mus [29], and its positional version was developed by J. Lira [30]. Both versions of the
relative taxonomy method use the static approach despite applying it for the panel data.
The relative taxonomy method applications in static terms are presented, i.e., in the follow-
ing studies: Szopik-Depczyńska et al. [31], Ziolo et al. [32], Cheba [33].

The modification of relative taxonomy for the dynamic approach presented in the
study by Walesiak and Dehnel [34] will be applied in the paper. In the static version
(see [29,30]) the relativization in Formula (6) is performed separately for each period of the
study t = 1, . . . , T. In the dynamic version, the relativization of the j-th variable value is
carried out jointly based on the data matrix from T periods.

The relative taxonomy procedure in the dynamic version, after taking into account
step 3 and the geometric mean in steps 6 and 7, takes the following form:

1. The observations of m variables for n analysed objects and T periods are combined
into one data matrix:

[
yijt
]

n·T×m =



y111 y121 · · · y1m1
...

... · · ·
...

yn11 yn21 · · · ynm1
· · · · · · · · · · · ·

y11T y12T · · · y1mT
...

... · · ·
...

yn1T yn2T · · · ynmT


, (2)

where: i = 1, . . . , n—object’s number (n = 29: data for the European Union and 28
European Union countries),

j = 1, . . . , m—variable’s number (m = 9: variables describing the targets of the
Europe 2020 Strategy—see Table 2),
t = 1, . . . , T−1—period’s number (years 2010–2019),
T—year 2020 presenting the targets of the Europe 2020 Strategy: EU-level targets or
national-level targets.

2. The identification of stimulants and destimulants in the set of variables. The term of a
stimulant and destimulant was introduced by Hellwig [35]. Mazziotta and Pareto [19],
instead of the term stimulant and destimulant, use the concept of ‘positive polarity’
(increasing values of the index correspond to the phenomenon improvement) and
‘negative polarity’ (increasing values of the index correspond to the phenomenon
worsening). In turn, Hwang and Yoon [36] (p. 130) use the concepts of ‘benefit’
(the larger value of a variable, the greater preference) and ‘cost’ (the larger value of
variable, the less the preference).

3. The observations on individual variables are replaced if the values of the variables in
the data matrix (1) for t = 1, . . . , T − 1 reach the EU-level target or the national-level
target:

xijt =

{
yijT for yijt > yijT
yijt for yijt ≤ yijT

, for stimulants, (3)

xijt =

{
yijT for yijt < yijT
yijt for yijt ≥ yijT

, for destimulants, (4)

where: yijT—EU-level target 2020 or national-level target 2020.

For each variable, values higher than the Strategy goals (for stimulants) and lower than
the Strategy goals (for destimulants) are replaced with the values of the Strategy goals
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(EU-level targets 2020 or national-level targets 2020, respectively). This operation can
be called one-sided Winsorization of the data (see, e.g., [37]).

4. Destimulants (D) are replaced with stimulants using ratio transformation (see, e.g., [38]
(p. 18):

xijt =
(

xD
ijt

)−1
(5)

5. The values of j-th variable are relativized according to the formula:[
x1j1

xijt
, . . . ,

xnjT

xijt

]
for i = 1, . . . , n and t = 1, . . . , T (6)

thus obtaining, for j-th variable, the matrix of relativized values presenting n·T × n·T
dimensions. As a result of relativization, the values of variables are dimensionless.

6. The average similarity of a given relativized observation against other relativized
observations of the j-th variable is calculated using the geometric mean.

[
zijt
]
=


n·T
√

∏T
t=1 ∏n

i=1
x111
xi1t

· · · n·T
√

∏T
t=1 ∏n

i=1
x1m1
ximt

...
...

...
n·T
√

∏T
t=1 ∏n

i=1
xn1T
xi1t

· · · n·T
√

∏T
t=1 ∏n

i=1
xnmT
ximt

 (7)

Matrix
[
zijt
]

is equivalent to a normalised matrix in multivariate statistical analysis.
7. The values of SMit aggregate measures are calculated:

SMit = m

√
∏m

j=1
1

zijt
(8)

The values of SMit aggregate measure taking the form (8) can be higher or lower
than 1. The lower the value of SMit measure the better the position of i object
against the other objects in the time interval from t = 1 to t = T. Contrary to the
static approach, the dynamic approach not only shows the relationships between the
objects in particular periods but also the changes which occurred in the level of the
analysed phenomenon between the objects in the entire examined time interval. The
dynamic version allows for missing data. This type of data (NA) is not included in
the calculation process of SMit aggregate measure.

Compared to many methods of linear ordering, the method of dynamic relative
taxonomy has certain limitations:

− it can only be used for the variables measured on the ratio scale (their possible values
are included in the set of positive real numbers). Measurement scales can be divided
into metric and non-metric ones [39]. Metric scales can be further subdivided into
ratio and interval scales. Hence, it cannot be applied to the interval variables. This is
not a serious limitation, as the ratio variables are by far the most common category of
variables in the analysis of economic phenomena;

− SMit aggregate measures do not have an upper limit. This does not disqualify them.

The values of composite indices based on dynamic relative taxonomy not only show
the relations between objects in particular periods but also the changes in the level of the
phenomenon over the entire reference period. In other words, this approach is suitable for
tracking changes from a cross-sectional and longitudinal perspective, offering the possibil-
ity of assessing the relations between objects in each studied period. Another important
benefit of the proposed method is that it can be applied to the datasets containing NA val-
ues. Most methods of ordering objects based on aggregate measures are compensatory in
nature. This problem was significantly reduced by taking into account the geometric mean
in the construction of the aggregate measure (8). The aggregate approaches considering



Energies 2021, 14, 4990 10 of 19

the EU-level targets and the national-level targets (see Section 1.2) additionally reduce the
compensation characteristic for the aggregate approach.

4. Results for the EU-Level Target Analysis

Table 4 presents the values of SMit aggregate measure showing changes in the imple-
mentation level of the Europe 2020 Strategy for the EU-level target analysis in the years
2010–2019. The lower the value of SMit measure, the better the position of i object against
other objects in the individual analysed years and in the entire analysed period 2010–2019.
The dynamic approach shows not only the relationships between the objects in particular
periods but also the changes which took place in the level of the analysed phenomenon
between the objects in the entire examined time interval.

Table 4. SMit aggregate measure values for the EU-level target analysis, showing changes in the implementation of the EU
Strategy from 2010 to 2019, and sorted by 2019 values.

i Country
SMitAggregate Measure Values

∆
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 *

1 Denmark 0.8536 0.8421 0.8310 0.8303 0.8267 0.8241 0.8286 0.8291 0.8328 0.8258 0.8227 −0.0279
2 Sweden 0.8337 0.8405 0.8404 0.8368 0.8335 0.8308 0.8352 0.8369 0.8382 0.8341 0.8227 0.0005
3 Austria 0.9038 0.9043 0.8846 0.8829 0.8370 0.8449 0.8443 0.8480 0.8425 0.8452 0.8227 −0.0587
4 Finland 0.8485 0.8513 0.8486 0.8433 0.8425 0.8414 0.8543 0.8511 0.8531 0.8482 0.8227 −0.0003
5 Germany 0.9549 0.9317 0.9090 0.9118 0.8968 0.8904 0.8927 0.8859 0.8675 0.8597 0.8227 −0.0953
6 Slovenia 0.8911 0.8846 0.8674 0.8619 0.8601 0.8616 0.8800 0.8834 0.8774 0.8672 0.8227 −0.0239
7 France 0.9478 0.9553 0.9317 0.9122 0.8960 0.8946 0.8914 0.8879 0.8819 0.8752 0.8227 −0.0726
8 EU 1.0158 0.9909 0.9705 0.9522 0.9282 0.9187 0.9127 0.9000 0.8909 0.8779 0.8227 −0.1379
9 Belgium 1.0695 1.0349 1.0110 0.9932 0.9598 0.9640 0.9583 0.9425 0.9316 0.9185 0.8227 −0.1510

10 Portugal 1.1238 1.0614 1.0547 1.0528 1.0371 1.0073 0.9890 0.9705 0.9499 0.9242 0.8227 −0.1996
11 Czechia 1.0907 1.0381 0.9947 0.9702 0.9370 0.9399 0.9524 0.9465 0.9346 0.9314 0.8227 −0.1593
12 Netherlands 1.1038 1.0418 1.0355 1.0188 0.9895 0.9883 0.9889 0.9765 0.9645 0.9418 0.8227 −0.1620
13 UK 1.1635 1.1079 1.1062 1.0688 1.0347 0.9965 0.9853 0.9676 0.9576 0.9433 0.8227 −0.2202
14 Estonia 0.9521 0.9334 0.9401 0.9551 1.0027 0.9856 1.0071 0.9932 1.0017 0.9511 0.8227 −0.0010
15 Greece 1.2480 1.1936 1.1586 1.1053 1.0906 1.0602 1.0546 1.0203 0.9965 0.9723 0.8227 −0.2757
16 Croatia 1.1388 1.1321 1.1203 1.0817 1.0511 1.0450 1.0455 1.0509 1.0012 0.9855 0.8227 −0.1533
17 Slovakia 1.2309 1.1568 1.1152 1.0970 1.0608 1.0104 1.0479 1.0422 1.0279 0.9875 0.8227 −0.2434
18 Hungary 1.1295 1.0934 1.0659 1.0406 1.0277 1.0188 1.0383 1.0387 0.9953 0.9916 0.8227 −0.1379
19 Lithuania 1.0626 1.0293 1.0296 1.0075 0.9887 0.9954 1.0309 1.0280 1.0240 1.0103 0.8227 −0.0522
20 Spain 1.1333 1.1149 1.1079 1.0925 1.0865 1.0710 1.0540 1.0445 1.0344 1.0151 0.8227 −0.1182
21 Italy 1.2045 1.1754 1.1369 1.1117 1.0832 1.0713 1.0610 1.0483 1.0396 1.0191 0.8227 −0.1854
22 Poland 1.2197 1.1811 1.1352 1.1123 1.0828 1.0695 1.0904 1.0893 1.0687 1.0421 0.8227 −0.1775
23 Ireland 1.1295 1.0830 1.0674 1.0477 1.0273 1.0475 1.0462 1.0155 1.0197 1.0453 0.8227 −0.0842
24 Luxembourg 1.1572 1.1401 1.1351 1.1114 1.0761 1.0609 1.0530 1.0443 1.0255 1.0521 0.8227 −0.1052
25 Latvia 1.1984 1.1254 1.1090 1.0917 1.0712 1.0682 1.1015 1.0922 1.0747 1.0627 0.8227 −0.1357
26 Cyprus 1.3209 1.2791 1.2549 1.1725 1.1558 1.1681 1.1690 1.1547 1.0901 1.0844 0.8227 −0.2366
27 Bulgaria 1.2871 1.2882 1.2594 1.1866 1.1455 1.1421 1.1600 1.1596 1.1205 1.1199 0.8227 −0.1672
28 Romania 1.3785 1.2947 1.2910 1.2994 1.2888 1.2499 1.2501 1.2371 1.2237 1.2013 0.8227 −0.1772
29 Malta 1.8759 1.5874 1.4850 1.4381 1.4195 1.3762 1.3430 1.3141 1.2870 1.2809 0.8227 −0.5950

Parameters
mean28 1.1233 1.0822 1.0616 1.0405 1.0218 1.0116 1.0162 1.0071 0.9915 0.9798

sd28 0.2053 0.1623 0.1497 0.1369 0.1334 0.1249 0.1212 0.1168 0.1086 0.1079

*—aggregate measure values for the EU-level 2020 targets (SMi2020); ∆ = SMi2019 − SMi2010; mean28 and sd28—arithmetic mean and
standard deviation for the 28 EU countries. Source: authors’ compilation using R package [40].

The graphic presentation showing the ranking of 28 European Union countries regard-
ing the level of the Europe 2020 Strategy implementation for the EU-level target analysis
covering 2019 (SMit aggregate measure values) in the context of the object presenting the
EU average and the object presenting the target values of the Europe 2020 Strategy (EU
target 2020) is shown in Figure 1. None of the EU countries achieved the target values of the
Europe 2020 Strategy (EU target 2020), although Denmark came the closest. The top seven
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included the Scandinavian countries, Austria, France, Slovenia, and Germany. Among
these countries, Austria and Sweden achieved 7 EU targets each until 2019, Denmark and
Finland 6 EU targets each, and France and Slovenia 5 EU targets each. Germany, ranked
at the 5th position, achieved only 3 EU targets by 2019, however, the implementation of
the remaining targets only slightly deviated from the established standards. Malta and
Romania, placed at the bottom of the ranking, achieved only one EU target each by 2019.
Lithuania, ranked as 19, is among the countries which achieved 5 EU targets by 2019. This
was due to the values of variables significantly different from the EU target values of the
variables in the following order: x6, x9, x3, and x2 (see the symbols in Table 2).
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Figure 1. Ranking of the 28 European Union countries for 2019 based on the value of SMit aggregate measure for the
EU-level target analysis. Source: authors’ compilation.

The graphic presentation (Figure 2) showing changes in the implementation level
of the Europe 2020 Strategy for the EU-level target analysis, in the years 2010–2019, is
presented in the form of line charts for the 28 European Union countries in the context
of the object presenting the EU average and the object presenting the target values of the
Europe 2020 Strategy (EU target 2020).

Throughout the entire analysed period, a systematic decrease in both the mean value
of the aggregate measure and its differentiation can be observed (see Table 4, Figure 2). This
proves that, firstly, a systematic improvement in the implementation level of the Europe
2020 Strategy can be observed. Secondly, the differences between the European Union
countries are decreasing (standard deviation values in Table 4).
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The highest improvement in the value of the composite indicator in the years 2010–
2019 was recorded by Malta ranked at the last position. Greece moved up significantly
from the end of the list in 2010 to the middle of the ranking in 2019. Regarding the top
seven countries, Germany and France recorded a significant improvement in the period
2010–2019. The most turbulent development was observed in the years 2010–2019 in
Estonia for which, de facto, the aggregate measure value in 2019 did not change.
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5. Results for the National-Level Target Analysis

Table 5 presents the values of SMit aggregate measure showing changes in the imple-
mentation level of the Europe 2020 Strategy for the national-level target analysis in the
years 2010–2019.

Table 5. SMit aggregate measure values for the national-level target analysis, showing changes in the implementation of the
EU 2020 Strategy from 2010 to 2019, and sorted by 2019 values.

i Country
SMitAggregate Measure Values

∆
Rank
( ∆)2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 *

1 Sweden 0.7055 0.7178 0.7152 0.7072 0.7066 0.7030 0.7092 0.7085 0.7097 0.7027 0.6607 0.0420 9
2 Finland 0.7798 0.7982 0.7875 0.7820 0.7870 0.7893 0.7843 0.7767 0.7782 0.7667 0.7287 0.0379 6
3 Denmark 0.8561 0.8309 0.8101 0.8043 0.7918 0.7850 0.7822 0.7826 0.7853 0.7758 0.7695 0.0063 1
4 Austria 0.8651 0.8631 0.8365 0.8381 0.7948 0.7962 0.7977 0.8052 0.7912 0.7929 0.7600 0.0328 5
5 Slovenia 0.8279 0.8353 0.8255 0.8222 0.8314 0.8291 0.8359 0.8329 0.8247 0.8180 0.7726 0.0455 10
6 France 0.9579 0.9611 0.9357 0.9061 0.8885 0.8796 0.8820 0.8706 0.8603 0.8536 0.7617 0.0919 18
7 Germany 0.9771 0.9448 0.9212 0.9239 0.9087 0.9023 0.9046 0.8976 0.8790 0.8711 0.8312 0.0400 7
8 EU 1.0393 1.0070 0.9863 0.9677 0.9433 0.9336 0.9276 0.9146 0.9054 0.8922 0.8361 0.0561 12
9 Netherlands 1.0908 1.0223 1.0067 0.9950 0.9688 0.9592 0.9567 0.9447 0.9287 0.9061 0.8288 0.0773 16
10 Belgium 1.0801 1.0444 1.0169 1.0021 0.9593 0.9725 0.9543 0.9350 0.9246 0.9110 0.8366 0.0744 14
11 Portugal 1.1230 1.0697 1.0667 1.0596 1.0279 0.9934 0.9735 0.9563 0.9453 0.9203 0.8395 0.0808 17
12 UK 1.1905 1.1084 1.1116 1.0744 1.0275 0.9927 0.9808 0.9619 0.9532 0.9349 0.8413 0.0936 19
13 Estonia 0.9680 0.9408 0.9510 0.9573 1.0087 0.9972 1.0077 0.9986 0.9994 0.9736 0.8472 0.1264 24
14 Czechia 1.0327 1.0200 0.9922 0.9794 0.9706 0.9710 0.9713 0.9754 0.9664 0.9748 0.9514 0.0234 2
15 Lithuania 1.0523 1.0321 1.0162 0.9914 0.9673 0.9720 1.0036 0.9992 0.9941 0.9802 0.8724 0.1078 22
16 Croatia 1.1050 1.1103 1.1206 1.0747 1.0325 1.0253 1.0252 1.0248 0.9920 0.9805 0.9496 0.0309 3
17 Ireland 1.1200 1.0721 1.0499 1.0225 0.9884 1.0085 1.0057 0.9788 0.9810 1.0087 0.8390 0.1697 26
18 Poland 1.1666 1.1414 1.1050 1.0919 1.0705 1.0524 1.0541 1.0472 1.0236 1.0093 0.9407 0.0685 13
19 Slovakia 1.1815 1.1326 1.0990 1.0911 1.0532 1.0059 1.0522 1.0605 1.0411 1.0137 0.9163 0.0974 21
20 Spain 1.1525 1.1237 1.1119 1.0931 1.0859 1.0743 1.0616 1.0512 1.0404 1.0160 0.9026 0.1134 23
21 Greece 1.2764 1.2192 1.1798 1.1295 1.1225 1.1000 1.0942 1.0586 1.0352 1.0253 0.9851 0.0402 8
22 Luxembourg 1.1434 1.1155 1.1214 1.0999 1.0643 1.0452 1.0346 1.0281 1.0029 1.0296 0.8419 0.1877 27
23 Hungary 1.1557 1.1444 1.1297 1.1112 1.0827 1.0758 1.0925 1.0834 1.0551 1.0512 0.9741 0.0770 15
24 Italy 1.2325 1.1926 1.1515 1.1255 1.1050 1.0986 1.0957 1.0898 1.0773 1.0662 1.0348 0.0314 4
25 Latvia 1.2018 1.1538 1.1236 1.1148 1.0842 1.0908 1.1239 1.0996 1.0693 1.0693 0.9727 0.0966 20
26 Cyprus 1.3307 1.2799 1.2580 1.1858 1.1710 1.1786 1.1770 1.1677 1.1255 1.1207 1.0731 0.0476 11
27 Bulgaria 1.3097 1.3211 1.2912 1.2488 1.2002 1.1842 1.2081 1.2075 1.1989 1.1985 1.0535 0.1450 25
28 Malta 1.9193 1.6349 1.5115 1.4615 1.4426 1.3900 1.3506 1.3415 1.3206 1.3329 0.9877 0.3452 29
29 Romania 1.4883 1.4273 1.4099 1.4212 1.4135 1.3780 1.3756 1.3563 1.3500 1.3376 1.0981 0.2395 28

Parameters
mean28 1.1148 1.0781 1.0566 1.0373 1.0172 1.0063 1.0077 0.9984 0.9848 0.9770

sd28 0.2282 0.1882 0.1752 0.1663 0.1623 0.1539 0.1521 0.1494 0.1447 0.1469

*—aggregate measure values for the national-level 2020 targets by country i (SMi2020); ∆ = SMi2019 − SMi2020. Source: author’s compilation.

Figure 3 shows the graphic presentation of the ranking including 28 European Union
countries regarding the level of the Europe 2020 Strategy implementation for the national-
level target analysis covering 2019 (SMit aggregate measure values—points marked in
black) in the context of the object (points marked in red) presenting the aggregate measure
values of the Europe 2020 Strategy for the national-level 2020 targets.

The points marked in red, presented on the main diagonal in Figure 3, show the
target values of the monitoring indicators for the individual EU countries. The points
located lower refer to the countries which set out the target values of individual monitoring
indicators at a higher level (Sweden, Finland, Austria, France, respectively). In turn, the
points located higher refer to the countries which defined the target values of individual
monitoring indicators at a lower level (Romania, Cyprus, Bulgaria, Italy, respectively).
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Some countries, which adopted the prudential level of monitoring indicators show
higher levels of the target values achievement. The prudential level of monitoring indica-
tors for such countries as Czechia (position 21), Croatia (position 20), Italy (position 26),
Greece (position 24), Cyprus (position 28) results in a higher level of the target values imple-
mentation (Czechia—position 2, Croatia—position 3, Italy—position 4, Greece—position 8,
Cyprus—position 11). The prudential levels of monitoring indicators were also adopted
by other countries (Romania—position 29, Bulgaria—position 27, Malta—position 25)
and yet, in 2019, they were far from the target values in terms of the aggregate measure
value (Romania—position 29, Bulgaria—position 25, Malta—position 28). Some coun-
tries adopted overly optimistic target values of monitoring indicators (France—position
4, Netherlands—position 7, Ireland—position 11, Luxembourg—position 14, Estonia—
position 15) and, as a result, in relation to the level of their implementation in 2019 they
were placed lower in the ranking (France—position 18, Netherlands—position 16, Ireland—
position 26, Luxembourg—position 27, Estonia—position 24).



Energies 2021, 14, 4990 15 of 19

The graphic presentation (Figure 4) showing changes in the implementation level of
the Europe 2020 Strategy for the national-level target analysis, in the years 2010–2019, is
presented in the form of line charts for the 28 European Union countries in the context of
the object presenting the EU average and the object presenting the national-level targets
2020 of the Europe 2020 Strategy.
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Throughout the entire analysed period, a systematic decrease in both the mean value
of the aggregate measure and its differentiation can be observed (see Table 5, Figure 4).
This proves that, firstly, a systematic improvement in the implementation level of the
national values included in the Europe 2020 Strategy can be observed. Secondly, the
differences between the European Union countries are decreasing (standard deviation
values in Table 5).

6. Discussion and Conclusions

Since 2010, the European Union countries have been implementing the objectives
of the Europe 2020 Strategy aimed at smart, sustainable, and inclusive growth. The as-
sessment of the implementation level of this Strategy is most frequently based on using
aggregate measures (composite indices), which allows ranking the European Union coun-
tries according to the level of a complex phenomenon—in this case, the implementation
level of the objectives of the Europe 2020 Strategy described using a set of preferential
variables (nine indicators were formulated in the Strategy).

Three methodological approaches were identified, namely: aggregate approach indi-
cating the summary achievement level of all the indicators by the individual countries, the
EU-level targets approach, following which the national values of individual monitoring
indicators are referred to their target values specified for the European Union (EU-level
targets 2020) and the national-level targets approach, in which the national values of in-
dividual monitoring indicators are compared to their target values defined for a given
country for 2020. Each of the above-mentioned research approaches presents both strengths
and weaknesses. Nevertheless, each of them shows a significant practical utility in shaping
and implementing the strategic development goals of the individual countries and the
European Union as a whole.

Assessing the achievement level of the Europe 2020 Strategy targets, both at the level
of the entire European Union (EU-level targets approach) as well as its individual countries
(national-level targets approach) has been the primary research purpose of the study. The
application of the methodology of dynamic relative taxonomy confirmed its practical
usefulness and allowed for the realization of the purpose of the study. The conducted
research applied the aggregate index proposed and constructed based on the dynamic
relative taxonomy (Section 3 of the paper), which was used to show the different distances
of the individual European Union countries in relation to both the EU-level targets and
national-level targets in the Europe 2020 Strategy.

In the years 2010–2019, a systematic improvement in the implementation of both
the EU and the national targets set out in the Europe 2020 Strategy was recorded. The
differences in the achievement level of the Europe 2020 Strategy targets were visible,
however, the distance in this respect between the European Union countries was decreasing.
It should also be highlighted that none of the EU countries achieved the target values of
the Strategy defined for 2020.

The highest level of the Strategy implementation regarding the EU level targets ap-
proach was observed for the Scandinavian countries as well as Austria, Germany, Slovenia,
and France (they achieved higher levels than the EU). The achievement level of the strategic
targets defined at the national levels (national-level targets approach) was significantly
influenced by the approach of individual countries in determining the target values of the
Strategy indicators. The countries (Czechia, Croatia, Italy, Greece, Cyprus) which were pru-
dential in defining their target levels of monitoring indicators showed, in practice, higher
levels of meeting them, whereas the countries (France, Netherlands, Ireland, Luxembourg,
Estonia) which set out overly optimistic targets for the particular monitoring indicators
recorded lower levels of meeting them.

The application of the Kendall’s tau correlation coefficient allowed assessing the
compatibility of the rankings prepared according to the implementation level of the Europe
2020 Strategy for the EU-level target analysis (Section 4) and for the national-level target
analysis covering 2019 (Section 5). The value of Kendall’s tau correlation coefficient
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amounts to 0.8424. This, generally, indicates that the two rankings of the EU countries
are highly compatible. The countries such as Greece (drop by six places compared to the
ranking of the EU-level target analysis for 2019) lost the most in the ranking regarding
the implementation level of the Europe 2020 Strategy in relation to the national-level
target analysis for 2019 because of their prudential approach to the monitoring indicators,
Hungary (drop by five places), Czechia (drop by three places), Italy (drop by three places),
Denmark (loss of the leading position—drop by two places). These countries which
adopted the prudential approach to monitoring indicators in the Europe 2020 Strategy
and, simultaneously, achieved higher values of these indicators found themselves in a
disadvantaged position. In turn, the countries which adopted the optimistic target values
of individual monitoring indicators (Ireland—up by six places; Lithuania and Poland—up
by four places, Sweden—up to the clear leader of the ranking) were at an advantaged
position.

The novelty of the study consists in identifying three research approaches in the
assessment of the Europe 2020 Strategy as well as the implementation of two of them (the
EU-level targets and the national-level targets). Moreover, an aggregate index constructed
based on the dynamic relative taxonomy was proposed in the carried out research.

The conducted study has also its limitations. Due to the limited availability and
comparability of the statistical data, not all the indicators of the Europe 2020 Strategy
could have been used directly in the analysis. This problem has been presented in detail
in Section 2 of the paper. The year 2020 has not been included in the study because the
data for several variables have not yet been published by Eurostat. Another limitation of
the conducted analysis is related to the applied method of dynamic relative taxonomy. In
the construction of the aggregate measure in the form (8), equal weights were adopted
for the individual variables. However, there were no substantive grounds for introducing
the differentiated weights. The disadvantage of aggregate methods is their compensatory
nature (the possibility of accumulating the range of positive and negative deviations from
the target values of individual indicators). This problem was significantly reduced by
including the geometric mean in the construction of the aggregate measure and by the
operation called one-sided Winsorization of the data presented by Formulas (3) and (4).

In general, the presented and practically applied research approach allowed not only
to assess the degree of achievement of the goals of the Europe 2020 Strategy but also to
indicate, in each of the European Union countries, the areas requiring strengthening and
dynamisation in the context of current and future challenges. In addition, the prudential or
optimistic approach towards achieving the goals of the Europe 2020 Strategy reveals the
prioritisation of the development goals of the individual European Union Member States
in various social and economic areas, and thus also the contemporary orientation as well
as challenges for the relevant national public policies. The scope of these public policies
is quite wide and covers, i.e., innovation policy, employment and labour market policy,
educational policy, many aspects of social policy, environmental policy, or energy policy.
Hence, the practical usability of the conducted research and its results refer not only to the
Europe 2020 Strategy but also to the national public policies and the strategic development
programs to be created in the near and more distant future.
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